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PART  I— DESIGN  AND  CONSTRUCTION 


SECTION  1 
ELEMENTS  OP  STRUCTURAL  THEORY 


DEFINITIONS 


1.  Structure. — ^A  simcture  is  a  part,  or  an  assemblage  of  parts,  constructed  to  support 
certain  definite  loads.  Structures  are  actqd  upon  by  external  forces  and  these  external  forces 
are  held  in  equilibrium  by  internal  forces,  called  atreaaes, 

2.  Member.^A  member  or  piece  of  a  structure  is  a  single  unit  of  the  structure,  as  a  beam, 
a  column,  or  a  web  member  of  a  truss. 

3.  Beam. — A  beam  is  a  structural  member  which  is  ordinarily  subject  to  bending  and  is 
usually  a  horizontal  member  carrying  vertical  loads.  In  a  framed  floor,  beams  are  members 
upon  which  rest  directly  the  floor  plank,  slab,  or  arch. 

A  aimpie  beam  is  one  which  rests  on  supports  at  the  ends.  A  carUilever  beam  is  a  beam  hav- 
ing one  end  rigidly  fixed  and  the  other  end  free.  Extending  a  simple  beam  beyond  either  sup- 
port gives  a  combination  of  a  simple  beam  and  a  cantilever  beam.  A  beam  with  both  ends  free 
and  balanced  over  a  support  is  also  called  a  cantilever  beam.  A  reatrained  beam  is  one  which  is 
more  or  less  fixed  at  one  or  both  points  of  support.  A  buiU^n  or  fixed  beam  is  a  beam  rigidly 
fixed  at  both  ends.      A  continuoua  beam  is  one  having  more  than  two  points  of  support. 

4.  Girder. — A  girder  is  a  beam  which  receives  its  load  in  concentrations.  In  a  framed 
floor  it  supports  one  or  more  cross  beams  which  in  turn  carry  the  flooring.  The  term 
''girder''  is  also  applied  to  any  large  heavy  beam,  especially  a  built-up  steel  beam  or  plate 
girder.  In  Bethlehem  steel  sections  the  terms  ''beam''  and  ''girder"  are  used  to  denote 
rolled  sections  of  different  proportions  (see  Sect.  2,  Art.  26). 

6.  ColumiL'^A  column^  atrut  or  poat  is  a  structural  member  which  is  compressed  endwise. 
A  strut  is  usually  considered  of  smaller  dimensions  than  either  a  column  or  post. 

6.  Tie. — ^A  tie  is  &  structural  member  which  tends  to  lengthen  under  stress. 

7.  Truss. — A  truaa  is  a  framed  or  jointed  structure.  It  is  composed  of  straight  members 
which  are  connected  only  at  their  intersections,  so  that  if  the  loads  are  applied  at  these  inter- 
sections the  stress  in  each  member  is  in  the  direction  of  its  length.  Each  member  of  a  truss 
is  either  &  tie  or  &  atnU, 

The  apan  of  a  roof  truss  is  the  horizontal  distance  in  feet  between  the  centers  of  supports. 
The  riae  is  the  distance  from  the  highest  point  of  the  truss  to  the  line  joining  the  points  of  sup- 
port. The  pitch  is  the  ratio  of  the  rise  of  the  truss  to  its  span.  The  upper  or  top  chord  con- 
sists of  the  upper  line  of  members.  The  lower  chord  consists  of  the  lower  line  of  members. 
The  web  membera  connect  the  joints  of  the  upper  chord  with  those  of  the  lower  chord. 

8.  Force. — Force  is  that  which  tends  to  change  the  state  of  motion  of  a  body,  or  it  is  that 
which  causes  a  body  to  change  its  shape  if  it  is  held  in  place  by  other  forces. 

9.  Outer  Forces. — The  external  or  otUer  forcea  acting  upon  a  structure  consist  of  the  ap- 
plied loads  and  the  supporting  forces,  called  reactiona. 

10.  Inner  Forces. — The  internal  or  inner  forcea  in  a  structure  are  the  stresses  in  the  different 
members  which  are  brought  into  action  by  the  outer  forces  and  hold  the  outer  forces 
in  equilibrium. 

11.  Dead  Load. — Dead  load  is  the  weight  of  a  structure  itself  plus  any  permanent  loads. 
In  design,  the  weight  of  the  structure  must  be  assumed ;  and  the  design  corrected  later  if  the 
assumed  weight  is  very  much  in  error.  Brjck  and  concrete  construction  have  the  largest  dead 
load  relative  to  the  total  load. 
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12.  Live  Load. — Live  load  is  any  moving  or  variable  load  which  may  come  upon  the 
structure — as,  for  example,  the  weight  of  people  or  merchandise  on  a  floor,  or  the  weight  of 
snow  and  the  pressure  of  wind  on  a  roof.  The  total  load  or  dead  load  plus  live  load  must  be 
used  in  design.  In  addition  the  d3rnamic  effect  or  impact  of  the  live  load  must  often 
be  considered. 

18w  Statically  Detenninate  Structures. — A  structure  is  atoHcally  determinate  when  both 
outer  and  inner  forces  may  be  determined  by  the  aid  of  statics.  If  all  the  outer  forces  may  be 
found  by  statics,  the  structure  is  said  to  be  ataticaUy  determinate  with  reaped  to  the  outer  forcea 
whether  or  not  it  b  possible  to  determine  the  inner  forces  by  the  same  means  (see  definition  of 
"Statics,"  Art.  30). 

Wooden  beams,  pin-connected  trusses,  and  steel  beams  resting  on  horizontal  supports 
are  ordinarily  statically  determinate.  Small  riveted  trusses  and  steel  beams  in  a  framed  floor 
are  commonly  assumed  in  design  as  statically  determinate. 

14.  Statically  Ihdetenninate  Structures. — Structures  which  cannot  be  statically  deter- 
mined are  those  which  the  equations  of  statics  will  not  suffice  to  design.  All  rigidly  connected 
building  frames  are  statically  indeterminate. 

STRESS  AKD  DEFORMATION 
By  Walter  W.  Clifford 

16.  Stress. — Streaa  is  the  cohesive  force  in  a  body  which  resists  the  tendency  of  an  external 
force  to  change  the  shape  of  the  body.  For  example,  if  a  steel  rod  supports  a  load  or  force  of 
30,000  lb.,  it  has  in  it  a  stress  of  30,000  lb.    This  is  called  the  total  atreaa. 

If  a  force  tends  to  stretch  a  member,  the  resulting  stress  is  called  tension  or  tenaHe  atreaa. 
If  a  force  tends  to  shorten  a  member,  the  resulting  stress  is  called  compreaaion  or  compreaaive 
atreaa. 

If  the  above-mentioned  rod  has  a  cross-sectional  area  perpendicular  to  its  axis  of  2  sq.  in., 

and  the  load  is  imiformly  distributed,  it  has  a  unit  atreaa  or  intensity  of  atreaa  of  15,060  lb.  per  sq. 

in. — ^that  is,  the  imit  stress  is  the  total  uniformly  distributed  stress  divided  by  the  cross-sec- 

p 
tional  area,  or  /  =  -j  • 

If  the  load  on  a  member  is  increased  until  the  member  fails,  the  highest  unit  stress  sustained 
is  called  the  ultimate  atreaa.  Some  materials,  notably  steel,  after  being  stressed  to  the  ultimate, 
sustain  a  gradually  lessening  load  until  failure.  The  unit  load  at  failiu'e  is  called  the  rupture 
atreaa  (see  Fig.  1). 

16.  Deformation. — Whenever  any  material  is  subjected  to  the  action  of  a  force,  it  changes 
shape.  This  change  in  shape  is  called  deformation  or  atrain.  The  former  term  will  be  used 
in  this  book.     The  deformation  per  unit  of  length  is  called  the  unit  deformation. 

AU  structural  materials,  within  the  limits  of  working  stresses,  follow  very  closely  Hooke'a 
Law  which  is- that  deformation  is  proportional  to  stress.  Thus,  if  a  force  of  1000  lb.  stretches 
a  rod  1  in.,  a  force  of  2000  lb.  will  stretch  the  same  rod  2  in. 

17.  Modulus  of  Elasticity. — The  ratio  between  stress  and  deformation  is  commonly  called 

the  modulua  of  elaatidty,  which  term  will  be  used  in  this  book.     Coefficient  of  elaslicity  and 

Young^a  modulua  are  synonymous  with  modulus  of  elasticity.    The  value  of  the  modulus  of 

f  ■ 

elasticity  varies  with  different  materials,  but  in  any  case  ^  =  ^ ,  where  /  is  the  unit  stress  and 

i  is  the  deformation  per  unit  of  length.  The  same  linear  unit  must  be  used  in  computing  the 
unit  stress  as  for  measuring  the  deformation.  This  unit  is  commonly  the  inch,  except  where  the 
metric  S3rstem  is  used.  It  may  be  noted  from  the  curves  (Figs.  1-4)  that  the  modulus  of  elastic- 
ity is  the  tangent  of  the  angle  which  the  stress-deformation  curve  makes  with  the  horizontal 
axis. 

18.  Elastic  Limit  and  Yield  Point — The  elaatic  limit  is  the  stress  at  which  the  ratio  of  stress 
to  deformation  ceases  to  be  constant.     Yidd  point  is  the  stress  at  which  deformation  increases 
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without  additional  load.     These  ternw  are  beflt  illustrated  in  the  curve  for  steel  (Rg.  1).    They 

are  not  clewly  defined  in  the  curves  o/  other  materials. 

19.  Stress  and  Deformation  Curves. — The  typical  curves  shown  (Figs.   1-4}  indicate 

graphically  the  leUtion  between  stress  and  derormation  for  four  common  building  materiaJB. 

The  portions  of  the  curves 
above  the  horizontal  axis  are 
for  tension;  the  portiona  be- 
low are  for  compression.  It 
will  be  noted  that  the  con- 
crete curve  (Fig.  4)  is  curved 
throughout.  Within  work- 
ing streaaes,  however,  the 
curve  varies  so  little  from 
a  striught  line  that  the 
modulus  of  elasticity  ia  aa- 
sumed  constant. 

20.  Shear  and  Tordon. 
IbadditioD  to  direct  Btresses, 
namely  tension  and  com- 
preseion,  bodies  may  be 
subjected  to  shear  and  tor- 
sion. Shear  is  caused  by  a 
force  tending  to  make  tbo 
part  of  a  body  on  one  side 
of  a  plane  slide  by  the  other 
design  and  occurs  in  other  members. 
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part.     This  is  an  important  stress  to  consider 

Tortion  is  twisting  stress.      It  is  seldom  of  importance  in  structural  design  although  it  may 

occur  in  such  members  as  spandrel  beams  with  rigidly  connected  slabs. 

SI.  Anal  and  Combined  Stresses. — When  a  force  acts  parallel  to  the  axis  of  a  member  and 
at  the  center  of  gravity  of  its  cross-section,  it  produces  what  is  called  (uiol  gtreas.     Such  stress 


Fio.  4. — Stre»BHlefoHD»tioi 
dUgrsm  loi  concrete. 


is  uniformly  distributed  over  the  cross-section.  A  force  parallel  to  the  axis  of  a  member  but  not 
acting  along  this  aids  is  called  an  eccentric  force.  II  is  equivalent  to  an  axial  force  of  like  amount 
and  a  couple  whose  moment  is  equal  to  the  product  of  the  force  by  the  normal  distance  from  the 
force  to  the  axis  of  the  member.     Thus  an  eccentric  force  as  described  above  produces  combined 
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stresses.  The  axial  stresses  may  be  considered  separately  from  those  due  to  moment,  and  the 
resulting  stresses  added  to  obtain  the  total  stress  at  any  point.  For  cases  of  combined  stresses 
which  are  not  parallel,  as  horizontal  and  vertical  shear,  or  shear  and  direct  stress,  the  combined 
stress  must  be  figured  by  methods  given  in  the  chapter  on  ^'Simple  and  Cantilever  Beams." 

22.  Beoding  Stress  and  Modulus  of  Rupture. — Bending  stresses  are  stresses  induced  by 
loads  perpendicular  to  the  member.  ModtUus  of  rupture  is  the  maximum  bending  stress 
computed  on  the  assumption  that  elastic  conditions  exist  until  failure.  Bending  stress  is  dis- 
cussed in  the  chapter  on  ''  Simple  and  Cantilever  Beams.  ** 

23.  Stiffness. — Stiffness  is  a  term  used  with  reference  to  the  rigidity  of  structural  members. 
In  columns  or  struts  it  refers  to  their  lateral  stability;  t.6.,  by  a  stiff  coliunn  is  meant  one  with  a 
small  ratio  of  length  to  least  radius  of  gyration,  as  compared  to  a  slender  column.  In  the  case 
of  beams,  stiffness  refers  to  lack  of  deflection  rather  than  to  strength. 

24*  Factor  of  Safety  and  Working  Stress. — The  stress  used  in  design  is  called  the  working 
or  allowable  stress.     It  is  obtained  by  dividing  the  ultimate  stress  by  the  factor  of  safety. 

The  working  stresses  usually  employed  apply  to  static  loads  only.  Proper  allowance  for 
the  dynamic  effect  of  the  live  load  should  be  taken  into  accoimt  by  adding  the  desired  amount 
to  the  live  load  to  produce  an  equivalent  static  load  before  applying  the  unit  stresses  in  pro- 
portioning parts.  An  allowance  for  impact  will  be  necessary  only  in  special  cases,  as  in  the  case 
of  floors  supporting  heavy  machinery.  The  amount  to  add  to  the  live  load  because  of  impact 
will  vary  from  25  to  100%  depending  upon  the  proportion  of  the  specified  live  load  which  may 
be  subject  to  motion. 

The  factor  of  safety  is  dependent  upon  many  things.  Among  the  most  important  are:  the 
reliability  of  the  material,  type  of  failure,  kind  of  loading,  and  consequences  of  failure. 

24a.  Reliability  of  the  Material. — There  is  always  the  possibility  of  the  indivi- 
dual piece  of  the  material  falling  below  the  average  strength  of  test  pieces.  Steel,  manufac- 
tured under  almost  laboratory  conditions,  is  the  most  reliable  of  materials.  In  common  practice 
it  is  used  with  a  factor  of  safety  of  about  4.  Timber,  on  the  other  hand,  varies  greatly 
in  strength  and  there  is  diffictdty  in  inspecting  and  testing  it  thoroughly.  It  has  therefore  been 
considered  as  somewhat  unreliable  and,  for  this^and  other  reasons,  safety  factors  as  high  as  10 
have  commonly  been  used.  At  the  present  time,  recent  tests  of  the  U.  S.  Forest  Service  and 
other  laboratories,  together  with  the  branding  of  timbers  by  some  lumber  associations  to  insure 
its  quality,  have  greatly  reduced  the  need  of  a  high  factor  of  safety  on  timber.  Cast  iron  is 
commonly  used  with  a  factor  of  safety  as  high  as  10,  partly  on  account  of  uncertainties  in  its 
manufacture  and  partly  on  account  of  its  method  of  failure.  Concrete  is  used  in  the  best 
practice  with  safety  factors  varying  from  about  3  for  bending  to  about  5  for  diagonal  tension. 
The  factor  of  safety  of  concrete,  however,  is  complicated  by  another  factor;  namely,  the  in- 
crease in  the  strength  of  the  material  with  age.  Working  stresses  are  based  upon  ultimate 
strengths  of  30-day  old  concrete.  At  the  end  of  a  year  the  strength  of  concrete  is  about  50% 
more  than  that  at  30  days. 

Possible  deterioration  of  materials,  such  as  reduction  of  section  in  exposed  steel  work, 
due  to  rust,  must  be  considered  in  connection  with  reliability. 

246.  Type  of  Failure. — Materials  which  fail  gradually  and  with  plenty  of  warning 
like  steel  are  obviously  entitled  to  a  lower  factor  of  safety  than  brittle  materials  like  cast  iron. 
Lumber  is  about  midway  in  this  range.  Concrete,  well  reinforced,  can  be  classed  with  steel  in 
method  of  failure,  while  plain  concrete  is  distinctly  in  a  class  with  cast  iron. 

24c.  Kind  of  Loading. — A  large  proportion  of  dead  load,  or  of.  live  load  fixed  in 
amount  and  point  of  application,  will  require  a  smaller  safety  factor  than  loads  largely  live 
and  uncertain.  Also  the  possibility  of  the  maximum  combination  of  loads  occurring,  and  the 
probable  duration  and  frequency  of  this  combination  must  be  considered.  A  common  illustra- 
tion of  this  point  is  the  allowance  of  a  higher  fiber  stress  (thus  lower  factor  of  safety)  in  build- 
ings, for  stresses  due  to  a  combination  of  maximum  live  and  wind  loads. 

24d  Consequences  of  Failure. — Where  loss  of  life  would  be  the  result  of  failure, 
the  factor  of  safety  must  be  such  as  to  make  work  safe  beyond  reasonable  doubt,  but  where  the 
loss  due  to  failure  would  be  material  only,  it  is  a  question  of  balancing  amount  of  loss  in  case  of 
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failure  and  probability  of  failure,  against  the  saving  by  using  a  higher  fiber  stress.  Thus  tem- 
porary consti notion  will  have  a  smaller  factor  of  safety  than  permanent  construction,  and  con- 
crete forms  a  lower  factor  than  floor  beams. 

26.  Working  Load  or  Safe  Load. — The  product  obtained  by  multiplying  the  cross-sec- 
tional area  of  a  column  or  tie  by  the  working  or  allowable  unit  stress  is  called  the  working  load 
or  safe  load  of  a  member.  For  a  beam,  the  safe  load  is  that  load  which  will  stress  the  most- 
stressed  fibers  to  the  allowable  unit  stress. 

26.  Ratio  of  Moduli  of  Elasticity  in  Combination  Members. — When  two  materials,  rigidly 
joined,  are  used  in  a  structural  member,  it  is  obvious  that  their  deformations  must  be  equal. 

By  definition,  J^  =  ~  or  /  =  Ed,     Therefore,  the  deformations  being  equal,  the  stresses  must  be 

proportional  to  the  relative  moduli  of  elasticity.     The  once-common  Flitch  girder,  composed 

of  wood  and  steel,  is  an  illustration  of  the  use  of  two  materials  in  the  same  member.    A  concrete 

member  reinforced  with  steel  is  a  more  common  illustration.     It  is  plain  that  in  a  reinforced- 

concrete  column  the  vertical  steel  rods  and  the  concrete  shaft  are  compressed  an  equal  amount. 

Let  this  unit  deformation  be  denoted  by  6,    The  concrete  stress  then  is/.  =  6Ecf  and  the  steel 

f       SP*        V  w  w 

stress  /,  =  5^,.     Thus  j  =  W  =  -g^,  and  /,  =  /e  p*.     The  ratio  -^  is  called  n.     The  modulus 

of  elasticity  of  steel  is  fairly  constant  at  30,000,000  lb.  per  sq.  in.  while  E  for  concrete  varies 
from  750,000  to  3,000,000  lb.  per  sq.  in.,  giving  values  of  n  from  40  to  10.  The  most  used 
values  are  n  =  16  for  1:2:4  concrete,  and  n  =  12  for  1 :  13^ :  3  concrete. 

27.  Bond  Stress. — The  combined  action  of  steel  and  concrete  is  dependent  upon  the  grip 
of  concrete  upon  steel,  called  bond.  Denoting  the  allowable  bond  stress  per  square  inch  by  li, 
the  load  which  a  rod  can  take  from  the  concrete  per  lineal  inch  is  t^rd  for  a  round  rod,  and  4im2 

for  a  square  rod.     The  allowable  stress  in  the  rod  is/,  -r-  for  round  rods  and/,d'  for  square  rods. 

The  length  of  embedment  of  a  straight  rod  necessary  to  develop  its  allowable  strength  is  there- 

fore  T-  (in  inches)  for  both  round  and  square  rods.     For  given  stresses  the  necessary  length  of 

embedment  is  easily  computed.     For  example,  let/,  =  10,000  lb.  per  sq.  in.  and  t*  =  80,  then 

I  =    .  y  ^^   =  31  +  diameters.     Bond  stress  in  reinforced  concrete  becuns  is  considered  in  the 

chapter  on  "Simple  and  Cantilever  Beams." 

28.  Shrinkage  and  Temperature  Stresses. — Shrinkage  is  a  function  of  materials  which  are 
poured  in  a  semi-liquid  state  and  then  harden  by  cooling  or  by  chemical  action.  Such  materials 
are  cast  iron  and  concrete.  A  cast-iron  member  should  be  designed  so  that  in  cooling  it  will 
not  shrink  unequally  and  cause  stresses  which  may  crack  it.  For  this  reason  adjacent  parts 
should  be  made  of  nearly  equal  thickness,  and  filets  should  be  used  at  all  angles  and  corners. 

Concrete  shrinks  when  setting  in  air  and  expands  when  setting  under  water  If  the  ends 
of  a  concrete  structure  be  rigidly  fixed,  stress  will  be  developed  equal  to  that  required  to  change 
the  length  by  the  amount  of  the  deformation  which  would  occur  if  the  ends  were  free,  or/  =  hE, 

All  bodies  change  in  length  with  changes  in  temperature,  expanding  with  heat  and  contract- 
ing with  cold.  The  coefficient  of  expansion  is  the  change  in  length,  per  unit  of  length,  per 
degree  change  in  temperature.  The  total  change  in  length  of  a  body  for  a  given  change  of  tem- 
perature may  be  found  by  multiplying  this  coefficient  by  the  length  and  the  change  of  tempera- 
ture in  degrees.  The  fact  that  the  coefficient  of  expansion  is  practically  alike  for  both  steel 
and  concrete  is  an  important  factor  in  their  combined  use.  As  in  the  case  of  shrinkage  stresses, 
a  tendency  to  change  of  length  in  a  member  fixed  at  the  ends  induces  stress  equal  to  that  which 
would  cause  the  computed  change  in  length;  that  is/  =  dE.  This  may  be  an  important  factor 
to  consider  in  almost  any  form  of  steel  or  concrete  construction.  In  wood  construction  there  is 
usually  sufficient  play  at  columns  to  take  up  any  expansion. 

29.  Poisson's  Ratio. — Whenever  bodies  elongate  under  stress,  they  shrink  laterally;  and 
conversely  when  Jjhey  are  compressed,  under  a  load,  they  expand  at  right  angles  to  the  direction 
of  the  load.  The  ratio  of  deformation  normal  to  stress,  to  deformation  parallel  to  stress  ia 
called  Poisson's  ratio.     This  is  commonly  taken  as  about  J^  for  metals  and  K  for  concrete. 
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PRINCIPLES  OF  STATICS 
By  Georgb  a.  Hool 

30.  Statics. — DefiniHon, — Statics  is  the  science  which  treats  of  forces  in  equilibrium. 

81.  Elements  of  a  Force. — A  force  acting  upon  a  body  is  completely  known  when  its 
general  direcHanj  point  of  application  and  magnUude  are  given. 

A  straight  line  with  arrowhead  may  be  used  in  representing  these  elements,  as  shown  in 
Fig.  5.  The  angle  that  the  line  makes  with  the  vertical  and  the  arrowhead  determine  the 
general  direction  of  the  force  exerted  upon  the  body  B  The  general  direction  and  the  point  of 
application  completely  determine  the  line  of  action. 

The  external  effect  of  a  force  upon  a  rigid  body  b  the  same,  no  matter  at  what  point  of  the 
body  along  the  line  of  action  the  force  is  applied. 

Forces  are  given  in  pounds  and  the  length  of  lines  are  measured  in  inches.  If  the  scale 
of  force  be  5000  lb.  to  the  inch,  a  line  0.20  in.  long  would  represent  a  force  of  1000  lb.;  that  is, 
6000  X  0.20  =  1000.     A  line  1.66  in.  long  would  represent  a  force  of  7760  lb.;  or,  vice  versa, 

7760 
7750  lb.  would  be  represented  by  a  line  ^^r^  =  1.65  in.  long.  t 

An  engineer's  scale  should  be  used  in  laying  off  the  lengths  of     f=bint  of        P*  V^5f^''^\ 
lines  to  represent  the  magnitude  of  forces,  or  in  scaling  such  lines.    ApplioaHon'-^ 
For  example,  assuming  the  scale  of  force  to  be  4000  lb.  to  the  inch 
and  using  the  scale  divided  into  40ths,  a  force  of  1760  lb.  would  be 
represented  by  a  line  17}^  divisions  in  length.     If  the  scale  of 
force  is  assumed  to  be  400  lb.  to  the  inch,  the  same  force  would  be  Fia.  5. 

represented  by  175  divisions. 

82«  Concentrated  Force. — A  concentrated  force  is  one  whose  place  of  application  is  so  small 
that  it  may  be  considered  to  be  a  point. 

88.  Distributed  Force. — A  distributed  force  is  one  whose  place  of  application  is  an  area. 
A  distributed  force  may  often  be  considered  as  a  concentrated  force  acting  at  the  center  of  the 
contact  area. 

84.  Concunent  and  Non-concurrent  Forces. — Forces  are  said  to  be  concurrent  when  their 
lines  of  action  meet  in  a  point;  non^concvrrent  when  their  lines  of  action  do  not  meet  in  this 
manner. 

86.  Coplanar  and  ITon-coplanar  Forces. — Forces  may  lie  in  the  same  plane  or  in  different 
planes;  that  is,  they  may  be  either  coplanar  or  non^coplanar  forces. 

86.  Equilibrium  of  Forces. — When  a  number  of  forces  act  upon  a  body  and  the  body  does 
not  move,  or  if  moving  does  not  change  its  state  of  motion,  then  the  forces  considered  are  said 
to  be  in  equilibrium.  Any  one  of  the  forces  balances  all  the  other  forces  and  it  is  called  the 
equHibrant  of  those  other  forces. 

87.  Resultant  of  Forces. — A  single  force  which  would  produce  the  same  effect  as  a  number 
of  forces  is  called  the  resuUarU  of  those  forces.  The  process  of  finding  the  single  force  is  called 
composition. 

It  is  evident  from  the  above  that  the  equilibrant  and  resultant  o^  a  number  of  forces  are 
equal  in  magnitude,  act  along  the  same  line,  but  are  opposite  in  direction. 

88.  Components  of  a  Force. — Any  number  of  forces  whose  combined  effect  is  the  same  as 
that  of  a  single  force  are  called  components  of  that  force.  The  process  of  finding  the  components 
is  called  resolution. 

89.  Moment  of  a  Force. — The  moment  of  a  force  with  respect  to  a  point  is  the  measure 
of  the  tendency  of  the  force  to  produce  rotation  about  that  point.  It  is  equal  to  the  magnitude 
of  the  force  multiplied  by  the  perpendicular  distance  of  its  line  of  action  from  the  given  point. 
The  point  about  which  the  moment  is  taken  b  called  the  origin  (or  center)  of  moments^  and 
the  perpendicular  distance  from  the  origin  to  the  line  of  action  is  called  the  lever  arm  (or  arm)  of 
the  force.  When  a  force  tends  to  cause  rotation  in  the  direction  of  the  hands  of  a  clock,  the 
moment  is  usually  considered  positive,  and  in  the  opposite  direction,  negative. 

40.  Couple. — A  couple  consists  of  two  equal  and  parallel  forces,  opposite  in  direction,  and 
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having  different  lines  of  action.  The  perpendicular  distance  between  the  lines  of  action  of  the 
two  forces  is  called  the  arm  of  the  couple.  The  moment  of  a  couple  about  any  point  in  the  plane 
of  the  couple  is  equal  to  the  algebraic  sum  of  the  moments  of  the  two  forces,  composing  the 
couple,  about  that  point.  (Algebraic  sum  of  the  moments  means  the  sum  of  the  moments  of 
the  forces,  considering  positive  moments  plus  and  negative  moments  mintis.) 

In  Fig.  6  assume  Fi  equal  and  parallel  to  Ft,  and  consider  these  forces  to  act  upon  the 
body  shown.     Fi  and  F^  wih  cause  rotation  of  the  body  and  this  rotation  will  occur  about  any 

point  in  the  same  plane  as  the  couple,  provided  the  body  is  pivoted  at 

that  point.     Consider  the  body  to  be  pivoted  at  O  in  the  same  plane 

with  the  foices.     The  moment  of  Fi  about  the  point  0  b  Fi(r  +  r'), 

and  the  moment  of  Ft  about  the  same  point  is  Fjr'.     The  moment  of  F» 

is  positive  and  the  moment  of  Fi  is  negative.     Then  the  moment  of 

the  couple  is  equal  to  F^r'  —  Fi(r  +  r')  =  — Fif.      The  moment  of  a 

couple  is  thus  equal  to  one  of  the  forces  multiplied  by  the  perpendicular 

distance  between  the  lines  of  action  of  the  forces.     Since  O  is  any  point 

in  the  plane  of  the  couple,  it  is  evident  that  the  moment  of  the  couple 

is  independent  of  the  origin  of  moments:  that  is,  a  couple  may  be  transferred  to  any  place  in 

its  plane  or  rotated  through  any  angle  and  its  effect  will  remain  the  same.     It  follows  also 

that  any  couple  may  be  replaced  by  another  of  the  same  moment  in  the  same  plane. 

41,  Space  and  Force  Diagrams. — In  solving  problems  in  statics  graphically,  it  is  convenient, 
in  all  except  the  most  simple  problems,  to  draw  two  separate  figures,  one  showing  the  lines  of 
action  and  the  other  the  magnitudes  and  directions  of  the  forces.  The  former  is  called  the  9p(ice 
diagram,  and  the  latter  the  force  diagram. 

Notation  used  in  the  graphical  solution  of  alLproblems  in  this  chapter  is  explained  in  Art. 
42d,  p.  9. 

42.  Composition,  Resolution  and  Equilibrium  of  Concurrent  Forces. 

42a.  Composition  of  Two  Concurrent  Forces. — In  Fig.  7  let  forces  Fi  and  F^ 
which  are  concurrent  forces  acting  at  the  point  0,  be  repre- 
sented in  magnitude  and  direction  by  OA  and  OB  respectively. 
From  5  draw  BC  paiailel  to  OA,  and  from  A  draw  AC  parallel 
to  OB,  Join  the  point  of  intersection  C  with  O.  The  line  OC 
represents  the  magnitude  of  a  single  force  R  which  would  pro- 
duce the  same  effect  as  the  forces  Fi  and  F^.  Thus  R  is  the  O 
resultant  of  Fi  and  Ff  A  force  equal  and  opposite  in  direc- 
tion to  R  and  with  the  same  line  of  action  would  be  the  equi- 
librant  of  Fi  and  Ft,  since  it  would  hold  them  in  equilibrium.  Fi  and  F2  are  components  of  R. 
It  is  not  necessary  to  construct  the  entire  parallelogram  since  either  triangle  OAC  or  OBC 
will  suffice.  Either  of  these  triangles  is  called  a  force  triangle  and  either  one,  if  constructed, 
is  sufficient  to  give  the  value  of  the  resultant  and  the  equilibrant  of  forces  Fi  and  F2. 

It  is  convenient  to  solve  the  force  triangle 
B     algebraically  where  the  angle  between  the  lines 
of  action  of  two  forces  is  90  deg.     In  Fig.  8  the 
/5    angle  between  the  lines  of  action  of  Fi  and  F^ 
is  90  deg.     It  is  required  to  find  the  value  of 
C    the  resultant  R.     Since  ABC  is  a  right  triangle 

lB»  =  AC*  +  BC^ 

The  direction  of  the  resultant  R  is  decided  by  the  angle  K.  K  may  be  determined  as 
follows : 


Fig.  7. 
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or 


tan  K  = 


BC 
AC 


Ft 
Fi 


425.  Resolution  of  a  Force  into  Components. — If  the  resultant  R  is  given  at 
the  point  0,  Fig.  9,  and  it  is  desired  to  obtain  two  components  of  R  parallel  to  the  lines  o'a'  and 
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o'h',  then  OC  is  first  drawn  equal  in  magnitude  and  parallel  to  R,  OB  is  drawn  from  O  parallel 
to  o'6',  and  CB  is  drawn  from  C  parallel  to  o'a'  and  the  lengths  of  the  lines  OB  and  BC,  when 
scaled  from  the  drawing,  give  the  magnitudes  of  the  two  components  desired. 

When  components  are  required  making  90  deg.  with  each  other,  the  magnitude  of  these 
forces  may  easily  be  determined  algebraically.  Thus,  if  i^  in  Fig.  8  is  known  and  the  compo- 
nents Fi  and  Ft  are  required^ 

Fi  ^  Rao&K 
Fi  '^  R  sin  K 

42c.  Equilibrium  of  Two  Concurrent  Forces. — If  R  in  Fig.  8  or  Fig.  9  had 
the  opposite  direction  to  that  shown,  the  direction  of  the  forces  would  follow  in  order  around 
the  sides  of  the  triangle.  A  force  opposite  in 
direction  to  R  and  with  the  same  line  of  action 
would  be  the  equilibrant  of  the  forces  Fi  and 
Ft  and  the  three  forces  would  be  in  equilibrium. 
Thus,  if  three  forces  be  represented,  in  magni- 
tude and  direction,  by  the  three  sides  of  a  tri- 
angle taken  in  order,  then,  if  these  forcee  be 
simultaneously  applied  at  one  point,  they  will 
balance  each  other.     Conversely,  three  forces 

which,  when  simultaneously  applied  at  one  point,  balance  each  other,  can  be  correctly  repre- 
sented in  magnitude  and  direction  by  the  three  sides  of  a  triangle  taken  in  order. 

42d.  Composition  of  Any  Number  of  Concurrent  Forces. — In  Fig.  10  assume 
that  the  resultant  of  the  four  concurrent  forces  Fi,  F2,  Fj,  and  F4  is  to  be  found.  This  may  be 
done  by  finding  the  resultant  of  two  forces,  then  by  combining  this  resultant  with  a  third 
force  to  find  a  second  resultant,  and  so  on  until  all  the  forces  are  combined  and  the  resultant 
of  all  the  forces  determined. 

The  resultant  of  the  force  Fi  and  Ft  is  Ri,  determined  by  the  force  triangle  RiFiFui  Ft« 
being  drawn  parallel  to  Ft.     In  the  same  manner  Rt  is  the  resultant  of  Ri  and  Fs,  also  Rt 

P  is  the  resultant  of  Rt  and  F4.    R%  or  R 

■"  -^ "••  •^  is  then  the  resultant  of  the  f oiu*  forces, 

Fi,  Ft,  Fs,  and  F4.      Fi,  Fta^  Fut  Fta, 
and  Ri  form  a  closed  polygon.     Fta, 
Fuf  and  Fia  are  parallel  and  equal  in 
magnitude  to  forces  Ft,  Fs,  and  F4 
respectively,    being    drawn    so.      A 
closed  polygon  called  the  farce  polygon 
can,  therefore,  be  drawn  by  drawing  in  succession,  lines 
parallel  and  equal  to  the  given  forces,  each  line  begin- 
ning where  the  preceding  one  ends  and  extending  in  the 
same  direction  as  the  force  it  represents.     The  line 
joining  the  initial  to  the  final  point  represents  the  re- 
sultant   in    magnitude   and  direction.      The  diagram 
ABODE  shows  the  polygon  as  it  is  generally  drawn 
with  the  diagonals  omitted.      It  makes  no  difference  in 
what  order  forces  are  arranged  in  the  force  polygon 
since  the  magnitude  and  direction  of  the  resultant  ob- 
tained will  be  the  same. 

Notation  used  in  the  graphical  solution  of  all 
IN*oblems  in  this  chapter  is  shown  in  Fig.  10.  In  the  space  diagram  a  force  is  designated  by 
small  letters  placed  on  each  side  of  its  line  of  action.  In  the  force  diagram  corresponding  capital 
letters  are  placed  at  each  end  of  the  line  representing  the  magnitude  of  the  force.  For  ex- 
ample, force  Ft  is  designated  by  the  letters  6c  in  the  space  diagram  and  by -the  line  BC  in  the 
force  diagram.     The  space  between  Fi  and  Ft  in  the  space  diagram  is  known  as  the  space  h. 


Diagram 
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The  resultant  of  any  number  of  concurrent  forces  may  be  found  algebraically  in  the  fol- 
lowing manner:  Resoive  each  force  algebraically  into  components  Fg  and  Fy  parallel  to  lines 
X  and  Y  respectively,  lines  X  and  Y  being  any  lines  at  right  angles  to  each  other  and  called 
rectangular  axes.  Let  R  represent  the  resultant  of  all  forces  acting  at  the  given  point;  ZF, 
the  algebraic  sum  of  the  components  along  the  line  X ;  and  ZFy  the  algebraic  sum  of  all  the  forces 
along  the  line  Y.  ZF,  will  then  be  the  component  of  R  along  the  line  X  and  SFy  will  be  the 
component  along  the  line  Y.    The  magnitude  of  12  is  then  given  by  the  formula 

R  -  \/(SF,)*  4-  (2n)« 
and  its  direction  by 


tan  $ 


e  being  the  angle  between  the  resultant  R  and  the  line  X.    Particular  attention  should  be  paid 
to  the  signs  of  xFg  and  SFy  in  order  to  properly  determine  the  direction  of  the  resultant. 

426.  Equilibrium  of  any  Number  of  Concturent  Forces. — ^The  arrow  of  the 
resultant  R  in  Fig.  10  opposes  the  an*ows  of  the  other  forces  in  following  around  the  force 
polygon.  A  force  equal  and  opposite  to  R  would  be  the  equilibrant  of  the  forces  or,  in  other 
words,  the  forces  would  be  in  equilibrium.  Thus  if  a  closed  force  polygon  can  be  drawn  for  a 
system  of  concurrent  forces,  the  forces  considered  are  in  equilibrium ;  and  conversely,  that  for 
a  system  of  concurrent  forces  in  equilibrium  the  force  polygon  must  close. 

Suppose  a  number  of  forces  in  equilibrium  and  acting  at  a  single  point  on  a  given  body 
be  resolved  into  components  in  two  directions  at  right  angles  to  each  other;  horizontal  and  ver- 
tical, for  example.  The  body  will  evidently  be  in  equilibrium  under  the  action  of  these  com- 
ponent forces  since  they  produce  the  same  effect  as  their  resultants.  Moreover,  the  component 
forces  along  each  line  must  balance  or  the  body  would  move  along  that  line.  The  condition 
of  equilibrium  may  now  be  stated  in  a  different  way  than  above,  by  saying  that  the  algebraic 
sums  of  the  components  of  the  forces  along  each  of  two  lines  at  right  angles  to  each  other  must 
equal  zero.  (By  algebraic  sum  is  meant  the  sum  of  the  forces  considering  one  direction  plus 
and  the  opposite  direction  minus:) 

liet  ZH  represent  the  algebraic  sum  of  the  components  along  a  horizontal  line  and  let 
ZV  represent  the  algebraic  sum  of  the  components  along  a  vertical  line.  Then  a  special  case  of 
the  above  condition  of  equilibrium  would  be  IH  =  0  and  SK  =  0. 

Problems  in  the  equilibrium  of  concurrent  forces  may  be  solved  either  graphically  or 
algebraically  if  the  number  of  unknowna  is  not  greater  than  two.  In  the  graphical  method  the 
two  unknowns  may  be  determined  by  the  closure  of  the  force  polygon,  while  in  the  algebraic 
method  the  two  unknowns  may  be  found  by  means  of  two  independent  equations  made  possible 
by  the  conditions  above  stated.  The  two  unknowns  which  may  be  determined  in  any  given 
case  are  the  magnitude  and  direction  of  one  force,  the  magnitudes  or  directions  of  two  forces, 
or  the  magnitude  of  one  and  the  direction  of  the  other. 

lUustrative  Problem. — A  boom  AB,  Fig.  11,  is  supported  in  a  horisontal  position  by  a  cable  AC  which  makes 
an  angle  of  30  deg.  with  the  boom.  A  load  of  3000  lb.  is  carried  at  point  A,  Determine  the  compression  in  the 
boom  AB  and  the  tension  in  the  CAble  AC. 

The  concurrent  forces  at  A  are  in  equilibrium  and  these  forces  are  all 
known  in  direction.     Two  are  unknown  in  magnitude. 

Since  Fi  is  horisontal,  the  vertical  component  of  P  must  equal  3000  lb. 
in  order  that  ZV  may  equal  sero  at  the  point  A. 

F  sin  30°  -  3000 

F  =  6000  lb. 
In  order  that  ZH    -  0 

Fi  -  F  cos  30° 
Fi  -  6200  lb. 
UlttstratiTe  Problem. — The  crane  truss  shown  in  Fig.  12  is  loaded  with 
p^Q    J I  3000  lb.  at  L.     Determine  the  stresses  in  the  boom  ac;  the  tie  ab;  the  mast 

ad;  and  the  stay  bd, 

LM^  -=   8*  +  152  i;^2  -  20»  +  16'  MP*  -  12'  +  9* 

LM    -  17  LN    -  25  MP    -  15 
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At  the  point  L  three  forces  are  acting;  namely,  the  3000-lb.  load,  the  etrees  F  in  the  tie  ab,  and  the  stress  Fi 
in  the  boom  ae.  Draw  the  force  polygon  ABC  by  laying  off  the  vertical  line  BC  equal  to  3000  lb.  (since  weight  al- 
ways acts  vertically)  and  drawing  BA  and  CA  parallel  to  F  and  Fi  respectively. 

Since  thei«  is  equilibrium  in  the  crane  truss,  the  forces  acting  at  the  point  L  are  in  equilibrium.  Hence,  the 
force  polygon  should  close  and  the  forces  should  act  in  order  around  the  polygon.  If  the  drawing  is  made  to  scale, 
the  lines  BA  and  CA  represent  directly  the  magnitude  and  direction  of  F  and  Fi.  It  should  be  noticed  that  trian|[^e 
AMC  is  similar  to  triangle  LMN  and  it  is  not  necessary  to  construct  a  separate  force  polygon  if  the  crane  truss  is 


^mAmmmmmmA. 


mmm^^^^^^^^' 
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drawn  to  some  scale  in  the  first  place.  For  example,  if  the  scale  used  for  drawing  the  truss  is  1  in.  *  2  ft.  then 
M^f  i*  6  in.  But  MN  represents  a  force  of  3000  lb.,  hence,  the  scale  used  for  determining  the  forces  should  be 
1  in.  -  500  lb. 

F  and  Fi  may  also  be  solved  algebraically  as  follows: 

LM      17      _P_ 
MN  "  12  "  3000 

F  =  4250  lb. 

LN       25       jPi_ 

MN  "  12  "  3000 

Fi  -  0250  lb. 

It  will  be  noticed  that  the  stress  Fi  acts  toward  the  p<Mnt  L  or,  in  other  words,  it  is  the  stress  acting 
against  the  shortening  of  the  member  LiV,  thus  denoting  compression.  The  force  F  is  the  stress  acting  against  the 
lengthening  of  the  member  LM,  thus  denoting  tension.  We  know  this  to  be  true,  and  we  have  then  a  general  rule, 
that,  when  a  force  is  shown  by  the  force  polygon  to  act  toward  the  point  of  application  of  the  forces,  the  stress 
caused  is  compression,  and,  when  a  force  is  shown  to  act  away  from  the  point  of  application  of  the  forces,  the 
stress  caused  is  tension. 

A  force  polygon  ABD  should  next  be  drawn  for  the  forces  at  the  point  M.  The  force  F  is  now  known  and  the 
two  unknown  forces  Ft  and  F»  may  be  found  in  the  same  manner  as  the  forces  F  and  Fi  were  obtained  from  the  force 
3000.  In  fact  it  should  be  remembered  that  when  the  forces  of  a  concurrent  system  in  equilibrium  are  all  known 
except  two,  the  magnitudes  and  directions  of  these  two  forces  may  be  determined  if  only  their  lines  of  action  are 
known. 

Binoe  the  tangents  of  the  two  angles  MPN  and  LNK  are  each  equal  to  ^.  the  angles  themselves  are  equal  and 
MP  is  paralld  to  LN.  Thus,  the  force  polygon  drawn  for  the  three  forces  F,  Fi,  and  Ft,  is  similar  to  triangle  LMN. 
If  the  crane  truss  is  drawn  to  scale,  no  separate  force  polygon  is  needed.  MN  and  LN,  if  properly  scaled,  will 
gjye  the  magnitude  and  direction  of  Ft  and  Fs.  However,  it  is  not  even  necessary  to  scale  the  forces  in  this  case 
ftBoe  it  is  evident  that  Ft  and  F»  are  equal  in  magnitude  and  that  Ft  is  equal  to  the  weight;  that  is,  3000  lb. 

We  know  F  to  be  tension,  hence,  we  should  represent  it  as  acting  away  from  the  point  M.  The  arrows  must 
follow  in  order  around  the  force  triangle  ABD,  consequently.  Ft  is  compression  and  Fi  is  tension. 

Ft  and  Ft  may  also  be  solved  independently  as  follows: 

LM       17       4250 
If  AT  "  12  "    Ft 

Ft  "•  3000  lb.  (same  as  the  weight). 
LM       17      4260 
LN  "  25"    Ft 


Ft  -  6250  lb.  (same  as  Fi). 


Answers 


(F  ^  4250 lb.  (tension) 

6250  lb.  (compression) 
3000  lb.  (compression) 
6250  lb.  (tension) 


['■'■ 
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48.  Composition  and  Equilibrium  of  Non-concuirent  Forces. 

48a.  Gtaphical  Method. — When  several  forces  lying  in  the  same  plane  and 
acting  on  a  given  body  have  different  points  of  application,  so  that  their  lines  of  action  do  not 
intersect  in  the  same  point,  the  magnitude  of  the  resultant  may  be  found  graphically  by  com- 
pounding the  forces  in  the  same  manner  as  in  concurrent  systems.  Two  of  the  forces  may  be 
produced  until  they  intersect  and  their  resultant  found,  then  the  resultant  of  these  two  forces 
compounded  with  a  third,  then  the  resultant  of  the  first  three  compounded  with  the  fourth,  and 
so  on  imtil  the  resultant  of  all  has  been  found. 

For  example,  it  is  required  to  determine  the  resultant  of  the  four  forces  shown  in  Fig.  13 
(a)  which  act  on  a  given  body.  Produce  forces  Fi  and  Fj  until  they  meet  at  the  point  o.  The 
resultant  of  these  forces  is  i2i,  the  magnitude  and  direction  of  which  is  determined  by  the  force 
triangle  ABC  in  Fig.  13  (6).     Produce  Ri  until  it  intersects  the  third  force  Ft  at  m.    Rt  is  the 

resultant  of  Fa  and  Ri^ 
determined  by  the  force 
triangle  ACD,  Produce 
Ri  until  it  intersects  the 
force  F4  at  n.  R  is  the 
resultant  of  F4  and  Rty 
determined  by  the  force 
triangle  ADE^  and,  con- 
sequently, R  is  the  re- 
sultant of  the  four  given 
forces. 

It    will    be  noticed 

\Y''  \     ^'       "^C    that  Fig.  13  (6)  is  a  force 

'/\     ^^^  polygon    for    the   given 

^  ^  /% )     y^^  forces,  and  the  resultant 

of  all  the  forces  is  repre- 
sented by  the  closing  line 
AE,  There  is,  then,  the  same  general  rule  for  non-concurrent  forces  as  for  concurrent  forces; 
namely,  that  the  magnitude  of  the  resultant  of  any  number  of  forces  acting  in  the  same  plane 
may  be  foimd  by  constructing  the  force  polygon  and  scaling  the  closing  side.  The  line  AE 
also  shows  the  direction  of  the  resultant  i2,  but  note  that  it  does  not  give  a  point  on  its  line  of 
action.  A  point  in  the  line  of  action  of  the  resultant  cannot  be  determined  unless  the  construc- 
tion of  Fig.  13  (a)  (or  its  equivalent)  is  made.  A  force  equal  and  opposite  to  R  and  having  the 
same  line  q{  action  would  balance  the  forces  acting  and  the  system  would  be  in  equilibrium. 

Forces  Nearly  Parallel. — The  graphical  method  already  explained  for  finding  a  point  such 
as  n,  Fig.  13  (a),  on  the  line  of  action  of  the  resultant,  cannot  always  by  conveniently  used. 
If  the  forces  are  parallel,  or  nearly  so,  it  is  not  easy  to  obtain  the  intersection  of  the  forces  and, 
consequently,  a  different  construction  is  necessary.  The  diagram  that  is  used  for  such  cases 
is  called  the  equilibrium  polygon.  The  force  polygon,  however,  is  needed  to  find  the  magnitude 
and  direction  of  the  resultant,  the  same  as  before. 

Consider  the  four  forces  shown  in  Fig.  14  (a).  The  force  polygon  ABODE  for  these  forces 
is  reproduced  in  Fijg.  14  (6).  The  line  AE  gives  the  magnitude  and  direction  of  the  resultant 
R.  Select  any  point  O  and  draw  the  lines  OAj  OB,  OCj  ODj  and  OE  to  the  vertices  of  the  force 
polygon. 

In  the  force  triangle  ABO,  BO  and  OA  represent  the  magnitudes  and  directions  of  two  forces 
ho  8md  oa  which  balance  Fi,  (The  notation  used  is  explained  in  Art.  42d.)  Select  some  point 
1  on  the  line  of  action  of  Pi  and  draw  the  lines  ho  and  oa  parallel  to  BO  and  OA  respectively. 
The  force  60  intersects  the  force  Ft  at  the  point  2.  In  the  triangle  BCOj  forces  CO  and  OB  hold 
P2  in  equilibrium.  At  the  point  2  draw  co  parallel  to  CO  until  it  meets  the  force  Ft  at  3.  In  the 
triangle  CDO,  forces  DO  and  OC  balance  the  force  F|.  At  the  point  3  draw  do  parallel  to  DO 
until  it  meets  the  force  F4  at  the  point  4.  At  the  point  4,  draw  eo  parallel  to  EO  until  it  meets 
the  line  of  action  of  oa  at  point  5.     It  should  be  noted  that  forces  eo  and  oa  are  the  only  forces 


(<^) 
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in  the  equilibrium  polygon  which  so  far  have  not  been  balanced  by  equal  and  opposite  forces. 
As  shown  by  the  force  polygon  0 ABODE,  these  two  forces  hold  in  equilibrium  the  four  forces 
f  I,  Fty  F|,  and  F4.  The  force  triangle  AEO  shows  these  forces  to  hold  also  the  resultant  R  in 
equilibrium.  Therefore  a  line  drawn  through  the  point  5  in  the  equilibrium  polygon  parallel 
to  ^  J?  of  the  force  polygon  gives  the  line  of  action  of  R. 

The  point  0  in  Fig.  14  (6)  is  called  the  pole;  OA,  OB,  00,  etc.,  are  called  rays;  and  the  lines 
1—2,  2-3,  etc.,  in  Fig.  14  (a)  are  called  strings. 

Since  O  is  any  point  that  may  be  selected,  it  should  be  taken  so  that  it  will  be  most  con- 
venient for  the  solution  of  the 
given  problem  and  never  on  the 
closing  line  AE  since  then  the 
strings  oa  and  oe  become  par- 
allel to  AE  and  hence  parallel^ 
to  each  other.  It  should  be 
remembered  that  the  magni- 
tude and  direction  of  the  re- 
sultant of  any  nimiber  of  non- 
concurrent  forces  is  given  by 
the  force  polygon  and  a  point 
on  its  line  of  action  by  the  equi- 
librium polygon.  The  force 
polygon  must  first  be  drawn 
and  the  resultant  determined 
in  both  magnitude  and  direc- 
tion by  the  closing  side.  The 
pole  O  should  next  be  selected  and  the  rays  drawn,  to  which  the  strings  of  the  equilibrium 
polygon  should  be  made  respectively  parallel.  The  line  through  the  intersection  of  the  first 
and  last  strings  parallel  to  the  direction  of  the  resultant  in  the  force  polygon  is  the  line  of 
action  of  the  resultant. 

If  the  force  R  acted  in  the  opposite  direction,  the  system  would  be  in  equilibriiun  and  the 
forces  would  follow  in  order  around  the  force  polygon.  The  system  in  equiUbrium  would  then 
be  forces  Fi,  Ft,  F%,  and  F^  and  a  force  equal  and  opposite  to  R  acting  through  the  point  5. 
If  the  force  equal  and  opposite  to  R  should  be  placed  to  one  side  or  the  other  of  the  point  5, 

but  still  parallel  to  its  direction  as  shown 
by  the  force  polygon,  the  intersection  of 
oe  and  oa  would  not  fall  on  its  line  of 
action.  We  would  then  say  that  the 
equilibrium  polygon  did  not  close. 
Thus,  it  is  easily  seen  for  a  given  system 
of  forces  that,  even  if  the  force  polygon 
closes,  the  equilibrium  polygon  may  not 
close. 

When  the  force  polygon  closes  and 
the  equiUbrium  polygon  does  not,  the 
result  is  that  of  couple.  For  such  a  case 
the  resultant  of  the  forces  Fi,  Ft,  Fz,  and 
F4  would  not  be  in  the  same  line  of  action  as  the  remaining  force  and  equilibrium  could  not 
result.      Equilibrium  exists  when  the  moment  of  the  couple  is  zero. 

Parallel  Forces. — The  method  is  the  same  as  shown  for  forces  nearly  parallel  (Fig.  14). 
Fig.  15  shows  the  construction  necessary  to  find  the  resultant  of  the  four  parallel  forcoa  Pi, 
Ft,  Ft,  and  F^, 

486.  Algebraic  Method. — The  resultant  of  any  number  of  non-concurrent  forces 
may  be  foimd  algebraically  in  the  following  manner:  Resolve  each  force  algebraically  into  com- 
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ponento  F,  and  Fy,  parallel  respectively  to  X  and  Y  axes.  Then  according  to  Art.  42(2,  the  mag- 
nitude  of  i2  is  given  by  the  equation 

R  -  VT2F,)»  +  (2FJ» 

and  the  angle  it  makes  with  the  X  axis  is  given  by 

ZF, 

Its  line  of  action  is  found  by  placing  its  moment  about  any  point  equal  to  the  algebraic  sum  of 
the  moments  of  the  forces  with  respect  to  the  same  point.  If  the  moment  arm  of  the  resultant 
is  denoted  by  a,  and  the  moment  arms  of  the  several  forces  by  ai,  at,  etc.,  then 

Ra  =  Fiai  +  FfOt  +  etc. 

If  a  force  is  applied  equal  and  opposite  to  R  and  in  the  same  line  of  action,  the  system  of 
forces  will  be  in  equilibrium.  Let  ZM  represent  the  algebraic  sum  of  the  moments  about  any 
point.     For  equilibrium,  then, 

2F,  =0         2Fy  =  0         2Jlf  =  0 

In  practice  it  is  common  to  use  horizontal  and  vertical  axes,  for  which  ca«e  the  above  equa- 
tions may  be  written: 

2H  =  0        27  =  0        2Af  =  0 

Problems  in  the  equilibrium  of  non-concurrent  forces  may  be  solved  if  the  number  of 
unknowns  is  not  greater  than  three.  Three  independent  equations  may  be  written,  employing 
the  three  algebraic  conditions  above  stated,  and  solving  these  equations  simultaneously  in  any 
given  case  gives  the  three  \mknowns.  It  is  often  convenient  to  use  two  moment  equations  and 
either  XH  =  0  or  2  V  =  0.     A  new  moment  center  must  be  taken  each  time  2Af  =  0  is  used. 

The  three  unknowns  usually  desired  may  be  classed  under  three  general  cases;  namely, 
where  the  following  unknowns  are  required:  (1)  point  of  application,  direction  and  magnitude 
of  one  force  (that  is,  the  force  is  wholly  unknown) ;  (2)  magnitudes  of  two  forces  and  the  direc- 
tion of  one  of  these  forces ;  and  (3)  magnitude  of  the  three  forces.  The  first  case  is  nothing  more 
than  the  finding  of  the  resultant  of  a  system  of  non-concurrent  forces. 

A  special  case  in  the  solution  of  non-concurrent  forces  occurs  when  all  the  forces  considered 
are  parallel.  Then  the  number  of  independent  equations  reduces  to  two  and  it  is  possible, 
therefore,  to  deteimine  but  two  unknowns,  namely:  (a)  point  of  application  and  magnitude 
of  one  force;  and  (b)  magnitude  of  two  forces. 


300/d.  ^'^ 


DlostntiTe  Problem. — Find  the  reeultant  of  the  three  vertical  forces  shown  in  Fig.  Id. 
Since  the  forces  are  all  vertical,  XH  ■■  0,  and  the  resultant  must  also  act  in  a  vertical  direction.     Consider 

downward  forces  positive  and  upward  forces  negative.     The  magnitude  of 
^QQfl),  the  resultant  may  be  found  as  follows: 

R    -300  +  100-200 

—  200  lb.,  acting  down  (since  the  result  is  positive). 

\^      \ J         It  will  be  noticed  that  a  force  equal  and  opposite  to  R  would  make  the 

^Q  forces  in  equilibrium. 

It  is  now  necessary  to  find  the  point  of  application  of  the  resultant  R. 

2nnjh  ^^  ^^®  point  of  application  in  this  case  is  meant  a  point  on  the  line  of 

action  of  the  resultant. 

'^^'  16*  The  algebraic  sum  of  the  moments  about  the  point  o  is  equal  to 

(300) (2)  +  (100)(8)  +  (200)  (2)  -  1800  ft.-lb.     The  resulting  force  is  200  lb. 

and  the  problem  resolves  itself  into  finding  how  far  from  the  point  o  the  200  lb.  should  be  placed  to  have  the  same 

effect  as  the  three  loads  shown,  or,  in  other  words,  how  far  away  from  o  a  load  equal  and  opposite  to  the  20(Hb. 

resultant  should  be  placed  in  order  to  cause  equilibrium.      Thus,  ZAf  >-  0  may  be  used  to  find  this  distance 

1800  ft.-lb.       ^  ,*   *    ..       .  .  X    , 
-—    g —  =  9  ft.  to  the  right  of  o. 

It  should  be  noted  that  the  computations  would  have  been  more  simple  if  the  point  x  had  been  selected  instead 
of  the  point  o— that  is,  the  work  would  have  been  simplified  by  taking  the  origin  on  the  line  of  action  of  one  of  the 
orces.     The  computations  for  that  case  would  be  arranged  as  follows: 

("«»«) +^(>«')<W  _  „  ft.  to  th.  right  of  X. 
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lUastnitiTe  Problem. — The  beam  AB  (Fig.  17)  is  14  ft  lone  and  loaded  as  shown.  It  is  simply  supported  at 
A  and  C.  (a)  Determine  the  supporting  forces  due  to  the  three  given  loads,  (b)  Determine  the  supporting  forces, 
including  the  weight  ol  the  beam  which  is  50  lb.  per  lin.  ft. 

(a)  «  -  200  +  300  +  400  -  900  lb.,  acUng  down. 
F  +  Fi  -  «  -  900  lb. 


Y 


Fxo.  17. 
Origin  at  A: 


Fig.  18. 


(200)  (4)  +  (300)  (8)  +  (400)  (14)  -  12Fi 
Pi  -  733  lb. 
F   -  900  -  733  -  167  lb. 


(6)  Wt.  of  beam    -  (50)  (14)  -  700  lb. 
i?  -  900  +  700  -  1600  lb. 

(200)  (4)  +  (300)  (8)  +  (400)  (14)  +  (700)  (7)  -  12Fi 
Fi  -  1142  lb. 
F  -  1600  -  1142  -  468  lb. 


Anwpera 


(  P    -  167  lb. 
\  Fi  -  733  lb. 


Ansivera 


{'.-. 


458    lb. 
1142  lb. 
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nittstratiTe  Problem. — Find  the  reactions  of  the  roof  truss  shown  in  Fig.  18  for  the  loads  assumed.  Solve  by 
both  the  algebraic  and  gnM[>hical  methods.  The  truss  is  fixed  at  A.  Rollers  are  placed  at  B  so  that  the  reaction 
at  the  right  end  acts  at  right  angles  to  the  supporting  surface — that  is,  vertically. 

XM  -  0.     Origin  at  A. 

laOOO^  +  4800  (6)  -  5072  -  0. 

Vi  «-  3080  lb.,  acting  up. 
XV  -  0. 

3080  +  Vi  -    10.000  -  0 

Vi  -  6920  lb.,  acting   up. 
XH  -  0. 

4800  -  fTi  -   0. 

^1  -  4800  lb.,  acting  toward  the  left. 

Ri  -  V  6920*  +  4800«  -  8420  lb.,  acting  as  shown. 

Pig.  19  shows  bow  the  reactions  are  obtained  by  means  of  the  force  and  equilibrium  polygons.  The  oon- 
stmction  is  as  follows:  Draw  P,  the  resultant  of  the  10,000  and  4800  lb.  loads,  in  the  force  polygon.     Choose  pole 
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O.  Draw  rmyn  OA  mmI  OB.  Draw  stringB  oa  and  ob  so  that  oa  passee  throuch  the  point  of  support  A,  A  bein<  a 
known  point  in  the  line  of  action  of  Ru  Draw  the  dosing  line  oc  of  the  equilibrium  polygon.  Draw  ray  OC  in  foree 
polygon  corresponding  to  the  closing  line  oc.  Knowing  Ft  to  be  vertical,  its  magnitude  is  easily  determined.  Ri 
is  the  closing  side  of  the  force  polygon  in  magnitude  and  direction.  Draw  a  line  through  A  parallel  to  Ri  ot  the  force 
polygon,  thus  giving  the  line  of  action  of  the  left  reaction. 

Fig.  20  shows  how  the  reactions  are  obtained  by  pro- 
ducing the  forces  until  they  intersect.  4n  many  cases  the 
intersection  method  cannot  be  used  because  the  point  of 
intersection  lies  outside  the  limits  of  the  drawing. 

44.  Center  of  Gravity. — The  center  of  grcunty 
of  a  body  is  the  point  through  which  the  resultant 
^  of  all  the  parallel  forces  of  gravity,  acting  upon 
[yr  the  body,  passes  for  every  position  of  the  body. 
The  resultant  of  any  set  of  these  parallel  forces 
^  of  gravity  is  the  iceight  of  the  body.  If  a  force 
equal  and  opposite  in  direction  to  this  resultant 
is  applied  in  a  line  passing  through  the  center  of 
gravity  of  the  body,  the  body  will  be  in  equilibrium.  A  force  of  gravity  exists  for  each 
particle  composing  the  body. 

In  designing  structures  it  is  frequently  necessary  to  deal  with  the  center  of  gravity,  or 
centroid,  of  areas.  The  center  of  gravity  may  usually  be  found  by  some  simple  geometrical 
construction  but  for  irregular  figures  it  is  convenient  to  divide  the  area  into  sections  whose 
gravity  centers  may  be  easily  obtained,  such  as  rectangles  and  triangles.  By  treating  these 
sectional  areas  as  a  system  of  parallel  coplanar  forces,  the  center  of  gravity  may  be  found  since 
it  is  the  point  through  which  the  line  of  action  of  the  resultant  passes  in  whatever  direction 
the  parallel  forces  are  assumed  to  act.  It  is  only  necessary  to  find  the  line  of  action  of  the 
resultant  with  respect  to  two  axes  at  right  angles  to  each  other  since  the  intersection  of  the  two 
resultants  so  found  will  give  the  center  of  gravity  of  the  area  for  all  axes. 

The  center  of  gravity  of  a  rectangle  is  evidently  at  the  intersection  of  the  diagonals.  The 
center  of  gravity  of  a  circle  or  regular  polygon  is  at  the  geometrical  center  of  the  figure.  To 
find  the  center  of  gravity  of  a  triangle  draw  a  line  from  each  of  two  vertices  to  the  middle 
of  the  opposite  side.  The  point  of  intersection  of  the  two  bisectors  is  the  center  of  gravity  of 
the   triangle   and   lies   at   a   distance  from   any 


vertex  equal  to  two-thirds  of  the  length  of  the 
corresponding  bisector. 


-/5'4 


.j/.4-...> 


Ctnftr  of) 
gravity 


^ 


irN 


1 


<- 


FiQ.  21. 


Fig.  22. 


niustrative  Problem. — A  rod  of  uniform  section,  15  in.  long  and  weighing  10  lb.,  supports  weights  of  5  lb.,  10  lb., 
15  lb.,  and  20  lb.  The  5-Ib.  and  20-lb.  weights  are  supported  at  the  ends  and  the  other  two  weights  are  equally 
spaced  along  the  rod  in  the  order  shown  (Fig.  21).     Find  the  point  at  which  the  rod  will  balance. 

The  weight  of  the  rod  may  be  assumed  to  be  concentrated  at  its  center.  Taking  moments  about  the  end  at 
which  the  5-lb.  weight  is  hung,  we  have 


Rxo 
R 

Xo  - 


5(0)  +  10(5)  +  10(7.5)  + 
5  -f-  10  +  10  +  16  +  20  - 
575 


15(10)  +  20(15) 
60  1b. 


575  in.-lb. 


00 


-  9.58  in. 
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lUiistnitiTe  Problem.—- Locate  the  center  of  gravity,  or  centroid,  of  section  shown  in  Fig.  22. 
Divide  the  figure  into  two  rectangles  and  denote  total  area  by  A.     The  center  of  gravity  of  each  rectangle  is  at 
its  center.     The  gravity  axis  1-1  may  be  located  by  taking  moments  about  MN,   or 

Ay,  -  (4H  X  H)(2>^)  +  (3  X  H)(H)  -  644  in.« 

6.44 
''•"3776 


i)  +  (3  X  H) 
-  1.46  in. 


.76  in.* 


The  gravity  axis  2-2  may  be  located  in  a  similar  manner  by  taking  moments  about  ST,  or 

(3H  X  H)OH)  +  (4  X  HHH) 


Xo  — 


3.76 


0.96  in. 


The  intersection  of  axes  1-1  and  2-2  determines  the  centroid  of  section. 

46.  Moments  of  Forces. — The  moment  of  a  system  of  forces  about  a  given  point  is  equal 
to  the  algebraic  sum  of  the  moments  of  the  forces  composing  the  system  about  the  same  point. 

The  moment  of  a  system 
of  forces  about  a  given  point 
may  be  found  graphically  in 
the  following  manner : 

Let  Ft,  Fty  Ft,  and  F4,  Fig. 
23,  be  the  given  system  of 
forces  and  let  A;  be  the  point 
about  which  the  moment  is 
required.  Draw  the  force  and 
equilibrium  polygons  as  de- 
scribed in  Art.  43a  and  deter- 
mine the  resultant  R  in  both 
magnitude,  direction,  and  line 
of  action.  The  distance  H  in 
the  force  polygon  is  called  the 

pole  distance  of  the  resultant  R.  Draw  through  k  a  line  parallel  to  R  and  intersecting  the 
strings  oa  and  oe&t  A'  and  E'  respectively.  The  triangles  AOE  and  A'O'E'  are  similar  (sides 
respectively  parallel)  and 


FiQ.  23. 


y 


^ -^or  Rr  ^  Hy 


Therefore 

M  ^  Rr  ^  Hy, 

H  is  measured  in  pounds  to  the  scale  of  the  force  diagram  and  y  is  measured  in  units  of  length 
to  the  scale  of  the  space  diagram. 

For  parallel  forces  the  method  is  the  same  as  given  above. 


REACTIONS 
Bt  George  A.  Hool 

46.  General  Considerations. — The  finding  of  the  reactions  of  a  structure  having  two 
points  of  support — such  as  the  simple  beam,  girder  or  truss — is  a  problem  in  the  equilibrium 
of  non-concurrent  forces.  >s  shown  in  Art.  436,  the  problem  may  be  solved  if  the  number  of 
unknowns  is  not  greater  than  three.  Three  independent  equations  may  be  written  employing 
tho  following  throe  eqtiatioas  of  statics: 

2^  =  0  2F  =  0  2ikr  =  0 

Solving  these  equations  simultaneously  in  any  given  case  gives  the  three  unknowns.     The  three 
unknowns  may  also  be  found  graphically  as  explained  in  Art.  43a. 

Instead  of  the  three  equations  of  statics  as  given  above,  it  is  often  convenient  to  use  two 
moment  equations  and  either  'LH  =  0  or  2V  =  0.  A  new  moment  center  must  be  taken  each 
time  ZM  »  0  is  used. 

Referring  to  Fig.  24,  it  will  be  seen  that  sbc  conditions  are  needed  in  order  to  completely 
determine  the  two  reactions  Ri  and  Ri\  namely,  their  points  of  application,  their  directions 
2 
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(directJon  determined  for  each  reaction  by  the  angle  mode  with  the  vertical),  and  their  mag- 
nitudes.  Three  of  these  conditions  may  be  determined  by  Btatica  if  the  other  three  conditiona 
are  determined  by  the  manner  in  which  the  struiiture  ii  supported.  The  three  coaditiona 
generally  known  are  the  points  of  support  and  the  direction  ot  one  of  the  reacticms. 

]f  there  are  leas  than  threeunknowneonditionsinregardto  the  manner  in  which  a  atructure 
is  supported,  then  the  atruoture  ia  in  general  unatahle  and  will  tend  to  move  bodily  under  the 
applied  loads.  For  example,  suppose  Ihe  aupporting  forces  to  have  only  thdj  mt^nitudes 
ucdinown.  Then  unlesa  the  remiltant  of  these  reactions  is  in  the  same  line  ot  action  as  the  re- 
sultant of  the  applied  loads,  equilibrium  cannot  exist.  The  structure,  therefore,  will  naove 
and  is  termed  unsbAle. 


Fill.  34.  Fro.  as. 

When  one  end  of  a  structure  is  placed  on  rollers,  the  reaction  at  that  end  is  made  to  act  at 
right  angles  to  the  aupportini;  surface  since  the  rollers,  if  in  good  condition,  cannot  offer  resia- 
tance  to  motion  along  this  surface.  If  a  structure  ia  hinged  at  a  support,  the  line  of  action 
of  the  reaction  at  that  support  passes  through  the  hinge.  (A  hinge  generally  is  a  steel  cyliii' 
drical  shape  of  short  length  and  but  a  few  inches  in  dimneter,  and  called  a  pin.  When  used 
at  a  support  it  rests  upon  a  shoe  which  in  turn  rests  upon  the  Hupijort.)  When  a  hinge  is 
placed  at  the  same  support  where  rollers  are  used  (Fig.  25),  the  reaction  is  at  once  deter- 
mined in  both  direction  and  point  of  application. 

Rollers  not  only  cause  a  reaction  to  act  at  right  angles  to  the  supporting  surface  but  alao 
serve  the  purpose  of  allowing  structures  to  expand  and  contract  with  changes  in  temperature 
and  thus  prevent  additional  atresaea  in  different  members. 

Structures  supported  at  one  end  by  a  tie-rod  should  be  considered  as  having  the  reactirm 
at  that  point  fixed  in  direction.  A  tie-rod  is  incapable  of  carrying  compression  or  bending, 
and  thus  the  reaction  which  it  carries  must  act  along  its  axis  SJid  produce  tension  in  the  rod. 

It  is  seldom  found  in  practice  that  the  point  of  application  of  a  reaction  is  definitely  fixed. 
For  short  beams  which  deftect  but  little  and  which  rest  at  the  ends  upon  steel  bearing  plates 
(inserted  in  order  to  distribute  the  load  over  the  masonry  supports),  it  is  usually  sufficient 
to  consider  the  reaction  as  applied  at  Ute  center  of  bearing,  but  this  assumption  is  by  no  means 
an  exact  one.  For  long  girders,  especially,  the  deflection  would  be  so  great  that  the  center  of 
bearing  would  be  brought  near  the  edge  of  support  and  the  asBumption  would  not  hold.  How- 
ever, if  a  pin  bearing  is  used  with  rollers,  a  uniform  bearing  on  the  support  is  ensured.  The 
reaction  ia  then  conaidered  to  pass  through  the  pin  center,  but  this  will  not  be  quite  true  if  the 
pin  is  badly  turned  or  the  bearing  surface  of  the  shoe  upon  which  it  rests  is  imperfect. 

The  method  of  finding  the  reactions  of  restrtuned  and  continuous  beams  is  explained  in 
Art.  71. 

47.  Determination  of  Reactions. 

47o.  Forces  Parallel. — As  explained  in  Art.  436,  a  special  case  in  the  solution 
of  non-«oncurrent  forcea  occur  when  all  the  forces  are  parallel.  For  forces  all  vertical  ZH  =  0 
ia  not  needed,  and  the  number  of  independent  equations  reduces  to  two.  It  is  possible,  there- 
fore, to  determine  but  two  unknowns;  namely,  (a)  point  of  applii^ation  and  magnitude  of  one 
force;  and  (6)  magnitude  of  two  forces. 

47b.  Forces  Not  Parallel. — Heaction  problems  when  solved  algebrtucally  will 
generally  be  simplified  by  finding  the  horizontal  and  vertical  components  of  the  reactions  and 


r 


Sec  1-476] 


ELEMENTS  OF  STRUCTURAL  THEORY 


19 


normal  TO  surface  C 


Uien  obtaining  the  magnitude  of  either  reaction  by  computing  the  square  root  of  the  sum  of  the 
squares  of  its  two  components.  With  one  end  on  rollers  and  resting  upon  a  horizontal  surface, 
the  vertical  component  at  that  support  is  the  reaction  required,  and  the  horizontal  component 
is  zero.  With  a  roller  end  resting  upon  an  inclined  surface,  the  reaction  at  that  support  will 
have  both  a  vertical  and  a  horizontal  component,  but  there  is  at  once  a  relation  between  them 
due  to  the  fact  that  the  reaction  must  act  at  right  angles  to  the  supporting  surface. 

Reaction  problems  may  also  be  simplified  when 
solving  algebraically  by  resolving  inclined  loads  into 
horizontal  and  vertical  components. 

If  a  load  b  distributed  over  a  considerable  area, 
as  wind  pressure  for  example,  instead  of  being  applied 
at  a  point,  the  resultant  of  this  load  may  be  used  in 
the  reaction  computations  as  a  concentrated  load. 
For  example,  in  fig.  26,  only  the  resultant  wind 
fvessure  P  needs  to  be  considered  and  it  will  act  at 
the  center  of  AC.  The  horizontal  and  vertical  components  of  P  may  be  found  in  the  following 
convenient  manner: 

Ck>nsider  first  the  wind  pressure  acting  on  a  strip  of  roof  surface  having  a  length  AC  and 
a  width  of  one  foot.  Normal  pressure  on  this  strip  ^  20  X  -AC  =  P„.  Denote  horizontal  and 
vertical  components  of  P*  by  H,  and  F,  respectively.     Then 

Pn^  AC 

l2(Pn) 


Span  offru59  50-0^ 

Fio.  26. 


or 


H.  = 


=  12X20 


AC 
Similarly,  F,  =  25  X  20 

Thus,  from  the  above  it  follows  that  these  H^  and  F,  components  can  be  determined  by  multi- 
plying the  normal  pressure  in  pounds  per  square  foot  by  the  projection  of  the  upper  chord  (AC 
in  this  case)  on  a  plane  at  right  angles  to  the  direction  of  the  desired  component.  Since  the 
trusses  are  20  ft.  center  to  center,  the  U  and  F  components  of  the  total  normal  pressure  P 
acting  on  the  truss  are  as  follows: 

U  -  H,(20)  -  12(20)  (20)  -    4,800  lb. 
y  -  F.(20)  -  25(20)(20)  =  10,000  lb. 

Roof  trusses  of  short  si)an  are  generally  fixed  at  both  ends  to  the  walls  of  the  building, 
thus  becoming  statically  indeterminate  with  respect  to  the  outer  forces.     In  this  case  the  reac- 


Tru53  under  dead  and 
snow  loads.  Reactions 
verHcal 

Fia.  27. 


truss  ockduponby 
wnd  pressure  onh,  fttg- 
actions  assumed  parallel  to 
wind  load. 

Fro.  28. 


taons  for  the  wind  load  are  determined  separately  from  those  caused  by  the  dead  and  snow 
loads.  Dead  and  snow  loads  cause  only  vertical  reactions  (Fig.  27).  The  wind  load  causes 
the  reactions  to  be  inclined  and  the  horizontal  components  tend  to  overturn  the  walls  of  the 
building.  One  of  two  assumptions  is  usually  made,  either  (a)  that  the  horizontal  components 
of  the  two  wind  reactions  are  equal,  or  (6)  that  the  direction  of  the  wind  reactions  are  parallel 
to  the  resultant  wind  load  (Fig.  28).  a^ 

In  the  following  illustrative  problems,  the  reactions  at  points  shown  thus  Q  are  con- 
sidered to  have  both  a  horizontal  and  vertical  component.  This  symbol  for  a  fixed  end  is 
not  intended  to  represent  a  knife  bearing  but  simply  means  that  the  point  of  application  is 
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determined  and  that  the  reaction  may  act  in  any  direction.     With  rollers  added  to  this  symbol 

as  here  shown  y\  the  reaction  is  considered  as  determined  in  both  direction  and  point  of 
application.     When  solving  algebraically,   the  horizontal  and  vertical  components  of  the 

reactions  are  represented  thus:  l±}  ffi      Where  the  value  of  ^i  comes  out  negative,  the 

horizotital  component  of  the  reaction  acts  in  the  opposite  direction  to  that  assuraied. 

For  finding  the  reactions  of  simple  beams  and  trusses,  see  also  illustrative  problems  on  pp. 

15  and  16. 

lUastnitiTe  Problem. — A  beam  is  loaded  as  shown  in  Fig.  29.    Find  the  reactions  at  A  and  B  by  both  alcebraio 
and  graphical  methods.     Neglect  weight  of  beam. 

Zff  «  0  .'.  ^1-0  lOfbm  $7bm  BOToni 


Z3f  -  0         Origin  at  A. 

(6) (6)  +  (20) (22.6)  -  16 Ft    I   (10)(5)-0 
Vt  ""  20.1  tons,  acting  up,  since  result  is  positive . 
2F  -  0 

10  +  6  +  20  -  29.1  -  Vi 


I 


./ 


./ 


"''^• 


^<^^ ':| 


V\  -  6.9  tons,  acting  up.  Fio.  29. 

(If  a  check  on  Fi  is  desired,  it  may  be  obtained  t^  applying  ZM  •  0  about  B  as  an  origin.) 

In  Fig.  30,  the  force  polygon  is  drawn  for  the  given  forces.  The  forces  are  designated  by  letters  instead  of  by 
weight.  It  can  easily  be  seen  that  Hi  ■■  0  or  the  forces  would  not  be  in  equilibrium.  The  force  polygon,  cona»- 
quently,  becomes  a  straight  line  since  the  forces  are  all  vertical.  AB  —  J^i,  BC  *-  Ft,  CD  "  Ft,  DB  —  Ft,  BA  ^ 
Fi.  It  is  not  possible  to  determine  the  point  B  until  after  the  equilibrium  polygon  is  drawn.  The  string  od 
intersects  Ft  at  (.    The  string  oa  intersects  Vi  at  k.     The  line  OB  in  the  force  polygon  drawn  parallel  to  ktia  the 

equilibrium  polygon  divides  the  line  AD 
into  two  parts,  DB  and  BA,  which 
reprMcnt  Ft  and  Ft  respectively,  kt  is 
drawn  in  the  equilibrium  polygon  because 
the  forces  are  in  equilibrium  and  the 
equilibrium  polygon  should  close. 

niustrative  Problem. — Find  the  hori- 
sontal  and  vertical  components  of  the  re-> 
actions  A  and  B,  Fig.  31,  by  thealgebraio 
method.     Neglect  weight  of  beam. 

Considerable  labor  will  be  saved  by 
resolving  the  inclined  forces  into  hori- 
sontal  and  vertical  components  and  using 
these  components  only  in  the  computa- 
tions. The  lever  arms  of  the  horiaontal 
components  about  either  point  of  support  is  sero,  leaving  only  the  vertical  components  to  be  considered  when 
applying  ZAf  «"  0.     Components  are  shown  dotted  in  Fig.  31. 

ZM  -  0    Origin  at  A, 

■  (17.32)(7)  -  (6)(2)  +  (7.07)(8)  +  (10)(20)  -  15Fx  -  0 
Vt  -  8.36  tons. 


Fia.  30. 


sqffnormaflo 


WIndon 


FiQ.  31. 


FiQ.  32. 


zr  -  0 

-  17.32  -  5  +  Ft  -  7.07  +  8.36  -  10  -  0 
Ft  -  31.03  tons. 
ZH  -  0 

7.07  +  if  I  -  10  -  0 

Hi  -  2.93  tons. 

Illastrative  Problem. — Compute  horisontal  and  vertical  components  of  the  reactions  for  the  truss  shown 
in  Pig.  32  for  the  wind  pressure  shown. 


Sec.  1-476] 


ELEMENTS  OP  STRUCTURAL  THEORY 


21 


Aji  explained  in  Art  476,  the  components  of  the  total  wind  pressure  may  be  readily  found  at  fc^ows: 

V  -  (20)  (30)  (20)  -  12,000  lb. 
H  -  (20)  (15)  (20)  -    6.0001b. 
H' -     (6)  (20)  (50)  -    5,0001b. 
XM  «  0.     Origin  at  A 

(5000)1   h  (6000)y  +  12.000(5)  -  30Fi  -  0 

Vi  -  4920  lb. 
2F  -  0 

4920  +  Vt  -   12,000  -  0 
Vt  -  7080  lb. 
XH  "  0 

6000  +  5000  -  ^1  -  0 
Hi   -  11,0001b. 

Fig.  33  shows  how  the  reactions  are  obtained  by  means  of  the  force  and  equilibrium  polygons.  Since  point  B 
B  m  known  point  in  the  line  <A  action  of  Ri,  the  string  oa  is  drawn  starting  from  this  point. 

IDostratiTe  Problem. — Fig.  34  represents  a  Howe 
bridge  truss  of  120-ft.  span,  with  12  equal  panels. 
Neglecting  the  dead  load  on  the  end  panel  p<»nts« 
determine  the  reactions  algebraically  for  a  dead  load 
of  9000  lb.  on  each  intermediate  panel  point  and  a 
live  load  of  20,000  lb.  on  panel  points  marked  a,  6, 
and  c. 

Reactions  A  and  B  are  both  vertical  since  the 
loads  are  vertical,  which  is  generally  the  case  on  bridge 


Fig  34. 

Then  again,  since  the  panels  are  all  equal  the  algebraic  method  is  by  far  the  more  convenient  one  to 
use.  The  stringers  at  each  end  either  rest  directly  upon  the  abutments  or  upon  end  floor  beams.  In  either  case 
the  load  on  an  end  panel  point  is  fully  carried  by  the  support  beneath,  thus  causing  no  reaction  at  the  other  sup- 
port and  hence  no  stresses  in  the  truss.  This  is  the  reason  for  the  omission  of  the  dead  load  on  the  end  panel  points 
in  this  problem.    In  designing  the  details  at  A  and  B,  however,  the  loads  at  these  points  must  be  considered. 

Reactions  A  and  B  each  receive  one-half  the  dead  load,  or  9000  X  5|i  •  49,500  lb. 

Reaction  A  ior  the  live  load  is 


(90)^20.000)  +  (100)(20.000)  +  (110)(20.000) 

120 


(origin  at  B) 


(20.000)(90  +  100  +  110)       (20,000)(9  +  10  +  11) 


120 


12 


-  50.000  lb. 


This  may  be  more  conveniently  calculated  by  obtaining  the  last  equation  directly,  which  means  that  we  take 
the  panel  as  a  unit  of  length.    Thus,  the  B  reaction  for  the  live  load  is 

.(1  +2  +  3) 


(20,000)- 


12 


-  10,000  lb.     (Origin  at  A) 


ToUl  reaction  A  -  49,500  +  50,000  -  99,500  lb. 
Total  reaction  B  -  49.500  +  10,000  -  59,500  lb. 

Dlttstrative  ProblenL — Find  the  horisontal  and  vertical  components  of  the  reactions  of  the  three-hinged  arch* 
Fig.  35,  for  loads  Fi  and  Ft  placed  as  shown;  hinges  at  points  a,  b,  and  c. 

From  ZAf  —  0  about  the  point  a 

Fi(20)  +  Fi(90)  -  r»(120)  -  0 
2Fi  +  9Fi 


Vt 


12 


From  ZF  -  0 


Fi  +  Fi  -  Ki  +  Vt 
lOFi  +  3Ft 
*  "  12 

From  ZfT  -  0 

Hi  -  Ht, 

In  order  to  obtain  the  value  of  Hi  and  Ht,  it  is  necessary  to  equate  the  sum  of  the  moments  about  the  center 
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hin^  6  of  all  forces  on  tiiher  side  of  the  hinge  to  ser#.     Conaidering  the  part  of  the  arch  to  the  left  of  the  center 
hinge 

ri(60)  -  fliClOO)  -  -Pi(40)  -  0 

ZVi  -  2Fi       2Fi  +  ZFt 


or 


Hi  -  Hi 
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It  should  be  noted  that  four  independent  eqnations  have  been  used  to  give  four  unknowns. 

If  tie  rods  should  be  placed  as  shown,  the  tension  in  these  rods  would  be  equal  to  Hi  *-  Htf  and  only  vertical 
pressure  would  be  brought  upon  the  supports. 
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SHEARS  AND  MOMENTS 
By  George  A.  Hool 

48.  Shear. — CJonsider  the  forces  acting  on  a  beam  to  be  resolved  into  horizontal  and  ver- 
tical components.  Then  the  shear  at  any  section  is  the  algebraic  sum  of  the  vertical  foices 
acting  on  either  side  of  the  section,  and  is  the  force  which  tends  to  cause  the  part  of  the  beam  on 
one  side  of  the  section  to  slide  by  the  part  on  the  other  side.  This  tendency  is  opposed  by  the 
resistance  of  the  material  to  transverse  shearing. 

When  the  resultant  force  acts  upward  on  the  left  of  the  section,  the  shear  is  called  positive^ 
and  when  it  acts  downward  on  the  same  side  of  the  section,  it  is  called  negative.  Since  ZF  »  0 
when  we  consider  the  forces  on  both  sides  of  the  section,  then  the  resultant  of  the  forces  on 
the  right  of  the  section  must  be  equal  and  opposite  in  direction  to  the  resultant  of  the  forces  on 
the  left  of  the  section.  Thus,  it  makes  no  difference  which  side  of  the  section  we  consider,  the 
shear  is  positive  when  the  resultant  on  the  left  is  upward  and  when  the  resultant  on  the  right  is 
downward.  Also  the  shear  is  negative  when  the  resultant  on  the  left  is  downward  and  when  the 
resultant  on  the  right  is  upward. 

At  the  section  aby  Fig.  36,  the  shear,  since  there  are  no  loads  between  the  section  and  the 
left  support,  equals  the  left  reaction  and  is  positive.  This  is  true  of  any  section  between  the 
left  support  and  the  section  cd.  The  shear  to  the  right  of  cd  is  negative  and  is  equal  to 
the  right  hand  reaction. 

49.  Bending  Moment — The  bending  moment  (or  moment)  at  any  section  of  a  beam  is  the 
algebraic  sum  ot  the  moments  of  the  forces  acting  on  either  side  of  the  section  about  an  axis 
through  the  center  of  gravity  of  the  section,  and  is  the  moment  which  measures  the  tendency 
of  the  outer  forces  to  cause  the  portion  of  the  beam  lying  on  one  side  of  the  section  to  rotate 
about  the  section.  This  tendency  to  bend  the  beam  is  opposed  by  internal  fiber  stresses  of 
tension  and  compression. 
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Momenf  Diagram 

Pro.  36. 
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1  the  section  is  olockwise,  the  moment  is  called 
e  same  side  of  the  section,  it  is  called  negative. 

on  both  sides  of  the  section,  then  the  resultant 
n  is  equal  and  opposite  to  the  resultant  moment 
By  it  makes  no  difference  which  side  of  the  section 
esultant  moment  of  the  forces  on  the  left  is  clock- 
MTces  on  the  right  is  counterclockwise.  Also,  the 
it  of  the  forces  .on  the  left  is  counterclockwise  and 
e  right  is  clockwise. 

2  (a?).     It  increases  uniformly  from  the  left  sup- 

ission  in  the  upper  fibers  of  a  beam,  and  tension 
native  bendklg  moment. 

e  variation  in  the  shear  or  bending  moment  from 
epresented  by  means  of  diagrams,  called  shear  and 
ucted  by  laying  off  a  haae-line  equal  to  the  length 


'nrformiLoad 


Moment  Diagncim 


Fio.  37. 


of  the  beam  and  maiking  off  on  this,  line  the  positions  of  the  loads  and  the  reactions.  Positive 
shear  and  moment  at  given  points  should  be  represented  above  the  base-line  and  negative  shear 
or  moment  below  this  line.  Points  are  plotted  vertically  above  or  below  given  points  on  the 
base-line,  and  the  distance  these  plotted  points  are  from  the  base-line  should  represent  to  some 
scale  the  magnitude  of  the  shear  or  moment  at  these  given  points  on  the  beam.  The  line  join- 
ing the  points  plotted  in  this  way  is  called  the  shear  or  moment  line,  depending  upon  whether  a 
shear  or  moment  diagram  is  being  drawn. 

To  illustrate,  in  Fig.  40,  the  ordinate  ob  represents  the  value  of  the  shear  at  the  point 
h  of  the  beam  and  the  ordinate  cd  represents  the  value  of  the  moment  at  the  point  d. 

In  shear  diagrams  for  uniform  loading,  ordinates  need  only  be  erected  at  the  ends  of  the 
beam  and  at  the  points  of  support.  If  concentrated  loads  are  also  applied  to  the  beam,  or- 
dinates must  also  be  plotted  at  their  points  of  application. 

In  moment  diagrams  for  uniform  loading,  ordinates  should  be  erected  and  points  plotted 
at  the  reactions  and  every  foot  or  two  along  the  beam.  If  concentrated  loads  are  also  applied 
to  the  beam,  ordinates  must  also  be  plotted  at  their  points  of  application. 
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If  the  shear  or  moment  lines  are  not  completely  determined  by  the  above  rules,  additional 
points  should  be  taken. 

A  cantilever  beam  is  a  beam  having  one  end  fixed  and  the  other  end  free  (see  Art.  3,  p.  2). 
The  reaction  at  the  fixed  end  is  indeterminate,  but  the  shear  or  bending  moment  at  a  given  sec- 
tion may  be  easily  found  by  considering  the  loads  between  the  section  and  the  free  end. 

Uniform  LoQd^ 


Shear  Diogncim    j 


Shear  Diagram  ! 


Momenf"  Diagram 

Fxo.  38. 


)Aomer&  Diagram 


Fio.  39. 


Shear  and  moment  diagrams  for  both  simple  and  cantilever  beams  with  various  loadings 
are  shown  in  Figs.  36  to  41  inclusive.     In  all  cases  the  weight  of  the  beam  is  neglected. 

51.  Maiimiim  Shear.^It  is  always  desirable  in  proportioning  beams  to  know  the  greatest 
or  maximum  value  of  the  shear  in  a  given  case.     The  following  rules  apply: 

1.  In  cantilevers  fixed  in  a  wall,  the  maximum  shear  occurs  at  the  wall. 

2.  In  simple  beams,  the  maximum  shear  occurs  at  the  section  next  to  one  of  the  supports. 
These  rules  can  be  verified  by  examining  the  shear  diagrams  in  Figs.  36  to  41  inclusive. 


Momanf  Diagram 


Pio.  40. 


Momenf  Diogncim 

Fig.  41. 


52.  Maximum  Moment — By  comparing  the  corresponding  shear  and  moment  diagrams 
in  Pigs.  36  to  41  inclusive,  it  will  be  found  that  the  maximum  moment  occurs  where  the  shear 
changes  sign;  that  is,  where  the  shear  line  crosses  the  base-line.  This  could  also  be  shown 
algebraically. 

By  the  help  of  this  principle  it  is  necessary  to  construct  only  the  shear  line  and  observe 
from  it  where  the  shear  changes  sign;  then  compute  the  bending  moment  for  that  section. 


Sec  1-53] 


ELEMENTS  OF  STRUCTURAL  THEORY 


25 


IDnstratiTe  Problem. — Construct  shear  and  moment  diagrams  for  a  20.ft.  beam  supported  at  the  ends  and 
loaded  as  shown  in  Fig.  42.  Also,  find  the  maximum  shear  and  maximum  moment,  and  the  sections  where  they 
occur. 

R-ction^  _  (5000)(S)  +  (4000)(10  +  15)  ^  ^ 

20 

-  14.2501b. 

.   Reaction  B  -  13.000  +  16.000  -  14,250 

-  14,7501b. 
Shear  at  A  *  0       « 

Shear  at  section  just  to  right  of  A  «•  14,250 

g.  ♦     /  to  l«ft  -  14,250  -  (800)  (5)  -  10,260 

SAear  at  o^  ^  ^^^  _  ^^^50  -  4000  -  6250 

oi.  ,  ^  /  to  left  -  6250  -  (800)(6)  -  2250 

onear  at  o  <  . 

I  to  TU 


Shear  at  e 


right  -  2250  -  4000  -  -  1750 

to  left  -  -  1760  -  (800)  (5)  -  -  6750 

to  right  -  -  5750  -  5000  -  - 10,750 
Shear  at  section  just  to  left  of  B  -  - 14«750 

-  10.750  -  (800)  (5)  -  -  14,750  (check) 
Shear  at  B  -  0. 

We  shall  determine  the  moment  at  points  A,  a,  6,  r  and  B.     Moments  should  also  b^  found  at  sections  2  ft. 
apart  on  this  beam  to  completely  determine  the  moment  curve. 


Moment  at  A 
Moment  at  a 
Moment  at  h 
Moment  at  c 
Moment  at  B 


0. 


-  (14.250)(5)  -  (800)(5)  (g)  -  61,250. 

-  (14.250)(10)  -  (8000  +  4000) (5)  -  82.600. 

-  (14,750)(5)  -  (800)(5)  (|)  -  63.750. 


4ooofh    Aooojb.    sooonx 

L.~5^.-J<...5*--J*...5'.-.>|<••5'--••>| 
\ur^/brmyfkxxi-'-\800Jh   Yoer  ff.    I 


c/y///yy//yx/y/y/yy/y>^//yy^^^ 


The  maximum  shear  •  —  14,750  lb.  at  a  section 
just  to  the  left  of  the  right  support. 

The  shear  changes  sign  at  section  6,  consequently 
the  moment  is  a  maximum  at  that  point  •■  82,500 
ft.-lb. 

In  some  cases  the  shear  does  not  change  sign  at 
the  point  of  application  of  a  concentrated  load  and  __y, 
in  such  a  case  the  position  of  the  section,  where  the  H^^ 
bending  moment  is  a  maximum,  must  be  scaled  or 
computed  from  the  shear  diagram  to  the  nearest 
one-tenth  of  a  foot. 

63.  Moment  Determined  Graphically,  u^ 

The  bending  moment  at  any  section  of  a 
beam  due  to  concentrated  loads  may  readily 
be  determined  by  means  of  the  force  and 
equihbrium  polygons.  The  method  used  is 
the  same  as  that  for  finding  the  moment  of 
a  83r8tem  of  forces  about  a  given  point,  de- 
scribed in  Art.  45. 

Let  the  bending  moment  M  be  required 
at  any  section  of  the  beam  shown  in  Fig.  43, 
such  as  the  point  k.     Draw  a  vertical  line 
through  the  section,  cutting  two  sides  of  the 
equiiibriimi  polygon,  and  let  the  ordinate 
intercepted  between  these  sides  be  called  r. 
The  intersection  of  these  sides  produced 
gives  the  point  of  application  of  the  re- 
sultant of  the  forces  Pi  and  -Ri,  the  magnitude  of  which  is  represented  by  EB  in  the  force 
polygon;  that  is,  Ri  -  Pi  ^  AE  -  AB  =  EB.     It  should  be  noticed  that  Ri  and  Pi  act  in 
opposite  directions,  and  consequently  the  resultant  of  these  two  forces  is  their  difference.    Let 
this  resultant  be  called  R  and  its  horizontal  distance  from  k  be  called  x.    Then,  M  »  Rx, 


Momert^  Diagram 

Fio.  42. 
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The  triangle  OBE  is  similar  to  the  triangle  which  has  a  base  r  and  an  altitude  x  (sides 

X       r 
pectively  parallel)  and,  since  EB  is  equal  to  fi,  we  have  jj  «*  ^  or  i^a?  =  Hr, 

Therefore  the  bending  moment  of  the  forces  on  the  left  of  the  section  is 

Since  H  is  constant,  the  bending  moment  at  any  point  in  the  span  is  proportional  to  the  vertical 
ordinate  of  the  equilibrium  polygon  at  that  point. 

Suppose  in  the  equilibrium  polygon  >i  in.  =  1  ft.,  and  H  »  2000  lb.,  then  >i  in.  in  the 
equilibrium  polygon  represents  2000  ft. -lb.  That  is,  each  inch  on  the  vertical  ordinate  of  the 
equilibrium  polygon  represents  2000  X  4  >-  SOOt)  ft.-lb.  of  bending  moment.  Fpr  instance,  if  a 
vertical  ordinate  at  a  given  section  scales  2.45  in.,  the  bending  moment  of  that  section  under  the 
above  conditions  is  8000  X  2.45  »  19,600  ft.-lb. 


L 1 


P^ 


I 


>? 


Fxa.  43. 

Inclined  forces  acting  on  beams  should  be  resolved  into  horizontal  and  vertical  components. 
The  horizontal  components  cause  no  moment  so  that  only  the  vertical  components  need  be 
considered. 

The  graphical  representation  of  bending  moment  at  every  point  in  the  span  can  be  applied 
to  cases  of  uniform  loading,  but  the  construction  is  difficult  and  the  algebraic  method  is  much 
more  simple.  When  a  beam  is  subjected  to  both  uniform  and  concentrated  loads,  it  is  sometimes 
convenient  to  find  the  bending  moment  for  the  concentrated  loads  by  the  graphical  method,  and 
the  bending  moment  for  the  uniform  load  by  the  algebraic  method.  The  algebraic  sum  of  the 
two  moments  at  any  given  section  will  give  the  correct  moment  at  that  section. 

64.  Effect  of  Floor  Beams  in  Bridge  Construction. — Since  bridges  are  frequently  used  to 
connect  factories  and  other  buildings,  the  efifect  of  using  floor  beams  in  bridge  construction  on 
the  shears  and  moments  in  the  supporting  girders  or  trusses,  will  be  considered  in  this  book. 
The  principles  involved  apply  to  a  number  of  other  special  cases  in  building  construction. 

Floor  beams  are  ordinarily  riveted  to  the  sides  of  girders.  For  clearness  in  presentation, 
however,  the  floor  beams  will  be  shown  as  resting  upon  the  girders  and  the  stringers  upon  the 
floor  beams  (Fig.  45).  The  shears  and  moments  are  identical  for  the  two  cases.  Girders  are 
usually  placed  parallel  to  each  other  and  any  load  coming  upon  the  planking  or  rails  (or  whatever 
the  flooring  may  be)  is  transmitted  by  means  of  the  stringers  to  the  floor  beams  and  thence  to 
the  girders,  each  girder  receiving  a  proportional  part.  The  loads  given  in  each  case  will  be  the 
proportional  part  of  the  total  load  considered  which  is  actually  transmitted  to  the  given  girder. 
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Let  F  be  the  proportion&l  p&rt  of  an  applied  load  which  ia  transmitted  to  a  given  girder. 
As  shown  in  Figs.  44  and  45  it  will  be  traosmitted  at  panel  pointa  2  and  3.     Panel  point  3  will 

receive  F  -  and  panel  point  2  will  receive  F  -^ or,  in  other  words,  these  panel  pointa  receive 

the  reactions  of  a  simple  beam  one  panel  in  length,  the  stringets  not  being  continuous  over  the 
floor  beams. 

In  Elg.  49  considering  only  the  applied  load  shown,  tUeleft  hand  reaction  Ai  equals  F^- 

and  the  right  hand  reaction  At  equals  F ^ '  the  aame  as  if  there  were  no  floor  beams. 

To  prove  this,  it  is  only  necessary  to  distribute  a  proportional  part  of  the  load  F  to  the  panel 
point  3  and  also  the  proper  amount  to  the  panel  point  2,  and  determine  the  reactions. 


out  floor  beams) 
Right  hand  reaction  •' F  -  ^^5jLk> 

withou  t  floor  beams} 
In     bridges      carrying  R 


tracks,    the    stringets   and  noorbeamsVi^ A---J 

rails  are  generally  equally  Sf ringers ■'  '\^    \  g^      {^'''"9"^ 

spaced    about    the    center  ^  T       T        ^"    V      t        T        T  i 

line     between     girdere     or  M  f -T" —    ^  ^ 

trusses.     It    the   bridge    b  ^J Girder 


singl^traek,    a    girder     (cr   ^       '        '       \        K        ' 
trass)  thus  receives  one-half      ~™  r'p-'\ 


trass)  thus  r< 

the  total  live  load;  that  is, 
the  weight  coming  upon  one  Pio.  4s. 

rail.     The  above  discussion 

applied  directly  to  such  a  case,  the  load  F  being  any  wheel  load  which  may  come  upon  one  rail. 
The  following  statements  may  be  made  pertaining  to  the  effect  of  using  floor  beams.  The 
first  four  statements  refer  to  a  girder  supported  at  one  or  both  of  its  ends.  Statements  S  and 
6  explain  themselves.  The  load  considered  is  the  proportional  part  of  the  floor  load  (live  and 
dead)  which  is  transmitted  to  the  girder  in  question.     Statements  1  and  3  are  of  use  in  designing 

(The  only  load  applied  to  a  girder  between  floor  beftms  is  its  own  weight.  This  is  a  uniform 
load  and  can  be  coosidered  by  itself,  according  to  method  previously  stated.  The  following 
statements  do  not  include  this.) 

1.  Shear  is  constant  between  any  two  adjacent  floor  beams. 

2.  Moment  varies  uniformly  between  any  two  adjacent  floor  beams. 

3.  Moment  at  any  floor  beam  is  the  same  as  it  would  be  if  there  were  no  floor  beams. 

4.  If  no  load  is  applied  in  a  given  panel,  the  moment  at  any  point  in  that  panel  is  the  same 
as  ii  would  be  if  there  were  no  floor  beams. 

5.  If  a  load  is  applied  inagivenpanelofacantilever  girder,  the  moment  at  any  point  in  that 
panel  is  graaer  than  it  would  be  if  the  girder  had  no  floor  beams. 

6.  If  a  load  is  applied  in  a  given  panel  of  a  girder  supported  at  its  two  ends,  the  moment  at 
any  point  in  that  panel  is  less  than  it  would  be  if  the  girder  had  no  floor  beams. 
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Fio.  46. 


66.  A  Single  Concentrated  MoTing  Load. — For  a  single  concentrated  moving  load  the 
maximum  positive  live  shear  on  a  simple  beam  at  any  section  as  Ay  Fig.  46,  occurs  when  the 
load  is  just  to  the  rig?U  of  the  section.  This  statement  is  readily  verified  by  considering  how 
the  shear  varies  at  the  section  as  a  load  passes  across  the  beam  from  the  right  to  the  left  support. 
The  left  reaction,  and  consequently  the  positive  shear,  is  increased  as  the  load  P  is  moved  from 

the  right  support  up  to  the  section,  being  greatest  when  the 
load  is  just  to  the  right  of  the  section.  Now  move  the  load  to 
the  left  of  A.  The  shear  is  equal  to  the  difference  btween  the 
left  reaction  and  the  load  P  and,  since  a  load  is  always  greater 
than  either  reaction  (the  load  being  equal  to  the  sum  of  the 
reactions),  the  shear  with  the  load  to  the  left  of  A  b  negative, 
proving  that  the  positive  shear  is  a  maximum  with  the  load  just 
to  the  right  of  the  section.  In  practice  the  load  is  always  placed 
at  the  section.  This  same  line  of  reasoning  might  be  followed 
through  for  negative  shear,  moving  a  load  from  the  left  abutment  to  the  section  and  consid- 
ering how  the  shear  varies  to  the  right  of  the  section.  The  maximum  negative  shear  is  found  to 
occur  when  the  load  is  just  to  the  lefl  of  the  section.     The  value  of  the  maximum  positive  shear 

X  Ij  —  V. 

for  the  load  P  isP  y  and  the  maximum  negative  shear  is  P  — j — , 

The  maximum  live  moment  at  A  occurs  with  the  load  at  A,  for  a  movement  to  either  side 
reduces  the  opposite  abutment  reaction  and  consequently  the  moment.    The  maximum  moment 

\bPj^(L  -ar). 

At  any  point  on  a  cantilever  beam,  such  as  at  A,  Fig.  47,  M 
the  shear  is  a  maximum  when  the  load  is  anywhere  to  the  right 
of  the  point.  When  the  load  is  on  the  left,  the  shear  is  zero. 
The  moment  is  a  maximum  at  the  section  when  the  load  is  at 
B  and  equals  P  X  x.  When  the  load  is  to  the  left  of  A,  the 
moment  is  zero. 

Now  consider  a  bridge  girder  supported  at  both  ends  and  carrying  floor  beams.  Required 
the  maximum  Uve  shear  in  any  panel  as  EF,  Fig.  48.  As  previously  mentioned,  the  load  shown 
is  the  proportional  part  of  the  total  load  in  the  panel  which  is  transmitted  to  the  girder  in  ques- 
tion. The  shear  is  constant  in  EF  for  any  loading.  Let  V  denote  this  shear.  Then,  when  the 
load  P  is  in  the  panel  EF^  the  shear 

(left  reaction)  -  (load  &t  E)  =  P  (^-^  -  -) 
rjUU ./, J  K  the  load  is  so  placed  that  — y- 


PiQ.  47. 


V  = 


—  »  -  then  the  shear  in  i?P  =»  0.    This 


'^4     t    f    t     f — t*  PO"^*'  *s  called  the  neutral  point  in  the  panel.     A  load  to  the  right 


I      \Oirder 

-^1^ — 


Fia.  48. 


of  this  neutral  point  causes  positive  shear  and  to  the  left  causes 
1  negative  shear.      Every  panel  has  a  neutral  point  which  can  be 
-H  foimd  by  using  the  equation 

a  -f  b       o    t .  ,     .  vb 

— r —  =  -  which  gives  a  =  -^ 

L  p  °  L  —  p 

It  can  be  seen  from  the  equation  that  the  position  of  the  neutral  point  does  not  depend  upon  the 
magnitude  of  the  load  but  simply  upon  the  length  of  panel  and  the  position  of  the  panel  in 
the  span.  The  maximum  positive  shear  in  panel  EF  will  occur  when  the  load  P  is  at  the  panel 
point  P,  since  the  shear  decreases  as  the  load  is  moved  from  that  point  to  the  neutral  point 
where  it  is  zero.  For  the  same  reason  the  maximum  negative  shear  will  occur  when  the  load 
is  at  the  panel  point  E. 

As  stated  in  Art.  54  the  moment  at  any  jjoint  in  a  panel,  as  EF,  for  a  load  P  in  that  panel  is 
less  than  it  would  be  if  there  were  no  floor  beams,  while  with  the  load  P  outside  of  EFj  the 
moment  is  the  same  as  for  a  simple  beam.  At  the  floor  beams  the  moment  is  the  same  as  if 
there  were  no  floor  beams.     In  designing  structures  maximum  moment  only  is  usually  desired. 
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fc 


consequently  it  is  si^ffioient  to  compute  the  moments  only  at  the  floor  beams  and  to  do  it  just 
as  if  there  were  no  floor  beams.  Fig.  49  represents  a  cantilever  girder  supporting  floor  beams. 
Maximum  shear  in  EF  occurs  when  the  load  is  anywhere  to  the  right  of  F  and  equals  P.  Maxi- 
mum moment  at  any  panel  point,  as  E,  occui's  with  P  &t  B 

and  equals  P  Xx, 

56.  Moying  Uniform  Load. — For  a  moving  uniform  load 

the  maximum  positive  live  shear  ^ 

on  a  simple  beam  at  any  section  as 

A  J  Pig.  50,  occurs  when  the  right 

hand  section  of  the  beam  is  loaded 

up  to  the  point  considered.     This 

is  seen  to  be  true  when  we  consider 
that  adding  a  load  to  the  right  of  A  increases  the  left  reaction  and  therefore  the  positive  shear, 
while  adding  a  load  to  the  left  of  A  increases  the  left  reaction  by  an  amoimt  less  than  the 
load  which  is  added,  and  hence  decreases  the  positive  shear.     The  maximum  positive  shear 

1       X* 

at  A  in  Fig.  61  for  a  uniform  load  of  w  lb.  per  ft.  =  ^  ^'^  T* 

From  similar  reasoning  to  the  above,  the  maximum  negative  shear  at  any  section  as  A, 
Fig.  50,  is  found  by  loading  to  the  left  of  the  point.     Maximum  negative  shear  at  A,  Fig.  52, 

1      (L  -  x)* 


Pig.  49. 


> 
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for  a  uniform  load  of  w  lb.  per  ft.  = 
w  lb.  oer  ioof. 


w 
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maximum  M 


2  *"  L 
The  maximum  moment  at  any  sec- 
tion as  A  occurs  when  the  beam  is  fully 
loaded,  for  the  addition  of  a  load  any- 
where on  the  beam  will  add  a  positive 
moment  at  the  section.  For  a  load  of 
w  lb.  per  ft.,  the 


(considering  the  right  hand  reaction). 


w/bperff. 


^  'l^^» ••»•••»•«•  J|    •«««««i^^ 


wL 


^(L-x)- 


w{L  —  x)*      w 


=  ^(L-x)(L-L+x) 
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I  (x)(L  -  X) 


If  the  section  is  at  the  center  of  the  beam,  the 

maximum  Af  =  ^  wL* 

The  above  formulas  for  maximum  moment  give  results  in  foot  pounds,  since  v?  represents 
the  load  in  pounds  per  foot  and  L  the  span  of  the  beam  in  feet.     To  get  inch  pounds,  multiply 

by  12  or  insert  for  w  in  the  formulas  the  load  in  pounds  per 
inch  and  for  L  the  span  of  the  beam  in  inches. 

At  any  point  on  a  cantilever  beam,  such  as  at  A,  Fig.  53, 
the  maximum  shear  occurs  for  either  a  full  load  over  the  entire 
length,  or  for  full  load  on  the  portion  of  the  beam  between  the 
section  and  the  free  end,  and  equals  wx. '   The  moment  is  always 
negative  and  the  maximum  moment  occurs  for  the  same  loading  giving  maximum  shear;  i.e., 

wx* 


maximum  M  = 


Now  consider  the  case  of  a  uniform  load 
of  to  lb.  per  ft.  on  a  bridge  girder  supported 
at  its  two  ends  and  carrying  floor  beams. 
If  the  girder  is  fully  loaded,  the  load  on  each 
floor  beam  is  u?p,  except  on  the  end  floor 
beams  which  carry  H  «7p.  These  end  floor 
beam  loads  we  usually  supported  directly  ^/^ 
on  walls  or  abutments,  and  may  be  neglected 
in  determining  shear  and  moment..   Ri,  Fig. 


T         T  8!     T- 


I 


I 


1 


-^  a  K — b 

Fia.  54. 


p  ■•'9 


54,  then  equals  2}4  ^V  <^<1  ^s  equals  2}^  wp.    The  maximum  positive  shear  in  any  panel, 
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such  as  EPj  occurs  when  the  load  extends  from  the  right  to  the  neutrgl  point  in  the  pane 
(Fig.  65).     Thus 


maximum  V  = 


10(0  +6)*      wa* 


2L 


2p 


In  practice,  the  assumption  is  generally  made  that  for  maximum  positive  shear  in  a  panel, 

all  panel  points  up  to  and  including  the 


<— p-> 


I  rTohltoadA  wfa-t-b) 


y/f-w////jm/////////////^^^^ 


k — 


i 


7 


± 


•-L  •■• 
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one  at  the  right  of  the  panel  are  fuUy 
loaded,  and  the  ones  to  the  left  without 
any  load.  It  i<3  not  possible  to  get  thus 
loading,  but  the  assumption  is  con- 
veninet  and  a  little  on  the  safe  side.     It 


^.  is  obvious  that  in  order  for  panel  point  F, 
Fig.  55,  to  have  a  full  load,  the  load  must 
extend  to  the  panel  point  E  and  then  E 
would  have  half  a  panel  load.  A  load  at 
E  would  reduce  the  positive  shear  in  EF^ 

so  by  omitting  this  we  are  on  the  safe  side;  that  is,  we  are  providing  for  a  little  greater  positive 

shear  than  actually  exists.     For  this  loading  the  shear  in  EF  is 

(1+2+3) 


6 


The  maximum  negative  shear  is  likewise 


(1  +2) 
6 


(pw) 


(pi^). 


The  moments  at  the  floor  beams  are  the  same  as  they  would  be  if  there  were  no  floor  beams. 
Maximum  moment  occurs  as  before  for  full  loading  and  is  positive  at  every  point.  The  maxi- 
mum moment  at  a  floor  beam  distant  x  from  the  right  abutment  is  (as  in  a  simple  beam) 

-^  {L  —  X) 2 =*  2  v3r)(i^  -  X) 

Fig.  56  represents  a  centilever  girder  supporting  floor  beams.     Maximum  shear  in  EF 
occurs  when  BE  is  loaded  and  equals  w{h  +  Hp)*     Maximum 
moment  at  E  occurs  for  either  full  loading  or  for  full  load  on 
BE^  and  equals  (in  this  particular  .figure). 


p(l  +  2  +  Z)wv  + 


^^(2"'^)   " 


8p*w; 


w  lb.  per  H 


67.  Influence  Lines. — As  a  load  moves  over  a  beam,  the 
shear  and  moment  at  a  given  section  will  vary.     If  the  velue  fio.  66. 

of  moment  at  any  point  A  is  plotted  as  an  ordinate  at  the  point 

where  the  load  is  applied,  and  this  process  repeated  for  each  position  of  the  load,  the  result  is 
called  an  influence  diagram  for  the  moment  at  point  A ;  and  the  curve  generated  by  the  extremi- 
ties of  all  ordinates  is  called  an  influence  line  for  the  moment  at  point  A.  Similar  lines  may  be 
drawn  for  shear  and  for  deflections.     In  structures,  influence  lines  may  also  be  drawn  for  stress 

intensities  at  a  given  point.  The  curve  gets  its  name  be- 
cause of  the  fact  that  for  any  chosen  point,  it  gives  the 
influence  on  a  certain  function  at  that  point,  for  varied 
positions  of  the  load. 

It  should  be  noted  that  the  influence  line  for  moment 
— for  a  simple  beam,  for  instance — differs  from  the  moment 
diagram  for  that  beam.  The  moment  diagram  gives  the 
moment  at  any  point  for  one  position  of  the  load ;  while  the 
influence  line  for  moment  gives  the  moment  at  one  point  for 
any  position  of  the  load.  For  each  point  in  the  beam  there  may  be  drawn  an  influence  lin^, 
but  each  influence  line  is  descriptive  of  but  one  point.     In  Fig.  57  there  is  drawn  an  influence 


Fia.  57. 
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line  for  moment  at  A.     The  moment  at  A  is 

Pxb 


Pab 


and  that  is  the  value  of  th<>  ordinate  at  A 


The  ordinate  at  B  b  -y-  and  is  the  moment  at  A  when  the  load  P  is  at  B. 

Suppose  the  beam  to  have  a  load  of  1  lb.  moving  across  it.     The  ordinate  at  A  is  then  y-. 

Usually  influence  lines  are  drawn  for  unit  loads.  The  ordinate  at  B  is  then  the  moment  at  A 
when  a  unit  load  is  placed  at  B,  If  the  load  at  B  is  not  unity,  then  the  moment  at  A  will  be 
equal  to  the  load  times  the  ordinate  at  B  for  the  1-lb.  load. 

If  the  beam  b  loaded  with  a  uniform  load,  the  moment  at  A  b  equal  to  the  load  per  foot 
times   the   area   of   the   influence   diagram   for    the   moment  at   A.     In   Fig.  57  this  is 

lw'-jr'L'n)or-n-dbj  which  is  readily  recognized  as  the  moment  at  A  for  a  uniform  load. 

For  a  partial  uniform  loading,  the  load  per  foot  multiplied  by  the  area  of  the  influence  diagram 
for  the  loaded  portion  will  give  the  moment  at  A. 
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Influence  lines  for  shear  and  moment  on  cantilever  and  simple  beams  and  girders  are  shown 
in  Figs.  58,  59,  60,  and  61. 

The  influence  line  shows  three  things: 

1.  The  effect  on  the  function  under  consideration  for  a  single  load  at  any  point  on  the 
structure. 

2.  Where  a  smgle  load  must  be  placed  in  order  to  produce  the  maximum  or  minimum  effect. 

3.  With  a  uniform  live  load,  the  part  (or  parts)  of  the  structure  which  must  be  loaded  in 
order  to  produce  the  maximum  positive  or  the  maximum  negative  effect. 

Influence  lines  are  not  generally  used  for  determining  values  of  functions  for  simple  beams, 
girders,  or  trusses,  because  the  algebraic  methods  are  more  simple,  but  the  use  of  influence 
lines  leads  to  a  better  understanding  of  the  effect  of  moving  loads  and  in  many  complicated 
atmctures  the  influence  line  affords  the  simplest  and  best  solution  of  a  problem.  It  b  freely 
used  in  methods  of  anal}rsb;  that  b,  finding  the  position  of  loads  to  give  maximum  shear  or 
moment  or  whatever  the  function  may  be  which  b  under  consideration. 
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58.  Concentrated  Load  Systems. 

58a.  Maximiim  Shear  Without  Floor  Beams. — In  order  to  determine  the  value  of 
the  maximum  shear  at  a  given  section  due  to  a  series  of  concentrated  loads  in  a  load  system,  it 
is  first  necessary  to  find  just  how  the  loads  must  be  placed  in  order  to  give  this  maximum  shear. 

Suppose  the  maximum  shear  is  required  at  any  section  on  a  structure  without  floor  beams, 
such  as  Section  A,  Big.  60.  Place  some  load  just  to  the  right  of  A,  which  for  convenience  we 
shall  call  Pi.  Let>  Oi  then  represent  the  sum  of  the  loads  to  the  left  of,  and  including  Pi,  and 
Gt  the  sum  of  the  loads  to  the  right  of  Pi.  Also,  let  0  equal  the  total  load  on  the  structure  when 
Pi  is  at  A,  and  h  the  distance  between  Pi  and  the  next  load  to  the  right  which  we  shall  call 

Pf 

Now  suppose  the  S3rstem  of  loads  be  moved  a  distance  h  to  the  left  thus  bringing  Pt  to  A. 
The  effect  upon  the  positive  shear  is  first  to  decrease  it  suddenly  by  an  amount  Pi,  after  which 
it  is  gradually  increased.     The  increase  due  to  (?s  may  be  expressed  by 

Gs  h  tan  a  (see  Fig.  60) 

and  the  increase  due  to  Gi  (decrease  in  negative  shear)  may  likewise  be  expressed  by 

Gib  tan  a 

The  net  change  in  shear  due  to  the  entire  movement  is 

Gib  tan  a  -h  Gtb  tan  a  —  Pi 
or 

4- P. 

If  this  expression  is  positive,  then  the  second  position  gives  the  greater  shear  and,  if  negative, 
the  first  position.     For  equal  shears  we  have,  therefore 

G  ^Pi 

L        b 

The  slight  increase  in  shear  due  to  additional  loads  that  may  come  upon  the  structure  from 
the  right  has  been  neglected.  The  above  expression  means  that  to  increase  the  shear  we  move 
to  the  left  provided  the  average  load  per  foot  on  the  whole  span  is  greater  than  the  load  at  the 
section  divided  by  the  distance  between  this  load  and  the  next  load  to  the  right. 

Since  the  slight  increase  in  shear  due  to  additional  loads  that  may  come  upon  the  structure 
from  the  right  has  been  neglected  in  deriving  the  above  criterion  for  maximum  shear,  the  effect 
of  such  loads  must  be  investigated.     If  G'  be  the  total  load  on  the  structure  when  Pt  is  at  A, 

then  the  increase  in  shear  when  moving  up  Pi  will  be  somewhere  between  G  j  —  Pi  and 

G'  y  —  Pi.     It  may  be  possible  for   the  first  expression  to  be  negative  and  the  latter  posi- 

C  P  " 

tive.    Such  a  circumstance  would  result  in  causing  y  to  be  less  than  -r-  for    two    f^cceeding 

loads  and  both  positions  would  have  to  be  tried. 

58&.  Maximum  Moment  Without  Floor  Beams. — In  order  to  determine  maximum. 

live  moment  at  any  section  of  a  structure  for  a  system  of  concentiated  loads,  it  is  first  necessary 

to  find  the  position  of  the  loads  to  give  this  moment. 

Consider  the  determination  of  maximum   mo- 


ment at  a  section  of  a  simple  beam,  such  as  A,  Fig.  62. 

Let  Pl  =  resultant  of  all  loads  to  the  left  of  A. 
XL  =  its  distance  from  the  section. 


t  Y    |t    Y 


^ 


4  ,. 

Z£  =  its  distance  from  right  support.  |  ^  j 


I  m 


P  =  total  load  on  span.  '\         •^p"^'-  "^ 

I    '     r,"     \ 

X  =  distance  of  section  from  right  support.        p^ L        ■'" ^ 


Then  the  moment  at  A  is  ^'o*  ^^' 

M  ^P^iL-x)  -Plxl 
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Let  the  8]rst«in  of  loads  be  moved  a  email  distance  A  to  the  left,  the  distance  being  so  small 
that  th«  distribution  of  the  loads  will  not  be  changed.     Thea  the  new  moment  is 

M=  p  ^L+A  (t  -  I)  -  Pt(*t  +  A) 

-  rp  ^  (L  -  j)  -  PiXi.]  +  p|  (t  - 1)  -  pji 

The  moment  has  increased  by  so  doing  provided 

P|  (L-x)>  PlA 

or  P.      Pl. 

L^  L  -X 
In  other  words,  the  moment  at  a  given  section  will  keep  increaaing  by  moving  the  loads  to  the 
left  until  the  sign  of  inequaUty  is  changed     l^at  is,  the  maxiinum  moment  is  obtained  when 
with  a  load  to  the  right  of  the  section 

L^  L  -X 
and  vith  the  same  toad  moved  to  the  left  of  the  aectioa 

L'^L-z 
p  f-j, 

During  this  slight  movement  .-  passes  the  value  j—^ — 

Tluis,  for  maximum  moment 

L'  L-x 

It  follows  from  this  that  the  moment  will  be  increased  by  moving  the  loads  to  the  left 
provided  the  average  load  per  foot  on  the  whole  span  is  greater  than  the  average  load  on  the 
left  of  the  section.  Thus,  the  moment  at  any  section,  ss  A,  will  occur  when  some  load  lies  at 
that  point,  and  that  load  must  be  such  that  when  it  lies  just  to  the  right  of  the  section,  the  av- 
erage load  on  the  whole  span  will  be  greater  than  the  average  on  the  1^  while  if  it  Ues  to  the 
left  of  the  section,  the  average  load  on  the  left  will  be  the  greater. 

It  sometimes  happens  that  with  a  load  just  to  the  left  of  the  section,  the  average  load  on 
tiie  whole  span  is  just  equal  to  the  average  load  on  the  left  of  the  section.     This,  means  that 
the  moment  which  has  been  increasing  by  moving  the  loads  to  the  left,  will  now  remain  the 
same  until  some  load  either  cones  on  the  span,  passes  the  section,  or  goes  off  the  span.    If  a 
load  oomes  on  the  span,  the  moment  is  increased  and  the  loads  should  be  kept  moving  to  the 
left.     If  a  load  should  go  off  the  span  before  a  load  reaches  the  section,  then  the  average 
load  on  tHe  whole  span  is  still  greater  than  the  average  load  on  the  left,  and  the  moment 
will  keep  increasii^  until  some  load  reaches  the 
section,      lltus  it  follows  from  the  above,  that 
when   the  average   load   on   the  whole  span  is 
equal  to  the  avo^ge  load  on  the  left  of  the  sec- 
tion, the  resulting  moment  is  not  necessarily  a 
maximum.     It  is  a  maximum  only  when  no  load 
comes  on  or  goes  off  the  span  in  the  procesa  of 
moving  up  the  next  load  to  the  section.     In  such 

a  case  the  same  maximum  moment  is  obtained  p^^  ^ 

for  the  two  loads  in  succession. 

S8c.  M.Tiitiiim  Shear  With  Floor  Beams. — The  position  of  loads  to  give  maxi- 
mum shear  in  any  given  panel  of  a  girder  or  truss  must  firnt  be  determined  before  the  value  of 
this  maximum  shear  can  be  found.  Let  Pig.  63  represent  a  system  of  concentrated  loads  on  a 
bridge  having  floor  beams.  Suppose  the  maximum  shear  from  the  hve  load  is  required  in 
panel  6e.  Let  Qi  be  the  total  load  on  the  bridge  to  the  left  of  the  panel  in  question,  G,  the  sum 
of  the  loads  in  the  panel  he,  and  Q  the  total  load  on  the  span.  Also  let  z  equal  the  distance  from 
Q  to  the  right  abutment,  and  Xi  the  distance  from  G,  to  the  poijit  c. 
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Then  the  shear 

_-      Gx      GiXi      f^ 

L  p 

Let  the  system  of  loads  be  moved  a  distance  A  to  the  left;  then  the  new  shear  is 

„,      G{x  -h  A)      Gtix2  +  A)      ^ 

L  p 

The  shear  has  been  increased  by  the  operation  provided 

G(x  H-  A)      Gt(xt  -h  A)      ^  ^  Ox      Gtxt      ^ 
—L p --Oi>^-—  -Oi 

or 

GO, 

L>  p 

The  above  expression  means  that  to  increase  the  shear  we  move  to  the  left  if  the  average 
load  per  foot  on  the  whole  span  is  greater  than  the  average  load  in  the  panel  in  question,  and 
vice  versa.  Hence,  we  find  that  the  maximum  shear  in  the  panel  will  occur  when  some  load 
is  at  the  panel  point  at  the  right  of  the  panel,  and  that  lo£^  must  be  such  that  when  it  lies  just 
to  the  right  of  the  panel  point,  the  average  load  on  the  whole  span  will  be  greater  than  the  aver- 
age in  the  panel,  while  if  it  lies  to  the  left  of  the  panel  point,  the  average  load  in  the  panel  will 
be  the  greater.     More  than  one  maximum  may  be  found  under  each  set  of  heavy  loads. 

68d.  Maximnm  Moment  With  Floor  Beams. — As  shown  in  Fig.  61,  the  moment 
between  floor  beams  is  alwa3rs  less  than  if  there  were  no  floor  beams.  Hence,  it  is  only  necessary 
to  compute  the  maximum  moments  at  the  floor  beams  and  to  do  it  as  if  there  were*no  floor 
beams. 

58e.  Absolute  Ma  Tim  "m  Moment — When  a  series  of  concentrated  loads  passes 

P  P  P         P     P     P  °^®^  *  structure  without  floor  beams,  the  bending  moment 

{'  p  I  ■*   !     p    I  -^    I  ^  under  a  given  wheel  load  will  vary  and  will  be  a  maximum 

T  T     1     T      Y      T when  the  wheel  is  near  the  center  of  the  beam.     There 

I  A  will,  consequently,  be  a  maximum  moment  considering  each 

-y  "T     ^fp ^  — H  wheel  load  and  the  greatest  of  these  moments  is  called  the 

£ ->|  absolute  maximum  moment. 

Suppose  the  maximum  moment  is  required  at  the  load 
Ps,  Fig.  64,  as  the  load  system  passes  over  tlie  span.     Let  R 
equal  the  resultant  of  all  the  loads  on  the  span  when  Pi  is  somewhere  near  the  center  of  the 
beam.     The  moment  at  P3  is 

Mz  =  iJ  -p  —  (moments  of  loads  Pi  and  Pj) 

In  order  for  M 1  to  be  a  maximum,  xymuBt  be  a  maximum;  that  is,  x  must  equal  y.  In 
other  words,  the  center  of  the  beam  must  be  half  way  between  Pi  and  R,  Thus,  the  method 
of  determining  the  maximum  moment  under  any  one  of  the  concentrated  loads  is  to  place  the 
loads  so  that  the  load  in  question  is  near  the  center  of  the  beam  and  then  find  the  line  of  action 
of  the  resultant  of  the  loads  which  are  on  the  span.  (It  is  more  convenient  to  move  a  line  repre- 
senting the  length  of  the  beam  than  it  is  to  move  the  loads.)  The  beam  should  then  be  placed 
so  that  its  center  will  come  midway  between  R  and  the  load  in  question,  and  the  maximum 
moment  at  the  load  computed.  The  maximum  moment  should  next  be  found  at  each  of 
the  heavy  loads  in  the  same  manner  as  above.  The  greatest  moment  will  be  the  absolute 
maximum. 

SIMPLE  AND  CANTILEVER  BEAMS 

By  Walter  W.  Clifford 

69.  General  Method  of  Design. — The  maximum  bending  moment  and  maximum  shear 
in  a  beam  should  first  be  computed  as  explained  in  the  preceding  chapter.  Then  the  problem  in 
the  design  of  beams  is  to  select  one  of  such  section  that  the  maximum  unit  stresses  induced  in 

1. 
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FiQ.  66. 


'the  beam  will  be  satisfactory  and  will  not  exceed  the  allowable  working  stresses.  Formula^ 
for  unit  stresses  are  used,  one  in  terms  of  maximum  moment  and  the  other  in  terms  of  maximum 
shear. 

60.  Bending. — When  a  beam  supported  at  each  end  deflects  under  a  load,  the  upper  fibers 
shorten  and  the  lower  fibers  elongate.  In  a  simple  beam,  therefore,  the  upper  fibers  are  in  com- 
pression and  the  lower  fibers  in  tension.     With  a  cantilever  beam  the  ^.^ ^  ^ 

reverse  is  true.  C  .^ ""^ ^  J 

Figs.  65  and  66  show,  much  exaggerated,  the  effect  of  bending  on  a  |  | 

simple  beam  and  cantilever  beam  respectively.     The  full  lines  represent  p,Q  ^ 

the  position  of  the  beam  before  bending  and  the  dash  lines  afte/  bending. 
In  each  beam  there  is  a  horizontal  plane  or  section,  perpendicular  to  the 
elevations  shown,  in  which  the  fibers  neither  elongate  nor  shorten. 
This  is  called  the  neutral  plane.  The  line  of  intersection  of  the  neutral 
plane  with  a  vertical  cross  section  is  called  the  nexUral  axis  of  the  section. 

61.  Fundamental  Bending  Formula. 

61a.  Assumptions. — In  order  to  get  an  expression  for  fiber 
stress  in  terms  of  bending  moment,  certain  assumptions  must  be  made. 

1.  It  is  assumed  that  a  plane  cross  section  before  bending  remains  a  plane  after  bending — 
that  is,  the  two  planes  shown  in  Hg.  67  by  the  full  heavy  lines  remain  planes  when  they 
assume  their  dotted  positions  after  bending.  Above  the  neutral  axis  the  planes  move  toward 
each  other  an  amount  varying  uniformly  from  the  neutral  axis  to  a  maximum  at  the  top  of  the 

sections.     Below  the  neutral  axis  they  move  away  from 
each  other  in  a  similar  manner.     This  assumption  is  shown 
'A'    by  tests  to  be  true  within  the  precision  of  ordinary  struc- 
'A   tural  work. 

2.  It  b  assumed  that  stress  varies  as  deformation. 
This  is  also  borne  out  by  experiments  within  working  limits 
(see  Art.  19). 

From  the  first  assumption  it  follows  that  deformation  varies  from  the  neutral  axis  to  a 
maximum  at  the  outside  fiber,  and  from  the  second  assumption  it  follows  that  the  stress  varies 
in  the  same  way.  There  is,  therefore,  uniformly  varying  compression  on  one  side  of  the  neutral 
axb  and  uniformly  varying  tension  on  the  other.  The  moment  of  this  compression  and  tension 
constitutes  the  resisting  moment. 

In  standard  treatises  on  mechanics  it  is  demonstrated  from  the  above  assumptions  that  the 
neutral  axis  in  homogeneous  beams  passes  through  the  center  of  gravity  of  the  section. 

616.  Derivation  of  Formula.p-The  "unit"  stress  diagram  for  any  section  of  a 
beam  is  given  in  Fig.  68,  and  shows  the  unit  stress  to  vary  uniformly  from  the  neutral  axis. 
If  the  fiber  stress  at  the  outside  fiber,  distant  c  from  the  neutral 
axis,  be  denoted  by  /,  then  the  fiber  stress  at  any  point  distant  x 

from  the  neutral  axis  is  -  / ;  and  the  moment  about  the  neutral 

c 

axis  of  the  stress  on  an  infinitely  small  area,  distant  x  from  the 

,  and  the  moment  for  the 


Fig.  67. 


dtoyrom 
Fxo.  68. 


neutral  axis,  is  a  •  -•/  •  x,  orM,  =  ——  • 

e      f  c 

whole  section  is  Af  =  -  Zax*. 

c 

The  term  Z  represents  summation  and  the  quantity  Zax*  means  the  sum  of  the  products 

obtained   by  multiplying  each  infinitesimal  area  by  the  square  of  its  distance  from  the 

neutral  axis.    In  rectangular  sections,  c  «  k* 

61c.  Moment  of  Inertia. — The  quantity  Xax^  is  called  the  moment  of  inertia 
of  the  section  about  the  neutral  axis,  and  is  denoted  by  /.  The  general  term  moment  ofinertiOy 
however,  refers  to  any  axis  so  the  moment  of  inertia  of  a  section  with  respect  to  an  axis  may  be 
defined  as  the  sum  of  the  products  obtained  by  multiplying  each  infinitesimal  area  of  the  section 
by  the  square  of  its  distance  from  the  given  axis.     Values  of  /  for  various  sections  are  given 
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in  "CM-Deipe"  and  other  handbooks.    Substituting  J  in  the  formula  of  the  preceding  article 
we  have 


-U. 


I . 


a  c&lled  the  tedion  moduhu. 


which  is  the  general  formula  for  reekting  momeDt  ii 

tlft.  Design  of  Wooden  Beams  for  Moment. — From  the  standpoint  of  moment 
eomputation  the  wooden  beam  is  simplest  It  is  homogeneous  and  of  rectangular  section. 
Hie  "total"  stress  diagram  is  therefore  similar  in  shape  to  the  "unit"  stress  diagram  (compare 
F!gB.  68  and  69).     /  for  a  rectangle  is  -r=.     Substituting  this  in  the  general  formula, 


■  12- 


I 


^tlO 


fhd} 


orftd*  -  -j- 


in  (Fit.  68}  or  C  -  7 


:  Tba  total  oom- 

u  tha  diatkBoc  twtlrMii  tfaa 

TK..„."'.M_™' 


Tha  abon  larmulk  i 

la  b«  the  BTeiiee  vUtm.     Tha  : 
centan  of  (rsvity  of  the  two  triw 

To  deugn  a  wooden  beam  for  moment  the  only  procedure 
y  13  to  substitute,  in  the  fonnula  hd*  =•  -^,  the  allowable  fiber  streee  and  the  maxi- 
mum bending  moment  (since  the  resisting  moment  must  equal  the  external  bending  moment) 
and  choose  values  of  6  and  d  which  will  make  txJ*  equal  to  or  greater  than  -^ ,  Some  hand- 
booka  give  the  allowable  bending  momentA  and  section  moduli  for  dressed  timber  (tee 
Sect.  2,  Art.  2a). 

From  tiie  forgoing,  it  is  evident  that  the  strength  of  homogeneous  rectangular  beams  in 
moment  vaiitf  aa  the  square  of  the  depth  and  as  the  first  power  of  the  breadth. 

61e<  Design  of  Steel  Beams  for  Moment. — Steel  beams  are  most  commonly 
/  or  channel  shape.  The  bulk  of  the  metal  is,  for  economy,  at  the  top  and  bottom  where  it 
will  have  higher  fiber  Btreasee.  The  "total"  stress  diagram 
for  these  sections,  inatead  of  being  the  same  shape  as  tjie 
"unit"  streea  diagram,  is  as  shown  in  Mg.  70.  Hand- 
books giving  the  properties  of  standard  steel  sections  are 
published  by  steel  companies  and  are  universally  used  (see 
ehaptw  on  "Steel  Bhapea  and  Properties  of  Sections"  in 
Sect  2). 

Ql/>  Deaign  of  Caat-iron  Beams  for  Moment. 
Cast-iron  beams,  as  such,  are  almost  never  seen.  In 
the  common  uses  of  cast  iron,  such  as  bases,  covers,  etc., 

various  parts,  and  often  the  whole  must  be  designed  as  a  beam.  This 
is  done  by  the  general  formula  /  ^  —j-.  Such  sections  are  usually 
-  irregular  in  shape  and  the  center  of  gravity  and  the  moment  of  inertia 
must  be  computed. 

Computations  for  locating  the  center  of  gravity  are  explained  in 
Art.  44. 

Z\g.  Moment  of  Inertia  of   Compound    Sections. — The 

following  rule,  developed  in  treatises  on  mechanics,  apfdies  to  any  area: 

Fia.  71.  The  moment  of  inertia  of  an  area  with  respect  to  any  axis  equals  the 

moment  of  inertia  with  respect  to  a  parallel  axis  through  the  center  of 

gravity,  plus  the  product  obtained  by  multiplying  the  given  area  by  the  square  of  the  distance 

between  the  two  parallel  axes.     Expressed  by  formula  /]  —  /  +  Ax*,     finding  /  for  a  built-up 

section  is,  therefore,  a  question  of  dividing  the  section  into  simple  geometrical  areas,  or  areas 
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for  which  propertieB  can  be  obtained  from  a  handbook,  and  then  finding  the  moment  of  inertia 
ci  each  of  these  areas  about  the  neutral  axis  of  the  entire  section  by  applying  the  above  rule. 
A  summation  of  the  moment  of  inertias  so  found  gives  the  moment  of  inertia  of  the  entire  section. 
For  example,  to  find  the  moment  of  inertia  of  the  cast-iron  section  shown  in  Fig.  71,  divide 
the  section  into  two  rectangles  as  shown. 


T  for  f K.  „r.rv.r  r«.f^n«,1.  i«  ^*  =  W(l)(l)(l)    . 

I  for  tne  upper  rectangle  is  -j^  = r^ ~ 


/  for  the  lower  rectangle  is 


(1)(4)(4)(4) 
12 


0.33 


5.33 


Axi*  for  the  upper  rectansleis  (4) (1.26)* 
Axi*  for  the  lower  rectangle  is  (4)  (1.26)* 

I  of  entire  section 


6.25 
6.25 
18. 16  in.* 


62.  Bending  Formulas  for  Concrete. — In  concrete  beams  the  general  principles  are  the 
same  as  for  wooden  beams  but,  on  account  of  the  combination  of  materials,  the  neutral  axis 
is  not  at  the  center  of  gravity  of  the  concrete  section.  The  assumption  will  be  made  in  deriving 
formulas  for  concrete  beams  that  the  concrete  takes  no  tension.  This  assumption  b  not  strictly 
true,  but  the  error  is  slight  and  on  the  safe  side.  In  the  early  stages  of  loading  all  the  concrete  on 
the  tension  side  takes  tension  but  as  the  loading  increases,  the  concrete  cracks.  The  cracks 
start  at  the  bottom  of  beam  and  extend  toward  the  neutral  axis. 

Referring  to  Fig.  72,  let  As  and  Ac  represent  the  deformations  of  the  steel  and  concrete 
respectively,  as  shown. 

^■"*^     ButAc  =  -^andA«  =  •^, 


Then 


Therefore 


Aa 
Ac 

A£ 

Ac 


d-Jd 


A« 
Ac 


nfe 


If  we  let 


U 


kd 


m,  then 


1  -ib 


k 

—  or 

k 

_       n/e 

/.  +  nfc 

m 
n 

and 

k 

n 

m  -\-  n 


Fia.  72. 


The  depth  of  the  neatral  axis  is  therefore  dependent  only  upon  the  ratio  of  the  moduli  of 
elasticity  and  the  fiber  stresses  of  the  steel  and  concrete. 

The  arm  of  the  resisting  moment  is  from  the  center  of  gravity  of  the  concrete  stress  to  the 
center  of  the  steel,  or 

jd 


,       kd 


The  ratio  of  steel  area  to  total  area  is  called  p.     The  total  compressive  stress  iah  X  kd 

X  -i  and  the  total  tension  is  pbdf^.     The  allowable  resisting  moment  is  therefore  bkd  *  w'jd  or 

jibdStjd — ^that  is, 

M  -  Hfckobd\  OT  f.pjbd^ 

according  as  to  whether  the  steel  or  concrete  is  the  weaker.  It  is  obvious  that  good  design  will 
make  the  two  moments  as  nearly  equal  as  possible,  or  J^fckjhd^  —  ftVJ^t  whence 

Values  of /«,  /•  and  n  are  assumed  for  concrete  design  and  from  these  A;,  j,  and  p  can  be  computed 
by  using  the  above  formulas.  Then  by  placing  the  term  for  internal  moment  equal  to  the  actual 
external  bending  moment,  values  for  6  and  d  can  be  selected  to  satisfy  the  equation.  The  area 
of  steel  is  equal  to  pbd  and  suitable  rods  can  be  selected  to  give  the  required  area.  The  co- 
efficient of  6d*  in  the  term  for  the  resisting  moment  {ue,,  pf^j  and  Mfcki)  is  a  constant  for  any 
sdected  values  of  /•,  /«  and  n,  and  is  usually  denoted  by  K.  Table  giving  the  value  of  ^  as 
wdl  as  values  of  k  for  various  stresses  is  shown  on  p.  150. 
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For  investigating  concrete  beams  already  designed,  the  formulas  may  be  put  in  the  fol- 
lowing form: 

bd 

V  2pn  -f-  (pn)'  —  pn 
k 
3 
M 


P    -Ti 


7=1- 


HUM* 

M 


or/,  = 


_/cAj 


It  is  interesting  to  note  that  for  /«  =  16,000,  fe  "=  650  and  n  =  15,  and  for  other  values 

giving  the  same  A;,  the  formula  /  =  -rj^  as  used  for  wooden  beams  is  true  within  lessthan  1  %, 

and  gives  an  easily  remembered  method  for  the  design  of  simple  concrete  beams  knowing 
p  »  0.0077.     But  is  must  be  remembered  that  it  is  merely  a  mathematical  coincidence 
that  the  simple  beam  formula  applies  since  the  error  increases  greatly  with  other  unit  stresses. 
63.  Shear. 

68a.  Vertical  Shear. — Consider  a  beam  with  a  single  concentrated  load  at  the 
center  and  cut  away  the  left-hand  third  of  the  beam,  as  shown  in  Fig.  73.     By  the  principles  of 

statics  the  internal  forces  acting  on  the  section  cut  must  balance  the 
external  forces  acting  on  the  left-hand  portion  of  the  beam.  It  will 
be  seen  that  C  and  T,  the  resultants  of  the  compressive  and  tensile 
stresses  respectively  acting  on  the  section,  do  not  satisfy  the  condi- 

I"  tions  of  equihbrium  and  there  is  required  in  addition  the  vertical 

shear  V.     In  other  words,  each  vertical  section  must  resist  the  ex- 
ternal vertical  shear  at  that  section. 
^^^'  ^^'  686.  Horizontal  Shear. — It  is  quite  evident,  and  easily 

demonstrated  by  experiment,  that  if  a  beam  be  made  of  boards  laid  flat  one  on  another,  and 
then  loaded,  it  will  assume  the  condition  shown  in  Fig.  74.  This 
demonstrates  that  a  horizontal  shear  or  force  acts  along  the  fibers 
of  a  soUd  beam  at  different  depths  tending  to  cause  movement  on 
horizontal  planes.  This  longitudinal  shearing  stress  is  due  to  the 
change  of  horizontal  fiber  stresses  along  a  beam.  For  example,  if 
AC  and  BD  in  Fig.  76  are  the  **unit"  stress  diagrams  at  two  sections, 
a  unit  distance  apart,  the  cross-hatched  area  evidently  represents 

a  difference  in  stress  to  be  resisted  by  the  beam  in  horizontal  shear.     It 
is  evident  that  a  force  is  induced  at  every  longitudinal  layer  tending  to 
slide  it  past  the  next  section  above  it;  and  this  sliding  or  shearing  force, 
^  which  increases  at  every  layer,  attains  its  maximimi  intensity  at  the  neutral 

j^  axis. 

>^7  I  68c.  Shear  Variation  in  Wooden  Beams. — The  intensity  of  shear 

^  ^  along  a  vertical  cross-section  for  a  rectangular  beam  varies  as  the  ordinates 

to  a  parabola  as  shown  graphically  in  Fig.  69.     The  maximimi  intensity  is 


Fio.  74. 


Fia.  75. 


VQ 


m 


^  times  the  average. 

The  intensity  of  shear  at  any  point  in  a  beam  is  given  by  the  general  formula  v  =  -Vj 

which  Q  is  the  staticed  moment  about  the  neutral  axis  of  that  portion  of  the  cross-section  lying 
either  above  or  below  (depending  upon  whether  the  point  in  question  is  above  or  below  the  neu- 
tral axis)  an  axis  drawn  through  the  point  in  question  parallel  to  the  neutral  axis.  The  deriva- 
tion of  this  formula  is  given  in  standard  text  books  on  mechanics.  It  can  be  easily  demonstrated 
that  the  values  for  v  so  computed  will  fall  on  a  parabola  for  a  rectangular  section. 

68(/.  Shear  Variation  in  Steel  Beams. — In  a  steel  I-beam  most  of  the  tensile  and 
compressive  stresses  are  taken  by  the  flanges.     From  consideration  of  the  "total"  stress 
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VQ 
distnbution  (Fig.  70)  and  from  use  of  the  formula  v  =»  -tti  it  will  be  seen  th^t  there  b  very  little 

difference  between  the  intensity  of  shear  at  the  inner  edge  of  flange  and  at  the  neutral  axis. 
The  ''total''  shear  diagram  is  shown  in  Fig.  70.  In  steel  beams  the  shear  is  assumed  as  uni- 
formly distributed  over  the  web.  This  assumption  greatly  simplifies  computations,  and  b 
not  seriously  in  error. 

BSe*  Shear  Variation  in  Concrete  Beams. — The  variation  of  shear  in  a  concrete 
beam  is  shown  in  Fig.  76,  assuming  the  concrete  to  take  no  tension.  The  upper  half  of  the 
diagram  is  a  parabola  as  for  ihe  homogeneous  rectangular 
beam.  The  shear  from  the  neutral  axis  to  the  steel  is  con- 
stant since  no  tension  exists  between  these  points.  ,  The 

V 
maximum    intensity  of  shear  is  t;  =  j-rju     The  shear  dia- 


Sfrwss 

dfoyxnn  cttogran 

-Concrt'te  beam. 


gram,   assuming  the  concrete  to  take  tension  for  a  short 
distance  below  the  neutral  axis,  b  shown  in  Fig.  77.     The         Stction 
break  in  the  curve  b  at  the  top  of  the  tension  cracks  in  the  pio.  75^ 

concrete. 

63/.  Relation  Between  Vertical  and  Horizontal  Shear. — At. 
any  point  in  a  beam  the  intensity  of  the  horizontal  shear  b  eq^^al  to  the 
intensity  of  the  vertical  shear.  Thb  may  be  seen  by  considering  an 
infinitesimal  cube  from  any  part  of  a  beam.  The  moment  of  the  vortical 
shears  must  equal  the  moment  of  the  horizontal  shears  for  equilibrium. 
Therefore  the  intensity  of  the  shears  must  be  equal  and  the  general  formula 
and  diagrams  previously  given  are  true  for  vertical  as  well  as  horizontal  shear. 

68^.  Bond  in  Concrete  Beams. — Bond  in  beam  rods  b  a  specicd  case  of  horizontal 
shear,  being  the  horizontal  shear  on  the  surface  of  the  rods.     As  noted  in  a  previous  paragraph 

V 
the  maximum  intensity  of  shear  in  a  concrete  beam  b  v  ■=  —^     Thb  b  the  valtie  from  the 

neutral  axb  to  the  steel,  and  the  total  bond  for  a  unit  of  length  must  evidently  be  equal  to  thb 

y 
value  multiplied  by  &.     The  unit  bond  b  therefore  -ri  divided  by  the  entire  surface  of  all  the 

rods  per  unit  of  length,  or 

V 

(See  Notation  in  Appendix  A.) 

63A.  Minimum  Bar  Spacing  in  Concrete  Beams. — Spacing  of  reinforcing  bars 
must  evidently  be  such  that  the  concrete  on  a  horizontal  section  through  the  center  of  the  rods 
can  take,  in  shear,  the  amount  of  the  bond  on  the  lower  half  of  the  bars.  Practical  considera- 
tions as  noted  under  ''Reinforced  Concrete  Beams  and  Slabs,"  and  "Concrete  Detailing"  in 
Sect.  2  call  for  a  wider  spacing  than  determined  by  theory. 

64.  Diagonal  Compression  and  Tension. — It  b  proved  in  treatises  on  mechanics  that  if  / 

represents  the  intensity  of  horizontal  fiber  stress  and  v  the  in- 
tensity of  vertical  or  horizontal  shearing  stress  at  any  point  in  a 
beam,  the  intensity  of  the  inclined  stress  will  be  given  by  the 
formula  y  1 

•Untaefnaxwrwm  fwmion      ^^nd  the  direction  of  thb  stress  by  the  formula 
:^«'-  ^«-  tan  2K  -  "^ 

W-here  K  b  the  angle  of  the  stress  with  the  horizontal.  These  two  formulas  are  general  and 
^Pi4y  when/  b  either  tension  or  compression.  The  formula  for  K  shows  that  two  values  of  K^ 
((Ufi(^rixig  by  90deg.,  will  satbfy  the  equation;  that  b,  at  any  point  maximum  compressive  stress 
and  maximum  tensile  stress  make  an  angle  of  90  deg.  with  each  other.  Fig.  78  shows  approxi- 
mately the  directions  of  the  maximum  stresses  for  a  uniformly  loaded  beam. 
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The  following  statements  may  be  verified  by  using  the  above  fonnulas: 

(a)  At  the  end  of  a  simply  supported  beam  where  the  shear  is  a  maximum  and  the  bending 
moment  a  minimum,  the  stresses  lie  practically  at  45  deg.  to  the  horizontal  throughout  the 
entire  depth  of  beam. 

(h)  At  the  section  of  maximum  moment,  the  shear  is  zero  and  the  stresses  are  horixontaL 

The  fundamental  bending  formula — ^in  other  words,  the  common  theory  of  flexure — is  seen 
to  give  the  unit  fiber  stress  correctly  at  the  important  section  of  maximum  moment  and  also  for 
the  extreme  fibers  in  other  sections,  since  at  these  points  the  shear  is  zero.  Wh^e  the  shear  is 
not  zero,  an  inclined  stress  is  the  result  and  the  flexure  formula  gives  only  the  horizontal  compo- 
nent of  this  stress — ^namely,  the  fiber  stress. 

In  homogeneous  beams  of  rectangular  section,  the  diagonal  stresses  are  not  of  importance, 
but  in  steel  beams,  especially  in  the  case  of  built-up  plate  girders,  the  web  is  thin,  and  although 
of  sufficient  strength  to  resist  the  diagonal  tension  near  the  end  of  beam  (acting  at  approximately 
45  deg.  with  the  neutral  axis)  is  often  not  stiff  enough  to  take  the  diagonal  compression  without 
buckling.     For  this  reason  stiffener  angles  are  used  in  plate  girders  (see  Sect.  2,  Art.  52). 

In  concrete  beams,  on  the  other  hand,  the  material  is  amply  strong  in  compression  but  weak 
in  tension.  Stirrups  are  therefore  added  to  assist  in  taking  this  tension,  and  main  steel  is  bent 
up  near  the  supports.  From  Fig.  78  it  is  evident  that  shear  reinforcement  in  concrete  beams 
would  be  at  various  inclinations,  from  purely  theoretical  considerations,  but  this  is  not  practical. 
The  design  of  web  reinforcement  is  discussed  in  Sect.  2,  Art.  34.  It  should  be  noted  in  this 
connection  that  part  of  the  horizontal  reinforcement  should  alwa3rs  continue  through  to  the  end 
of  the  beam  in  order  to  avoid  the  occurrence  of  high  tensile  stresses  near  the  end  of  beam  where 
shear  is  a  maximum.  The  steel  stress  miist  be  kept  low  enough  so  that  large  cracks  will  not 
develop  in  the  concrete. 

66.  Flange  Buckling. — The  top  flange  of  a  steel  beam  is  in  effect  a  column  although  it  is 
stronger  than  a  column  standing  alone  because  of  its  connection  with  the  web.  It  is  therefore 
necessary  that  its  ratio  of  length  to  breadth  be  limited  in  a  similar  way  to  that  of  a  column,  if 
full  working  stress  is  to  be  used  in  design.  It  is  usually  specified  that  a  beam  must  be  supported 
laterally  at  distances  not  exceeding  20  times  the  flange  width  or  the  allowable  fiber  stress  must 
be  reduced.  The  reduction  is  usually  specified  to  be  in  accordance  with  a  modification  of  the 
formula  for  columns.  light  ties  or  trussing  may  be  iised  to  hold  the  top  flange,  or  the  flange 
may  be  stiffened  with  a  plate  or  a  channel. 

66.  Deflection. — The  general  formula  for  deflection  is  derived  in  treatises  on  mechanics. 
From  the  general  formula  are  developed  the  following  formulas  for  homogeneous  beams; 

5    Wl* 
Simple  beam  uniformly  loaded — Max.  deflection  tttt-.  -=rv  at  the  center. 

oo4  Ji/l 

1   Wl* 
Simple  beam  with  concentrated  load  in  the  center — j^  -^rr  a*  ^^^  center. 

1  Wl* 
Cantilever  with  uniform  load — ^  -^  at  the  end. 

1  Wl^ 
Cantilever  with  load  at  the  end — ^  -^  at  the  end. 

All  terms  must  be  in  inches  to  give  deflection  in  inches. 

Formulas  for  other  cases  may  be  found  in  the  steel  manufacturers'  handbooks.  J.  B.  Kom- 
mers,  in  the  Engineering  News- Record  for  Jan  2,  1919,  gives  a  very  interesting  method  for  com- 
puting ''Beam  Deflections  under  Distributed  or  Concentrated  Loadings." 

Deflection  of  supports  for  plastered  ceilings  is  commonly  limited  to  oarfi^  ^^  ^^  span. 

Denection,  or  stiffness  required,  often  limits  plank  floors.     Steel  beams  supporting  machines 

frequently  have  to  be  designed  for  deflection. 

Deflection  seldom  needs  to  be  computed  for  reinforced  concrete  beams  on  account  of  their 

great  stiffness.     G.  A.  Maney  in  a  paper  before  the  seventeenth  annual  meeting  of  the  American 

Society  for  Testing  Materials  presented  the  following  formula  for  the  deflection  of  a  reinforced 

concrete  beam  of  whatever  shape: 

It 
2>  "  c  -;  (eo  +  e,) 
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Where  D  =  maximum  deflection  (inches). 
I  -  span  (inches). 
d  «  depth  of  beam  to  the  center  of  the  steel  (inches). 


e 

Ci 


_/« 


unit  deformation  in  extreme  fiber  for  the  concrete  =  ^ . 
unit  deformation  in  extreme  fiber  for  the  steel  «  -^. 


Ci 


in  which 


the  numerical  coefficient  in  the  formula  for  deflection  of  homogeneous  beams, 

wl* 
D  '^  Ci-pTft  depending  on  the  loading  and  method  of  support. 

Ct  »  the  numerical  coefficient  in  the  formula  for  bending  moment,  M  =  Ctwl*, 

For  a  simple  beam  uniformly  loaded,  c  >■  ^g- 
For  a  simple  beam  loaded  at  center,  c    ^  Hi- 
For  a  cantilever  uniformly  loaded,  c       "  H- 
For  a  cantilever  loaded  at  the  end,  c      >■  H« 

67.  ITnBymmetrical  Bending. — The  most  common  case  of  oblique  loading  or  unsymmetrical 
bending  is  that  of  I-beam  and  channel  purlins  on  pitched  roofs  (see  chapter  on  ''Design  of 
Purlins  for  Sloping  Roofs''  in  Sect.  2,  also  the  last  chapter  in  this  section). 

66.  Stunmary  of  Formulas  for  Jhtemal  Stresses. 

Moment: 

General  (use  for  steel) 

.       Mc       M       ^      fl 

Wood  (use  for  homogeneous  rectangular  sections) 


-/S 


6Af 


M  - 


6 


bc<<  - 


6itf 


Concrete 

For  design 


n 


-=■        m  '^  -T 


k  - 


Ee 


n 


n  -j-m 


P  - 


M  - 


bd*kjf4 


bd*  - 


f,pjbd* 

M  _ 

"  ftVJ  ' 
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2M 
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M 

K 
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A^d 

2M  k 
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3  7 
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Shear: 


General 

VQ 

*        bl 


8 

Maximum 
for  wood 
3V_ 
•   "  2M 


8 


Steel  I 
V 


Concrete 
_V 

•  "  bjd 

SV 
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u  ■• 


Xojd 


42  HANDBOOK  OF  BUILDING  CONSTRUCTION  (Sec  1-69 

RESTRAINED  Ain>  CONTINUOUS  BEAMS 
By  Walter  W.  Clifford 

69.  General  Infomtation. — A  restrained  beam  is  one  which  is  more  or  less  fixed  at  one  or 
both  points  of  support.  A  cantilever  beam  is  the  most  common  example  of  a  restrained  beam. 
A  corUiniunte  beam  is  one  which  extends  over  three  or  more  supports.  At  the  interior  supports 
of  a  continuous  beam,  and  also  at  the  end  supports  if  restrained,  the  curvature  of  the  beam  is 

concave  downward — that  is,  like  a  cantilever,  but  just  the  oppo- 
site of  a  simple  beam.  In  a  continuous  beam  of  approximately- 
equal  spans  with  uniform  load,  the  curvature  near  the  middle  of  a 
span  is  like  that  of  a  simple  beam.  The  elastic  curve  (curve  of  the 
neutral  plane)  of  a  simple  beam,  a  cantilever  beam,  a  beam  fixed 
at  both  ends,  and  a  beam  continuous  over  four  spans,  are  shown 
in  Ilg.  79  in  the  order  mentioned.  It  is  assumed  that  the  beams 
are  uniformly  loaded. 

Where  the  curvature  of  the  beam  axis  is  concave  downward, 
it  is  evident  that  the  material  in  the  lower  part  of  the  beam  is  com- 
pressed and  that  in  the  upper  part  is  stretched,  or  in  tension.     This 
is  opposite  to  the  condition  in  a  simple  beam,  but  like  that  of 
the  cantilever.     The  bending  moment  in  a  simple  beam  is  com- 
monly called  positive  moment.     The  bending  moment  in  a  cantilever  is  of  the  opposite  sign  and 
is  called  negative  moment.     The  continuous  beam  has  negative  moment  at  the  interior  sup- 
ports and  usually  positive  moment  at  the  center  of  span. 

Fig.  80  shows  graphically  the  moment  variation  and  the  deflection  curve  for  a  beam  con- 
tinuous over  two  spans  and  uniformly  loaded.     There  are  two  points  in  the 
beam  where  the  moment  is  zero  for  this  loading.     These  points  are  called        _ 
inflection  points  and  are  indicated  by  small  circles.     Inflection  points  are  also  \.  .' 

indicated  by  small  circles  in  Fig.  79(d).  r)*^ 

Since  there  is  no  moment  at  an  inflection  point,  it  is  evident  that  a  hinge 
might  be  placed  at  this  point  without  changing  the  stresses  anywhere.  This 
is  equivalent  to  saying  that  the  part  of  a  continuous  beam  from  an  interior  p^^  ^ 

support  to  an  inflection  point  is  in  effect  a  cantilever;  and  the  part  of  a 
span  between  inflection  points  acts  as  a  simple  beam.  Practically  a  hinge  at  each  inflection 
point  would  throw  excessive  bending  into  the  supporting  piers  or  colunms,  in  the  case  of 
unsymmetrical  loading  But  if  we  put  hinges  at  the  inflection  points  of  alternate  bays,  we 
have  the  variation  of  the  continuous  beam  principle  used  for  cantilever  bridges  (see  Fig.  81). 
This  form  of  construction  is  also  used  for  girders,  both  concrete  and  steel.* 

Considering  the  two-span  beam  in  Fig.  80  as  a  cantilever 
I         {■*      "t         r"      'f         I      at  the  center  support  with  suspended  spans  on  each  side,  it  is 

evident  that  the  reactions  and  shears  are  not  the  same  as  for 
Fio.  81.  simple  beams.    One-half  the  load  on  each  suspended  span  goes 

to  the  end  support  adjoining  and  is  equal  in  amount  to  the 
reaction  at  that  support.  The  other  half  is  the  shear  at  the  inflection  point.  The  shear  at 
the  center  support  is  the  shear  at  the  inflection  point  plus  the  loads  between  this  point  and 
the  support.  The  shear  at  the  center  support  is  evidently  greater  than  at  the  end  supports. 
In  the  particular  case  shown  in  Fig.  80,  the  inflection  point  is  }i  I  from  the  center.  The 
shears  are  therefore  %  wl  and  ^xdaX  the  end  and  center  supports  respectively,  instead  of  both 
being  )^  u?  as  in  the  case  of  simple  beams.  Methods  for  computing  shear  in  continuous  beams 
are  given  in  Art.  71. 

70.  Assumption  Made  in  Design  of  Continuous  Beams. — The  moment  of  inertia,  /,  is 
usually  assiuned  to  be  constant  in  value  for  the  full  length  of  the  beam  and  the  supports  are 
assumed  to  be  on  the  same  level.     Although  the  assumption  with  regard  to  /  is  not  in  error  for 

«  See  article  on  Portland  bridge,  Eng.  Ree.,  Mar.  4,  1916,  p.  319. 
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a  wooden  or  steel  beani)  considerable  variation  in  the  value  of  /  may  occur  in  a  concrete  beam. 
For  example,  the  moment  of  inertia  is  usually  larger  at  the  center  of  span  for  reinforced  concrete 
T-beamSy  the  ratio  of  /  at  center  to  /  at  support  varying  from  1  to  1.50  in  typical  cases  of  design, 
which  causes  about  10%  variation  in  moment.  This  variation  in  the  value  of  /  increases 
the  positive  moment  and  decreases  the  n^ative  moment  from  the  values  as  computed,  assuming 
/  constant  throughout 

With  a  rigid  beam,  as  one  of  metal  or  wood,  and  with  rigid*  supports,  very  precise  work  is 
required  for  each  support  to  bear  evenly  on  the  imdeflected  beam.  In  a  beam  continuous  over 
two  equal  spans,  with  uniform  load,  the  center  support  carries  ^  of  the  load  and  the  negative 

moment  is  -^.  If  the  center  support  should  be  lowered  by  an  amount  equal  to  the  deflection 
of  a  beam  with  a  span  of  22,  the  cent^  support  would  take  none  of  the  load.     The  posi  tive  moment 

at  that  point  would  then  be  four  times  as  great  as  the  negative  moment  of  -^.  The  end  reac- 
tions would  be  increased  167  %.  For  a  steel  beam  with  two  10-ft.  spans,  this  lowering  of  the  center 
support  would  need  to  be  only  }i  in.  in  order  to  produce  the  above  change  in  moments  and  re- 
actions. From  this  illustration  it  should  be  clear  that  a  slight  change  in  elevation  of  a 
support  of  a  continuous  steel  beam  may  cause  a  great  change  in  the  moments  and  shears  as 
ordinarily  computed. 

With  a  concrete  beam,  the  supports  are  automatically  leveled  when  the  concrete  is  poured — 
that  is,  so  far  as  the  beam  itself  is  concerned.  The  only  possible  difference  in  elevation  must 
come  from  unequal  settlement  of  supports  or  deflection  of  members  in  the  finished  structure. 
In  the  case  of  well-designed  columns  and  footings  unequal  settlement  will  be  negligible.  On  the 
other  hand,  in  the  case  of  girders  supporting  continuous  cross  beams,  the  girders  will  deflect. 
When  this  occurs,  the  negative  moments  in  the  cross  beams  will  be  reduced,  but  the  positive 
moment  will  be  greater  than  the  moment  determined  for  supports  on  a  level.  Allowance  is 
made  for  this  in  all  concrete  design  specifications. 

71.  The  Three-moment  Equation. — The   usual  basis  of   con-  /km-zv 


tinuous-beam  design  is  the  three-moment  equation  derived  from  the  ■  "(p*^^  j*"^"-  p^ 

equation  of  the  elastic  curve.    The  mathematical  derivation  of  this  % — <— «'  ^4    »»  ' 

formula  is  found  in  standard  text  books  on  mechanics.     The  result 

is  an  equation  for  the  moments  at  three  adjacent  supports  in  terms  ^<>*  ^^* 

of  the  spans  and  loads.     If  the  ends  are  free,  the  equations  of  the     ^    ^ 

supports  taken  successively  in  groups  of  three  are  sufficient  to  solve    *^\*- 

for  all  the  moments  at  the  supports.     If  the  ends  are  fixed,  an  extra     1/    / 


span  with  a  length  of  zero  is  assumed  at  each  end  of  the  beam  to     A^ 
give  the  two  needed  extra  equations.     The  common  forms  of  the 
equations  are  as  follows: 

For  uniform  loads  (see  Fig.  82) 

Mill  +  2M,(li  +  W  -h  Mzh  -  -  H('^ili^  +  wA»)  (a) 

p  ForHsoncentrated  loads  (see  Fig.  83) 

f  f  ^      I  I  Mill  +  2Mt  (h  +  hi  -I-  M,/,  =  -  2  PiliHki  -  ki*) 

±-i— i 4—4  -  S  PA»(2Aj,  -  3fc,*+  kt*)  {b) 

"Tt  Both  of  these  equations  assume  level  supports  and  constant  /. 

i  Having  found  the  moments  at  the  supports,  the  shears  are 

found  by  considering  each  span  of  the  beam  (such  as  2-3,  Fig.  84a) 
Lty  J^  after  cutting  it  out  close  to  the  supports  (as  shown  by  the  planes  m 

" 1— ^>t         and  n),  assuming  the  same  shear  and  moment  to  act  at  each  end  of 

the  cut  portion  as  in  its  original  position  (Fig.  846).     By  taking 

.  y  moments  first  about  one  end  and  then  about  the  other,  the  values  of 

« ^  the  shears  may  be  determined.     The  moments  acting  at  the  ends  must 

^'^-  **•  be  included  in  the  moment  equations. 

The  reaction  at  a  support  is  the  sum  of  the  shears  on  each  side  of  the  support.     Inflection 

points  are  at  points  of  ssero  moment.     Maximum  positive  moments  are  at  points  of  zero  shear. 
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Hie  following  typical  iexample  indicates  the  method  of  appl3ring  the  thf eennoment  equa- 
tion to  an  actual  problem. 


ninstratiTe  ProUem. — Determine  the  shears,  reactions,  and  moments  at  the  supports  for  the  beam  of  Fi^.  85, 
loaded  as  shown. 

Using  general  Formula  (o)  and  noting  that  Mi  *  Oi,  we  have 

44Af J  +  lOAfi  -  -  4,320,000  -  4,000,000  -  -  8,320,000  ft.-lb.    (1) 
For  the  next  two  spans 

lOAfi  +  523f,  -  -  4,000,000  -  12,288,000  -  -  16,288,000  ft.-lb.    (2) 
Solving  (1)  and  (2)  for  Afi  and  Mt 


'^  OiOOOlbim-ft 


Fia.  85. 


Aft  -  -  123,000  ft.-lb. 
iff  -  -  290,000  ft.-lb. 


For  shear  in  span  1-2,  consider  this  span  out  out  of  the  beam  and  take  moments  about  2.     Consider  clockwise 
moments  plus. 

+  12Fi  -  (10,000)  (12)  (6)  -  Jtft  -  0 
720.000  -  123,000 


Vi  - 


12 


Taking  moments  about  1, 


VtL 


720,000  +  123,000 
12 


-  50.000  lb. 


70.000  lb. 


Vi  +  VtL"  120,000  -  (12)  (10,000)  check. 
Shear  in  span  2-3.     Taking  moments  about  ,2 

-  Mt  +  (16,000)  (10)  (5)  -  lOVtL  +  Aft  -  0 

VtL  -  96.600  lb. 
TlUdng  moments  about  3 

-  Af f  -  (16,000) (50)  +  IQVtB  +  Aft  -  0 

Vta  -  63,400  lb. 
VtL  +  Vta  -  160.000  -  (10)  (16,000)  check. 
Shear  in  span  3-4.     Similarly 

Vta  -  114,0001b. 
V*     -    77,6001b. 
The  reactions  will  be  as  follows: 

i2i.Fi  -    50,0001b. 

Rt  -  FiL  +  Vta  »  133,000  lb. 
Rt  "  VtL-h  Vta  -  211.0001b. 
«4    -  F4  -    78,0001b. 

472,000  lb.  -  sum  of  loads  (check). 

50  000 
For  span  1-2,  sero  shear  and  maximum  moment  is      '^^  i«  5.0  from  left  support,  and  M  at  this  point  is 


10,000 


5\« 


For  span  2-3.  sero  shear  is 


63.400 


(50,000)(5)  -  (10,000)(|)    -  -  125.000  ft.-; 
•  3.96  ft.  from  2.  and  M  at  this  point  is 


lb. 


16.000 
-  123,000  +  (3.96)  (63,400) 


^^•^^'(16.000)  -  2,600  ft.-lb. 


For  span  3-4,  the  maximum  positive  moment  is  253,000  ft.-lb.  and  occurs  at  a  point  6.5  ft.  from  the  right  support. 
Inflection  points  occur  as  follows: 

10,000x> 


Span  1-2. 


Af,  -  0  -  Fix  - 


Span  2-3. 


M, 


-  ^^  -  10  ft.  from  left  end. 
5,0U0 

«  0  -  -  123,000  -  ^(16,000)  +  63.600as 


x«  -  7.92«  -  -  16.38,  or  X  -  3.96  ±  0.55 
Inflection  points  occur  at  3.41  ft.  and  4,51  ft.  from  2.  '- 

Span  3—4.    Inflection  point  is  13.0  ft.  from  4. 
The  portions  of  the  beams  having  poeitive  moment  may  be  considered  simple  beams  as  a  oheok  on  the 
moment. 

(10,000)(10)(10) 


Span  1-2. 
Span  3-4. 
Span  2-3. 


M 


M  - 


M  - 


8 
(12.000)(13)(13) 

8 

(16,000)(1.10)(1.10) 
% 


125.000  ft.-lb. 


=  253.000  ft.-lb. 


2,400  ft.-lb. 


In  the  span  2-^,  the  inexact  check  is  due  to  lack  of  precision  of  the  slide  rule  in  the  previous  computations* 
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The  Ahecks  given  in  the  example  are  oheoks  on  certain  portions  of  the  mathematics  only  and  a  problem  may 
be  carried  through  incorrectly  and  all  these  checks  used. 

The  shears  and  moments  as  computed  above  are  shown  in  Fig.  86. 

The  foregoing  example  is  typical,  but  computations  are  often  long  and  laborious.  Consequently,  the  oppor- 
tunity for  mathematical  error  is  great  and  an  error  once  made  follows  through  succeeding  calculations.  Signs  are 
the  most  common  source  of  ent>r.  To  avmd  this  as  far  as  possible, 
the  sum  of  the  moments  should  be  equated  to  aero  instead  of  placing 
poaitiTe  moments  on  one  side  of  the  equality  sign  and  negative 
moments  on  the  other  side.  Great  care  must  be  used  in  determin- 
ing the  sign  of  the  various  functions.  It  is  well  to  call  clockwise  mo- 
ments plus  and  counterclockwise  moments  minus. 


Fio.  86. — Shear  and  moment  curves  for 
beam  shown  in  Fig.  85. 


Data  on  a  great  variety  of  continuous  beams  are 
given  in  HooUs  "Reinforced  Concrete  Cbnstruction," 
Vol.  II,  and  in''Ck>ncrete  Engineers'  EEandbook''  by  Hool 
and  Johnson. 

72.  Continuous  Beam  Practice. 

72a.  Steel,  Wood,  and  [Cast  Iron. — Steel 
beams  are  practically  never  designed  as  continuous  in 
building  construction  on  account  of  variation  in  the 
height  of  supports.  They  are  ordinarily  fixed  to  columns 
by  riveted  connections,  but  the  columns  are,  however, 
often  of  little  greater  moment  of  inertia  than  the  beams. 
The  actual  fixity  of  th^  beams,  therefore,  depends  upon 
the  stiffness  of  the  column  and  adjacent  beams.  Except 
where  mnd  loads  are  to  be  considered  (see  Chapter  on 
"Wind  Bracing  of  Building,''  Sect.  3),  steel  beams  are  usually  assumed  to  have  free  ends, 
which  is  on  the  safe  side  as  far  as  the  beams  are  concerned. 

Wooden  beams  are  seldom  continuous  and  in  building  construction  usually  have  free  ends. 
Cast-iron  members  or  parts  are  often  continuous  and  are  sometimes  fixed  at  the  ends.  Suitable 
reductions  in  moment  factors  should  therefore  be  made. 

It  should  be  noted  that  beams  of  two  spans  have  the  same  maximum  moment,  whether 
continuous  or  simple.  If  beams  are  of  constant  section,  there  is,  therefore,  no  difference  in 
section  required.  If  shear  or  center  reaction  is  the  criterion,  however,  the  excess  of  25%  in 
shear  at  the  center  support  in  the  case  of  the  continuous  beam  should  be  considered. 

726.  Concrete. — ^The  principal  use  of  continuous-beam  design  in  buildings  is  in 
concrete  construction.  Where  spans  are  equal  or  very  nearly  so,  the  moments  recommended  by 
the  Joint  Committee^  are  commonly  used.  These  specify  double  the  strength  theoretically 
required  for  positive  moment  in  order  to  allow  for  deflection  of  supports. 

Simply-supported  ends  are  not  common  in  concrete  construction.  They  may  occur  when  a 
concrete  member  is  supported  on  steel  or  brick.  Where  concrete  supports  are  used,  there  is 
always  some  degree  of  fixity,  but  seldom  are  the  ends  entirely  fixed.     Beams  framing  into  heavy 

lower-story  columns  may  to  all  practical  purposes  be  considered  as  fixed. 

In  other  cases  there  is  partial  restraint  at  end  supports,  and  part  of  the 

moment  of  eccentric  loadings  is  taken  by  the  columns  at  intermediate 

supports.     This  matter  is  well  discussed  by  Edward  Smulski  in  an  article 

on  '^ Design  of  Wall  Colimins  and  End  Beams''  in  Joiunal  American 

/^\  Concrete  Institute  for  July,  1916. 

J- — .^L. — .V  ■■  J  In  practical  construction,  supports  have  condderable  width.     Thus 

U^    ^ihj^    moment  curves  over  supports  will  actually  be  somewhat  as  shown  in  Fig. 

87(6).  Thb  will  tend  to  reduce  the  maximum  negative  moment.  In  the 
theoretical  case,  the  maximum  occurs  at  one  point  only  (Fig.  87a). 
The  Joint  Committee  allows  higher  unit  stress  in  the  concrete  at  a  support  because  the  actual 
negative  moment  is  lower  than  that  figured  and  occiu^  only  for  a  short  length  of  beam,  and 
also  because  the  section  is  enlarged  due  to  the  column.* 


Pig.  87. 


1  See  Sect.  2,  Art.  38. 


*8ee  Sect.  2,  Art.  40/.  and  Appendix  /. 
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72c.  Concentrated  Loads. — Uniform  load  is  the  common  assumption  in  building 

design.     For  ordinary  concentrated  loads,  it  is  common  practice,  and  sufficiently  accurate, 

to  compute  the  maximum  moment  by  considering  the  beam  or  girder  simply  supported,  and 

then  reducing  this  maximum  moment  by  the  same  ratio  used  in  the  uniform  loading.     For 

example,  suppose  the  maximum  moment  due  to  gi^en  concentrated  loads  is  M,  considering  the 

beam  supported,  then  if  H2  «^P  would  be  used  in  uniform  loading  instead  of  J^  wP  required  far 

the  supported  beams,  ff  2  of  JIf,  or  %  jif,  maybe  used  for  the  concentrated  loads. 

72d.  Shear  and  Moment 
1  2 
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Fra.  88 A. — Shears  in   continuous  beams;  supported   ends;   uniform 
loads  on  all  spans;  spans  all  equal.     Coefficients  of  (to/). 
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Considerations. — In  the  case  of 
unimportant  members  or  those 
which  occur  only  once,  it  is  oft^i 

cheaper  to  design  even  for  -^  at 

both  center  and  support  than  to 
go  to  elaborate  computations* 
Moment  and  shear  factors  for  odd 
spans  or  unusual  loads  should  not 
be  assumed  by  any  but  experienced 
engineers. 

Shears  and  moments  in  con- 
tinuous beams  with  supported  ends, 
uniform  load  on  all  spans,  and  with 
spans  all  equal,  are  shown  in  Figs. 
88A  and  88B  respectively.  The 
beam  continuous  over  two  spans 
is  like  two  beams,  each  with  one 
end  fixed  and  one  end  supported. 
The  beam  fixed  at  both  ends  is 
like  the  center-span  portion  of  a 
continuous  beam  of  a  large  num- 
ber of  spans. 

The  moment  curves  of  a  fixed 
beam  and  a  simple  beam  for  uni-> 
form  loading  are  the  same  but  with 
the  axis  of  zero  moments  shifted 
(see  Fig.  89) — that  is,  the  arithme- 
tical sum  of  the  center  moment  and 
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Fio.  88B. — Moments  in  continuous  beams;  supported  ends;  uniform 
load  on  all  si>an8 ;  spans  all  equal.     Coefficients  of  (u>/'). 


Fig.  90  shows  moments  for 
center  concentrated  loads  on  two 
equal  spans,  fig.  91*  gives  shears 
and  moments  for  a  uniform  load  on 
two  continuous  spans,  one  twice 
the  other. 
For  important  members,  especially  those  which  are  typical  and  repeat  many  times,  com- 
putations should  be  made,  similar  to  the  example  given  in  Art.  71. 

In  concrete  construction  the  dead  load  is  usually  a  larger  proportion  of  the  total  load  than  is 
true  in  other  types  of  constmction.  This  dead  load  is  fixed  and  generally  uniform.  In  com- 
putations, therefore,  it  is  necessary  to  compute  moments  for  the  entire  uniform  dead  load  and 
open  compute  moments  for  live  load  with  such  spans  loaded  as  will  give  maximum  moments  at 


>  From  paper  by  Frank  S.  Bailbt  on  "  Continuous  Beams  of  Unequal  Spans"  in  Jmtr.  Boston  Soc.  C.  E.,  Oct., 


1917. 


Sec  l-72d\ 


ELEMENTS  OF  STRUCTURAL  THEORY 


47 


various  points.     The  live  and  dead  moments  must  then  be  so  combined  as  to  give  maximum 
vahies. 


Fio.  89. 


or  /Ajp^r^ 


f-v  4'    -^ 


^ 


,'^ 


Fig.  90. — Moments  for  concentrated  loads  on 
two  equal  spans. 


ur/bLptrft 


<—T 


•x?<- 


i 


Fig.  91. — Shears  and  moments  for  a  uniform  load  on  two  continuous  spans,  one  twice  the  other. 

The  following  functions  were  computed  for  a  three-span  beam,  the  center  span  being  twice 


w 


the  side  spans  and  a  live  load  of  -^  lb.  per  ft.  (Ilg.  92) : 


Loading 

Ri 

Ht 

VtL 

^«l 

Afi 

Positive  Afi_s 

at  center 

Lo^tion       v^,^^ 

Full 

Center 

span. . 
Both 

ends.. . 
One  end . 
Maxi- 

mom.. 

0.11  wl 

-0.12510/ 

0.23510/ 
0.227wl 

/+0.345io/\ 
\  -O.OI5tr// 

0.89  to/ 

0.62510/ 

0.265W/ 
0.289w/ 

1.78  wl 

0.39  wl 

0.12510/ 

0.265tt>/ 
-0.273ir/ 

0.78  10/ 

0.50  wl 

0.50  to/ 

0.00  to/ 
0 .016to/ 

l.OOOtr/ 

-0.14  io/» 

-0.125io/« 

-0.016to/« 
-0.023u;/« 

-0.28  io/» 

0.22 

0.012io/s 

0.11  to/« 

0.125io/« 

-0.016io/« 
-0.0142/* 

0.23510/s 

0.469/ 
0.456/ 

0.055io/« 
0 .05210/* 

0 .067ir/» 

One-half  of  the  beam  only  is  shown.  It  will  be  noted  that  Ri  and  Mi^2  arc  maximum  with  live 
load  on  two  end  spans.  Rtj  Vni  Vtn  and  Mi  are  maximum  with  full  load  and  3f  s-s  with 
live  load  on  the  center  span  only.  Some  parts  of  the  beam  may  have  cither  positive  or  nega- 
tive moment. 

Computations  may  be  made  directly  for  various  combinations  of  dead  and  live  loads  as 
was  done  for  a  large  school  building.  Loadings  as  indicated  in  Fig.  93  only  were  considered. 
The  resulting  maximum  moments  were: 
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Mi-t   -      0.0894u>2> 

Live  load  on  two  end  spans 

Dead  load  H  total      \ 

Mt      -  -0.0822ttr/« 

Live  load  on  one  end  span 

Mt~t   -  -O.O6O2t0{t 

Live  load  on  two  end  spans 

(No  positive  moment  in  center  span) 

Mi-t    -      0.0894to2s 

Dead  load  H  total 

Aft      -  -0  0822wZ« 
Af,.|   -  -0.057tr«« 

Loadings  as  above 

Max.  Ri  "  Ri  »»  0  A2ufl Live  load  on  end  si>ans 

Max.  Ri"  Rt"  O.SStvl Full  load 

Max.  VtL       "  0  .SSwl ^ Live  load  on  end  spans 

Max.  Vijt       ■■  0 .25tpl Live  load  on  center  span 

The  case  of  live  load  on  center  and  one  end  span  is  not  considered  in  these  examples. 


» 


S> 


Momtnfs^^wf  art  coeffscmth  oftitC 


aas-^ 


yy 


^f^ 


T 
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R 

FiQ.  93. 
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Fia.  92. 

From  the  foregoing  it  is  evident  that  a  relatively  short 
span  between  long  spans  may  have  negative  moment 
throughout.  In  the  case  of  a  very  short  intermediate 
span,  a  practical  method  of  design  is  to  neglect  it  as  a  beam 
and  treat  it  as  a  broad  support  for  the  adjacent  beams. 

726.  Shoring. — From  a  consideration  of  the 
moment  curve  for  two  spans  (Fig.  80)  it  is  evident  that 
indiscriminate  shoring  of  beams  in  the  center  may  do  more 
harm  than  good.  Consider  a  span  having  a  uniform  load 
and  introduce  a  support  in  the  center  at  the  same  elevation 
as  the  original  supports.  The  moment  over  this  support 
is  one  quarter  of  what  it  was  before,  but  of  opposite  sign. 
In  the  case  of  a  concrete  beam  or  of  a  truss  the  result  will 
often  be  failure.  The  shear  which  was  zero  at  the  center 
becomes  ^{eth  of  the  whole  load,  which  may  also  be 
dangerous. 
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78.  Deflection. — Continuous  and  fixed  beams  have  less  moment  under  similar  conditions 
than  simple  beams  and  the  deflection  is  therefore  less.  Some  moments  and  shears  as  well  as 
deflections  are  here  repeated  for  comparison : 


Maximum 
positive 
moment 


Maximum 
negative 
moment 


Distance 
from  8ui>pQrt 
to  inflection 
point 


Maximum 
deflection 


Smple  beam;  uniform  load 

Simple  beam;  concentrated  load 

Cantilever;  uniform  load 

Cantilever;  load  at  end 

Beam  fixed  one  end,  supported  at  other;  uniform  load . . 

Beam  fixed  one  end,  supported  at  other;  concentrated 
load  at  center 

Beam  fixed  at  both  ends;  uniform  load 

Beam  fixed  at  both  ends;  concentrated  load  at  center . . 


8 
Wl 

4 


9 
128 


v>l* 


32 

wl* 

24 

Wl 

8 


2 

Wl 

8 


16 
12 

m 

8 


Wl 


b 


ii 
11 

0.2111 

1 

4 


5u>l* 
384  l^J 

WP 
4SBI 
wl* 

SEI 

Wl* 
ZEI 


0.098 


BI 


Wl* 

0.0054  — 

EI 


384^/ 
Wl* 
192 


74.  Internal  Stresses. — The  formulas  for  internal  moment  and  shear  developed  in  the 
chapter  on  ''Simple  and. Cantilever  Beams''  apply  to  continuous  and  restrained  beams.  In 
parts  subjected  to  negative  moment,  compression  will  be  at  the  bottom  and  tension  at  the  top 
as  in  a  cantilever.  In  the  rest  of  the  beam,  stresses  will  be  as  in  simple  beams.  The  magnitude 
and  direction  of  shear  and  diagonal  tension  is  the  same  in  relation  to  the  external  moment  and 
shear  in  continuous  and  restrained  beams  as  it  b  in  simple  beams. 
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GENERAL  METHODS  OF  COMPUTING  STRESSES  IN  TRUSSES 

By  George  A.  Hool 

76.  Two  Methods  Used. — The  stresses  in  the  members  of  a  truss  may  be  computed  either 
by  a  "method  of  sections"  or  by  a  "method  of  joints."  It  is  often  convenient  to  compute 
the  stresses  in  some  of  the  members  of  a  truss 
by  one  method  and  the  stresses  in  the  remaining 
members  by  the  other  method. 

In  either  method  the  necessary  procedure, 
in  order  to  determine  stresses  for  a  given  load- 
ing, is  to  separate  the  given  truss  into  two  parts 
by  an  imaginary  section,  either  plane  or  curved; 
the  part  of  the  truss  to  one  side  of  the  section 
is  removed  (that  is,  considered  so)  together  with  * 
all  external  forces,  and  the  members  that  are 


(c) 


cut  by  the  section  are  replaced  by  the  stresses 
acting  in  those  members.  By  so  doing,  the 
part  of  the  truss  considered  will  be  in  equilibrium 
due  to  the  outer  forces  acting  on  that  portion 
of  the  truss  and  the  stresses  in  the  members 
cut.  If  the  section  is  taken  completely  across  the  truss,  as  XX'  or  YY\  Fig.  94(a),  so  that 
the  members  cut  do  not  all  intersect  in  one  point,  then  the  method  used  is  the  method  of 
4 
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sections.  If  the  section  is  .so  taken  that  the  members  do  all  intersect  in  one  point,  as  ZZ\ 
Fig.  94(a),  then  the  method  used  is  the  method  of  joints, 

76.  Algebraic  Treatment. — The  algebraic  treatment  of  the  method  of  sections  will  be  ex- 
plained with  reference  to  the  truss  shown  in  Fig.  94(a)  which  is  subjected  to  moving  loads  trans- 
mitted to  the  lower  panel  points.  Assume  that  the  maximum  stresses  in  members  (1),  (2)  and 
(3)  of  the  truss  are  required,  these  members  being  cut  by  the  section  XX\  Consider  the  portion 
of  the  truss  shown  in  Fig.  94(6).  For  a  definite  loading  the  forces  are  all  in  equilibrium  as  ex- 
plained above  and,  since  only  three  members  are  cut,  any  or  all  of  the  three  equations  of  equi- 
librium can  be  used;  namely,  XH  =0,  XV  «  0,  and  XM  =  0  (see  Art.  436).  Rrst  use  the 
equation  Zilf  —  0.  This  equation  is  true  about  any  point  in  the  plane  of  the  truss  but,  in 
order  to  get  the  stress  in  a  given  member  directly,  it  is  necessary  to  take  the  center  of  moments 
at  the  intersection  of  the  other  two  members.  For  example,  the  stress  in  Ft  for  a  given  loading 
can  be  found  by  taking  moments  about  the  point  Ui»  It  should  be  noticed  that  Ui  is  vertically 
above  Li  and,  since  the  loads  are  all  vertical,  the  moments  at  Ui  and  Li  are  equal.  The  maxi- 
mum stress  in  Ft,  then,  occurs  with  the  loading  which  gives  maximum  moment  at  the  first  panel 
point  from  the  left  support  (see  chapter  on  '' Shears  and  Moments").  Call  this  maximum 
moment  3/ 1.  The  moment  of  Ft  (when  Fs  is  a  maximum)  about  the  point  Ui  must  be  equal  and 
opposite  to  3f  1  in  order  that  XM  may  equal  zero.     Thus 

(max.  F,)(^)  =  Ml 
or  max.  r  i  «  -r- 

In  the  same  manner,  calling  3/ s  the  maximum  moment  at  the  second  panel  point, 

max.  r  1  =*  — r- 

It  should  be  observed  (using  XM  -»  0)  that  the  stress  in  the  upper  chord  acts  toward  the 
section,  thus  denoting  compression,  while  the  stress  in  the  lower  chord  acts  away  from  the 
section,  thus  denoting  tension;  that  is,  Fi  =  compression  and  Ft  =  tension.  This  is  true  of 
all  the  upper  and  lower  chords  throughout  the  truss. 

The  maximum  stress  Fi  remains  to  be  found.  This  may  be  accomplished  by  using  the 
equation  XV  —  0.  The  vertical  component  of  the  maximum  stress  in  Fs  is  equal  to  the  maxi- 
mum positive  shear  in  the  second  panel  from  the  left  support      Call  this  component  Fi.     Tlicn 

max.  Ft  =  vM^' 

ft 

In  using  the  equation  S  F  »  0,  observe  that  the  stress  acts  away  from  the  section,  thus  denoting 
tension. 

Let  the  maximum  stress  be  required  in  members  (1),  (4),  and  (5),  Fig.  94(a).  Take  the 
section  YY',  Using  XH  ^  0,  and  knowing  that  the  loads  are  all  vertical,  the  stress  in  member 
(1)  is  seen  to  be  equal  and  opposite  to  the  stress  in  member  (5).  This  applies  for  any  loading, 
hence  the  loading  giving  maximum  stress  in  member  (1)  will  also  give  a  maximum  stress  in 
member  (5)  of  the  same  amount ;  that  is,  the  loading  giving  the  maximum  moment  at  the  second 
panel  point  from  the  left  support  will  cause  maximum  stress  in  both  members  (1)  and  (5). 

The  maximum  stress  (compression)  in  member  (1)  is,  as  before,  -r—  using  XM  «  0.     This 

same  amount  of  tension,  then,  occurs  in  member  (5).  The  maximum  stress  in  member  (4) 
is  directly  the  maximum  positive  shear  in  the  third  panel  from  the  left  support,  using  the  equa- 
tion SK  =  0.     Stress  in  member  (4)  is  compression. 

In  the  method  of  sections,  the  section  should  always  be  taken  so  as  to  cut  only  three 
members  whose  stresses  are  unknown.  If  more  than  three  members  are  cut,  there  are  more 
unknown  quantities  than  can  be  found  by  the  principles  of  statics. 

The  method  of  joints  is  only  a  name  given  to  the  manner  of  determining  stresses  from  the 
conditions  of  equilibrium  of  concurrent  forces.  The  manner  of  using  the  algebraic  conditions, 
namely,  XH  =  0  and  SF  =  0,  is  explained  in  an  illustrative  problem  on  p.  10,  the  stresses 
being  determined  in  the  members  of  a  crane  truss.     It  should  be  clear  that  this  method  can  be 
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applied  to  a  joint  only  when  there  are  two  unknown  stresses.  In  solving  a  truss  by  this  method, 
it  is  evident  that  a  joint  must  be  selected  where  but  two  members  meet  and  then  proceed  from 
this  to  other  joints. 

In  the  algebraic  method  of  joints,  if  a  maximum  stress  is  desired  in  a  certain  member  of  a 
truss,  all  the  joints  from  one  end  of  the  truss  up  to  the  member  considered  must  be  computed 
for  the  loading  giving  maximum  stress  in  that  member  only.  For  this  reason  the  algebraic 
method,  although  perfectly  general,  is  too  laborious  to  be  employed  in  practice  in  determining 
the  maximum  stresses  in  all  the  members  of  an  ordinary  truss.  It  may  be  used  with  great 
advantage,  however,  for  certain  specific  members,  and  should  be  understood.  A  graphical 
method  based  upon  the  same  principles  is  well  adapted  for  many  types  of  trusses,  particularly 
roof  trusses  with  non-parallel  chords.  In  roof  trusses,  the  conditions  for  probable  maximum 
stress  in  the  given  members  are  few,  and  usually  all  the  stresses  may  be  computed  graphically 
for  each  loading  in  much  shorter  time  than  it  would  take  to  compute  the  stresses  throughout 
the  truss  algebraically  for  any  one  condition  of  loading. 

IlliMtratiTe  Probl«iii. — Roof  truM  o(  Fig.  95(a) ;  lo«d«  m  ftbpwn.  (a)  Required  the  gtreflees  in  all  members  alge* 
braiomlly  by  the  method  of  lections.     (6)  By  the  method  of  joints. 

(o)  Method  of  Sections 

To  find  the  stresses  in  members  LtUi  and  L«Li,  pass  a  section  a-6  cutting  these  Members.  Consider  the  trust 
to  the  left  of  the  section.  Fig.  95(6)  shows  the  joint  at  Lt  removed  and  the  known  loads  M>pUed,  together  with  the 
unknowns  Si  and  St,  assumed  to  act  as  shown.  Consider  upward  forces  and  fonjes  to  the  right  as  positive;  down- 
ward forces  and  forces  to  the  left  as  negative.  The  two  equations,  ZF  >  0  and  XH  »  0,  may  be  employed  to  find 
the  two  stresses  ^i  and  St. 

ZV  -  0.     4000  -  1000  -  £ri  sin  9  -  0 

S\  ■■  (3000)  (     '     j  ■■  6710  lb.  (compressipn.  as  assumed,  since  result  is  positive). 
2^  -  0.     5s  -  5i  COB  9  -  0 

St  «  (6710)  (oottfl)  "  ^^'^  1^-  (tension,  as  assumed,  since  result  is  positive). 

To  find  the  stresses  in  members  U\  C/s.  C/iLt,  and  LiLs,  pass  a  section  e-d  cutting  these  members  and  consider 
the  portion  of  the  structure  to  the  left  (Fig.  95c).  The  three  equations  of  equilibrium  may  be  used  to  determine 
the  three  unknown  stresses,  but  the  solution  may  be  simplified  by  employing  only  XM  >  0  three  times.     This  equa- 
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tion  should  be  applied  at  the  intersection  of  two  members  to  find  the  strem  in  the  third.  Thus,  to  determine  the 
stress  in  Ui  Ut,  take  moments  about  Lt,  the  intersection  of  UiLt  and  LiLt.  Then«  considering  clockwise  moments  as 
positive, 

4000(20)  -  1000(20)  -  2000(10)  -  Stia)  -  0 
St  ->  4470  lb.  (compression) 
The  stress  in  ^4  may  be  obtained  by  taking  moments  about  L«.  the  intersection  of  Ui  Ut  and  LiLt. 

2000(10)  -  54(6)  -  0 
S*  "  2240  lb.  (compression) 
The  stress  in  S§  may  be  found  by  taking  moments  about  C7i,  the  intersection  of  UiLt  and  UiUt. 

(4000  -  1000)  (10)  -  St(5)  -  0 
St  -  6000  lb.  (tension) 
Other  sections  should  now  be  taken  cutting  only  three  members  whoee  stresses  are  unknown  and  the  moment 
equation  again  M>plied.     Proceeding  in  this  manner  the  stresses  in  all  the  members  may  be  determined. 

(6)  Method  of  Joints 

The  stresses  in  members  LoUi  and  L^Li  are  determined  as  for  the  method  of  sections  and  the  solution  will  not 
be  repeated  here. 
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Paaring  now  to  the  next  joint  at  which  only  two  unknowns  exist,  joint  Li  will  be  selected,  shown  in  Fig.  06(a). 

2F  -  0.     5.  -  0 
ZH  »0.    St-  SfO 

or  5«  -  iSt  «  6000  lb.  (tension) 
Next  pass  to  joint  Uu  which  is  shown  in  Fig.  96(6) .    The  two  unknown  forces  are  S»  and  84. 
ZV  -  0.    81  sintf  +  84  sinf  -  8t  sintf  -  2000  -  0 

^4  sintf  -  5f  mn$  -  -  1000 
Zir  -  0.    81  eoa»  -  84  0QB$  -  89  eoa$  -  0 
^4  co8«  +  89  cos*  -  6000 
These  independent  equations  involve  only  the  unknowns  89  and  84.    Solving  simultaneously 

^  -.  5i  -  -  2236 
S4  +  iSa  -  +  6708 
89  "  4470  lb.  (compression) 
iS4">  22401b.  (compression) 
The  stresses  at  joint  Ui  are  now  completely  determined.     In  the  same  way  pass  to  the  other 
Fia.  96.  joints  until  all  the  stresses  in  the  members  of  the  truss  are  determined. 

77.  Graphical  Treatment. — In  the  graphical  method  of  sections  it  is  necessary  to  commence 
at  one  end  of  the  structure  and  pass  a  section  cutting  but  two  members.  The  stresses  in  these 
members  can  be  determined  by  the  single  condition  that  the  force  polygon,  drawn  from  the  forces 
on  one  portion  of  the  structure,  must  close.  Next  a  section  is  taken  cutting  three  members, 
one  of  which  has  already  been  determined,  and  the  two  unknowns  can  be  found  by  the  force 
polygon  method  as  before.  By  successive  sections  taken  in  this  manner,  all  the  stresses  can  be 
determined  by  simple  force  polygons. 

The  graphical  construction  resulting  from  the  method  of  joints  is  identical  with  that 
resulting  from  the  method  of  sections.  The  only  difiference  is  the  sections  taken  and,  conse- 
quently, the  order  in  which  the  lines  are  drawn.  The  method  of  Joints  is  generally  preferred  in 
practice  on  account  of  its  simplicity  and  this  method  only  will  be  illustrated  here. 

llluatratif  Problem.^ — Required  the  strebses  in  all  members  of  the  loof  trxiss  shown  in  Fig.  97(a)  by  the  graph- 
ical method  ci  JMnts;  loads  as  shown. 

It  will  simplify  matters  to  draw  a  sketch  of  the  truss  to  some  suitable  scale  and  show  on  it  all  the  outer  forces 
including  reactions.  Also,  to  designate  all  the  forces  and  members  on  this  sketch  by  letteis  so  located  that  each 
foroe  and  each  member  will  lie  between  two  letters  and  only  two,  as  illustrated  in  97(a). 

Now  any  foroe,  as  AB,  for  example,  in  this  figure  may  be 
designated  in  the  graphical  solution  by  a  line  having  a  length  cor- 
responding to  the  magnitude  of  the  f<»-oe  and  with  the  letter  a 
at  one  end  and  the  letter  b  at  the  other.  By  going  through  the 
graphical  construction  in  this  mannei  one  lettei  only  need  be 
placed  at  each  apex  of  a  force  polygon  and  the  work  is  gieatly 
simplified. 

The  next  step  is  to  draw  a  force  polygon  foi  the  outer 
forces  to  a  scale  of  sufficient  sise  to  give  the  desired  accuracy.  40001S 
The  force  polygon  is  abede/ga  in  Fig.  97(b)  and  is  a  straight 
line,  since  all  the  forces  are  vertical.  The  external  forces  should 
be  plotted  in  the  order  obtained  by  going  around  the  figure  in  a 
clockwise  direction,  ab  «  1000.  be  "  cd  "  de  "  2000.  tf  « 
1000.  /g  "  Ri  ^  4000.  ga  »  Ri  "  4000.  The  light  and  left 
reactions  must  previously  be  computed  either  algebraically  or 
graphically  (see  chapter  on  "Reactions"). 

The  force  polygon  should  now  be  drawn  for  jcnnt  £>•.  The 
unknown  forces  which  act  at  this  joint  are  the  stress  in  BH  and 
the  stress  in  HO.  bh  and  hg  are  known  in  direction  but  not  in 
magnitude,  hence,  there  are  but  two  unknowns  and  these  can  be 
found  by  the  polygon  of  forces.  The  figure  abhga.  Fig.  97(6),  is 
tnis  polygon  obtained  by  drawing  from  b  a  line  parallel  to  BH, 
and  from  g  a  line  parallel  to  HO.  The  lines  bh  and  hg  may  now  be 
scaled  from  the  force  polygon  to  obtain  the  magnitude  of  the 

stresses  in  the  two  members  intersecting  at  Lt.  The  character  of  these  stresses  must  also  be  found.  The  forces 
at  joint  Ii«,  being  in  equilibrium,  must  follow  in  order  around  the  corresponding  force  polygon.  Reading  around 
joint  L«  in  a  clockwise  direction  gives  bh  acting  downward  to  the  left,  or  toward  the  joint  L9,  thus  showing  oom> 
pression.  and  hg  acting  toward  the  right,  or  away  from  the  joint  Lo.  showing  tension. 

The  joint  £1  is  the  next  one  at  which  only  two  unknowns  exist.  The  strero  ir  OH  ib  known  from  joint  I «,  and 
the  strssses  in  HJ  and  JO  are  unknown.  The  corresponding  foroe  polygon  hjg  for  this  joint  must  close.  Since 
gh  and  jg  have  the  same  line  of  action,  the  line  in  the  foroe  polygon  representing  the  magnitude  of  hj  will  be  a  point. 


Fig.  97. 
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thmi  h*vinc  no  length.  The  Btrest  in  HJ  is.  therefore,  lero.  This  might  have  been  seen  by  inspection,  m  there  is 
no  loftd  at  £1  to  oause  stress  in  this  member.  In  reading  aiound  joint  Li  in  a  clockwise  diiection,  the  line  JO  is  from 
left  to  right,  and  the  stress  acts  away  from  joint  Li,  denoting  tension. 

Now  pass  to  joint  Uu  The  stresses  in  CK  and  KJ  are  the  unknowns.  To  obtain  them  di  aw  ck  and  jk  in  the 
force  polygon  parallel  respectively  to  the  corresponding  members  in  the  truss.  (The  btrees  being  scro  in  JH, 
the  whole  space  occupied  by  /  and  H  may  conveniently  be  called  /.)  Reading  around  joint  Ui  in  a  clockwise  direc- 
tion gives  both  ek  and  kj  acting  toward  the  joint  Ui,  hence,  denoting  compression  in  both  these  members.  The 
polygon  eonsidered  it  hd^b.    In  a  similar  manner  the  stresses  in  the  other  bars  may  be  determined. 

STRBSS£S  IN  ROOF  TRUSSES 

Bt  H.  S.  Rogers 

78.  Kinds  of  Stresses. — Stresses  in  roof  trusses  may  be  either  direct  or  combined.  The 
stress  in  a  member  is  usually  assumed  to  be  direct  unless  the  member  is  loaded  at  one  or  more 
points  along  its  length  or  unless  it  is  subjected  to  a  distributed  loading  other  than  its  own  dead 
weight.  For  method  of  computing  combined  stresses  see  chapter  on  "Bending  and  Direct 
Stress — Wood  and  Steel."     Direct  stresses  only  are  considered  in  this  chapter. 

79.  Loads. — The  loads  upon  a  truss  may  be  classified  as  (1)  dead  load,  (2)  wind  load,  (3) 
snow  load,  and  (4)  miscellaneous  load.  The  dead  load  is  vertical  and  includes  the  weight  of 
the  truss  and  all  fixed  loads  of  the  completed  structure  bearing  upon  or  suspended  from  the 
truss.  For  calculating  direct  stresses,  the  dead  load  is  considered  as  concentrated  at  panel 
points  of  the  truss.  The  wind  load  is  concentrated  at  panel  points  and  is  usually  taken  normal 
to  the  plane  of  the  roof.  The  snow  load  is  vertical  and  treated  in  a  manner  similar  to  the  dead 
load.  The  miscellaneous  load  may  be  due  to  mechanical  equipment  of  a  fixed  or  moving  char- 
acter suspended  from  or  supported  by  the  roof  truss.  If  such  loads  exist,  their  effect  should  be 
carefully  studied  and  provided  for. 

80*  Reactions. — ^The  reactions  upon  a  truss  together  with  the  external  lockds  form  a  com- 
plete system  of  forces  in  equilibrium.  The  reactions  are  vertical  for  dead  and  snow  loads. 
Because  the  one-half  dead  panel  load  concentrated  at  the  end  of  a  truss  has  the  same  line  of 
action  and  is  opposite  in  direction  to  the  total  reaction,  it  may  be  subtracted  from  the  total  and 
the  difference,  called  the  "effective  reaction,"  may  be  used  in  the  solution  of  problems. 

The  direction  and  relative  magnitude  of  wind  load  reactions  depend  upon  the  type  of  end 
supports.  Three  conditions  for  truss  bearings  are  commonly  used:  (1)  both  ends  fixed,  (2) 
•ne  end  fixed  and  the  other  movable  in  a  horizontal  direction,  (3)  both  ends  equally  free  to  move 
by  elastic  deflection  in  the  columns  supporting  the  truss.  Condition  (1)  exists  when  both  ends 
of  the  truss  are  rigidly  anchored  to  solid  masonry  walls.  For  this  condition  the  wind-load  reac- 
tions are  usually  considered  parallel  to  the  wind  load.  Condition  (2)  exists  when  one  end  of  the 
truss  is  placed  upon  a  rocker,  sliding  plate,  or  rollers,  and  the  reaction  then  at  the  free  end  may 
be  eonsidered  vertical.  Condition  (3)  exists  in  framed  bents — ^that  is,  when  roof  trusses  are 
attached  to  columns  instead  of  being  placed  on  masonry  walls;  for  which  condition  the  two  hori- 
sontal  components  of  the  reactions  at  th^  points  of  inflection  in  the  columns  are  considered  equal. 
For  stresses  in  framed  bents,  see  Sect.  3,  Art.  164.  For  methods  of  computing  reactions,  see 
chapter  on  "Reactions." 

81.  Methods  of  Computing  Stresses. — The  two  general  methods  of  computing  stresses 
in  trusses  are  the  "method  of  sections"  and  the  "method  of  joints,"  as  explained  in  the  pre- 
ceding chapter. 

82.  Algebraic  Method  of  Sections. — To  determine  the  direct  stress  in  the  member  of  a 
truss,  the  following  procedure  should  be  used : 

1.  Pass  a  section  through  the  unknown  member  and  remove  part  of  the  truss  to  one  side  of 
the  section. 

2.  Replace  cut  members  by  forces,  assiuning  the  directions  of  the  forces. 

3.  Take  ihoments  about  a  point  which  is  common  to  the  lines  of  action  of  all  unknowns 
but  the  one  desired. 

4.  Determine  the  magnitude  and  direction  of  the  unknown  force  by  equating  the  algebraic 
tom  ot  the  moments  to  zero. 
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K  the  force  which  is  to  be  determined  acts  toward  the  section,  the  member  will  be  in  com- 
pression; if  it  acts  away  from  the  section,  the  member  will  be  in  tension. 

niiutnitiTe  Problsm. — The  itreBses  in  the  Pratt  truss  shown  in  Fig.  98  will  be  determined  by  the  algebraic 
method,  for  the  loads  shown.  Before  beginning  the  determination  of  moments  acting  on  sections  of  the  truss,  it 
will  be  convenient  to  determine  the  right-angle  distances  of  upper  chord  members  from  lower  panel  points  and  the 
right-angle  distances  of  web  memben  from  the  heel  joint,  Lt. 

The  first  section  is  taken  through  L^Ui  and  L«Li  and  the  part  of  the  truss  to  the  right  of  the  section  is  re- 
moved, as  shown  in  Fig.  98(6).  The  members  are  replaced  by  forces,  as  indicated  by  the  arrows.  In  order  to  de- 
termine the  stress  in  LtUi,  the  momei^ts  are  taken  about  Li,  so  as  to  diminate  the  stress  in  LtLi,  from  the  oom> 
putations.  In  order  to  determine  the  stress  in  LoLi,  the  moments  are  taken  about  Ui  for  a  similar  reason.  The 
solutions  of  the  equations  give 

Lol/i  -  (3000)  (|i^)  -  67101b. 
LoLi  -  (3000)  (y)  -  60001b 


Because  the  sum  of  the  mo- 
ments about  Li  must  equal  zero, 
the  force  LtUi  must  be  directed 
toward  the  section;  ther^ore  the 
member  L9U1  will  be  in  com- 
pression. Because  the  sum  of  the 
moments  about  Ui  must  equal 
zero,  the  force  L9L1  must  be  di- 
rected away  from  the  section; 
therefore,  the  member  LU*i  will  be 
in  tension. 

The  second  section  is  taken 
'  as  shown  in  Fig.  98  (e),  the  cut 
members  being  replaced  by  forces. 
In  order  to  determine  the  stress 
in  l/iLi  the  moments  are  taken 
about  Lo;  and  in  order  to  deter- 
mine the  stress  in  UiUt  the 
moments  are  taken  about  Li. 
The  directions  of  the  forces  are 
determined  as  beforer 

The  third  section  is  taken  as 

shown  in  Fig.  98(d)  and  the  cut 

members  are  again  replaced   by 

forces.     The    stresses    and    their 

directions   are  determined   as   in 

Fia.  98.  thg  previous  cases. 

It  should  be  observed  that,  if  a  section  is  passed  through  three  unknowns,  any  one  of  them  can  be  determined 

by  taking  moments  of  all  the  forces  acting  about  the  intersection  of  the  other  two  unknowns. 

The  stresses  in  a  symmetrical  truss  loaded  symmetrically  need  be  determined  only  for  one-half  the  truss. 

83.  Methods  of  Equations  and  Coefficients. — The  method  of  determining  the  stresses  in 
symmetrical  trusses,  symmetrically  loaded,  by  means  of  equations  or  coefficients  involves  the 
least  amount  of  labor. 

Equations  for  stresses  in  members  can  be  determined  in  terms  of  the  panel  load  and  the 
ratio  of  span  to  height  of  truss,  by  the  algebraic  method  of  sections,  the  loads  being  expressed 
in  panel  loads  and  the  moment  arms  in  terms  of  span  divided  by  height.  These  equations  give 
constant  values,,  or  coefficients,  for  each  member  of  a  trus^  for  each  particular  ratio  of  span  di- 
vided by  height.  The  value  for  any  member,  when  multiplied  by  the  panel  load  will  give  a 
product,  which  will  be  the  stress  in  the  member. 

The  equations  for  stresses  and  the  coefficients  of  stresses  for  the  standard  simple  types  of 
symmetrical  trusses  are  given  in  the  Chapter  on  '*Roof  Trusses — Stress  Data"  in  Sect.  3. 

84.  Graphical  Method  of  Joints. — In  the  graphical  method  of  computing  stresses,  joints 
are  considered  to  be  cut  from  the  truss  in  consecutive  order  and  a  force  polygon  is  drawn  for 
the  forces  at  each  joint.     The  stresses  should  be  determined  by  use  of  the  following  procedure: 

(1)  Draw  a  scaled  diagram  of  the  truss  showing  all  the  external  forces,  and  letter  each  space 
between  forces  or  members  with  a  capital  letter. 
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(2)  Conflider  each  joint  separately  as  a  "free  body"  acted  upon  by  concurrent  forces  in 
-  equilibrium. 

(3)  Draw  a  force  polygon  tor  each  joint  showing  the  external  and  internal  forces  and  letter 
each  interHcction  of  forces  with  a  small  letter  corresponding  to  the  space  between  the  forces  in 
the  space  diagram. 

mumtlTa      Probtam. —  ^ 

Tba  (tntm   id  ths  trua  of  '^ 

R«.  M  will  be  deUminni  by  -*  ™  - 

the  fr^bW  nwlhod  for  the  S.        b    4L       ^    S  ^4 

lomilt  wbo^nt. 

The  berl  Joint,  lolnt  1,  ia 
tiw  Snt  to  b«  tolrrd.  Tbe 
ODB'half  pand  lokd  »t  tbe 
Joint  and  th*  TMWtion  mn 
I  to  ^ve  the  eHcctlTo 
The  foro*  polrton 


tor  the  Joiat  <■  drawn  vlth  tb*  "^  f-       h 
lanm  'parallel  to  the  linea  of  r"/ 

artioB  ibown  in  the  apaoe  dia-  Jf 

cram.     Since  the  sam  ol  the  ^ 


lul   > 


«c}Dil)briuiii,  the  polyvon  moat 
oIoM.     The  order  ol  letten  aa         Jofnf  S 
read  aronnd  tbe  torn  twIygoD 
indioatM  the  dirvolion  ol  the 
(otoea  Mtinc  at  tbe  k^t  and 

thereby  indieatea  whether  a  membei  ia  in  eompnttioi 
lit  be  In  •ampreatiDii ;  i[  it  acta  ■ 


J& 


(W 


Joint  3  it  the  next  joint  to  be  lolTed.  The  prooedure  lued  in  the  lolutioD  of  jinnt 
reae  are  marked  with  a  line  agroai  tbe  arrow  in  the  ipaoe  and  foma  diacraini.  It  eho 
an  two  nnioiowna  onn  be  detmnined  in  tbe  Klution  of  any  one  joint. 

TIm  •dntiaaa  ol  Junta  8  aikd  4  fallow  In  order  and  oomplate  tbe  adutiaiu  for  tbe  tr 


ii  followed.     Thekno 
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It  is  not  neoessary  to  draw  separate  space  and  force  diacrams  for  each  joint,  as  the  tnua  diaoram  gives  the  space 
diagrams  for  all  joints  and  the  force  diagrams  may  be  combined  into  one  «<re««  dioffram  as  shown  in  the  figure. 

XUttstratiTe  Problem. — The  stresses  in  the  King-rod  truss  of  Fig.  100(a)  for  the  roof  and  suspended-ceiling  loads 
shown  will  be  determined  by  the  graphical  method. 

The  truss  diagram  is  first  drawn  to  scale  and  all  the  eztemsl  forces  (loads  end  reactions)  sre  indicated  on  the 
diagram.  To  construct  the  stress  diagram,  first  plot  to  scale  all  the  loads  oh  the  truss  rsfters,  i.e.,  a6,  be,  cd,  d«,  and 
ef.  Ri  is  then  laid  off  from  a  and  in  (H>Posite  direction  to  ab,  be,  etc.,  and  As  if»  If  id  off  from  /.  The  two  reactions 
are  found  to  overlap  because  the  suspenaed  loads  on  the  lowrr  chord  nave  the  same  line  of  action  as  the  loads  on  the 

^  rafters  at  the  panel  points  above.     The  left- 

^  "  hand  heel  joint  is  first  considered  by  {dotting 

the  stresses  in  a  clock-wise  direction  s round 
the  joint.  The  stress  polygon  is  obtained  by 
drawing  hm  and  ml,  trom  6  and  I,  paralld  to 
BM  and  ML  respectively.  Tracing  this  joint 
through  by  »  continuous  clockwise  reading  <^ 
the  forces,  bm  is  found  to  act  toward  the 
joint  and  ml  to  act  away  from  the  joint, 
wbioh  means  tnat  these  stresses  are  com- 
pression and  tension  respectively. 

The  first  lower-chord  joint  from  the  left 
reaction  is  next  determined.  The  forces  are 
again  traced  in  a  clock-wise  direction  begin- 
ning with  the  known  force  H.  In  this  force 
diagram  it  is  found  that  mn  and  nk  both  act 
away  from  the  joint  and  members  MN  and 
NK  are,  therefore,  in  tension. 

Joints  3  and  4  are  solved  in  the  same 
manner,  which  completes  the  determination 
of  stresses,  as  the  stresses  on  the  rij^t-liand 
side  of  the  truss  are  equal  to  those  on  the  left. 
The  stress  diagram  may  be  completed  as  a 
check  on  the  work. 

Illustrative  Problem. — The  dead-load 
stresses  in  the  Fink  truss  shown  in  Fig.  l(X)(b) 
will  te  determined  by  the  graphical  method. 
A  special  feature  of  this  solution  is  the  con- 
dition encountered  at  joint  4  which  may  at 
first  appear  to  be  an  indeterminate  condition. 
The  truss  diagram  is  drawn  to'  scale  and 
the  loads  and  effective  reactions  are  plotted. 
The  joints  are  solved  in  the  usual  manner 
in  the  order  indicated  on  the  truss  diagram. 
Bringing  the  solution  from  left  to  right,  a  con- 
dition which  cannot  at  once  be  solved  is  met 
at  joint  4.  There  are  three  unknowns  ep.  po.. 
and  on.  It  is  seen  on  inspection  that  the 
strees  in  the  members  DQ,  QR,  and  RK  will 
remain  the  same  regardless  of  the  web  mem- 
bers toward  the  left.  OP  and  PQ  are,  there- 
fore, cut  out  and  replaced  by  the  dotted 
member  P'Q.     Joints  4,   5,   and  6  are  de- 


i^-^ 


Fxo.  lOU 


termined  with  this  assumed  member  in  place,  and  joint  6  is  then  corrected  by  throwing  out  the  dotted  member 
and  replacing  the  members  OP  and  PQ.  The  streeses  in  the  members  OP  and  PQ  are  then  determined  by  the 
solution  of  joint  at  their  intersection. 

The  solution  may  be  obtained  in  another  manner,  by  solving  alget  raically  for  the  stress  in  RK  and  laying  it 
off  to  scale  on  the  strees  diagram,  so  that  joint  6  can  be  determined  before  joint  4. 

nittstrative  Problem. — The  etresses  are  required  in  the  three-hinged  arch  truss  <^  Fig.  101. 

The  reactions  may  be  found  graphically  but  the  algebraic  solution  is  more  simple  (see  Illustrative  Problem,  p. 
21).  After  the  components  of  the  reactions  are  determined  the  stresses  may  be  found  by  the  usual  stress  diagram 
beginning  at  either  reaction  and  determining  stresses  at  consecutive  joints,  as  shown  in  Fig.  101.  The  solution 
could,  of  course,  be  accomplished  by  beginning  at  the  crown  hinge. 

nittstrative  Problem. — The  stresses  are  required  in  a  cantilever  truss  loaded  as  shown  in  Fig.  102(a). 

The  reactions  of  the  truss  are  determined  graphically  in  Fig.  102(a),  as  explained  in  the  chapter  nn  "  Reactions.*' 
The  method  of  determining  the  stresses  is  the  same  as  in  the  preceding  illustrative  problems. 

85.  Wind  Load  Stresses  by  the  Graphical  Method. — In  the  illustrative  problems  which 
follow,  stresses  will  be  found  in  trusses  due  to  wind  load  under  the  following  conditions:  (1) 


Sec.  1-85] 


ELEMENTS  OF  STRUCTURAL  THEORY 


67 


rollers  on  the  leeward  side  of  truss,  (2)  both  ends  fixed,  and  (3)  rollers  on  the  windward  side 
of  truss.  The  wind  load  is  considered  as  that  component  of  a  horizontal  wind  force,  normal  to 
to  the  x^ane  of  the  roof. 

mostnitive  Problem. — In  Fif.  102(6),  the  external  foroe  polygon  is  first  drawn  with  the  loada  parallel  to  the 
wind  loada  on  the  truss.  The  reaction,  At.  can  be  drawn  vertically  because  it  is  transmitted  through  rollers,  but 
tiie  direction  of  Ri  is  not  known  so  the  polygon  cannot  be  completed.     The  reactions  will,  therefore,  be  determined 


f  f  rr 


(cj 
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by  meana  of  the  force  and  equilibrium  polygons.  Ri  will  be  assumed  as  parallel  to  the  wind  load  and  the  dosing 
string  will  give  the  direction  of  the  ray  Oe'.  Now  because  Ri  must  take  the  entire  horisontal  component  of  the  wind 
load  and  because  Rt  acts  vertically,  a  horisontal  line  drawn  from  e'  to  e  will  give  the  point  of  intersection  of  the  two 
reactions.  These  reactions  may  be  checked  by  considering  the  total  wind  load  and  the  two  reactions  as  three  forces 
acting  on  the  truss.  Since  the  directions  and  points  ci  application  of  the  resultant  of  the  wind  load  and  the  reac- 
tion Rt  are  known,  the  two  forces  may  be  extended  to  their  point  of  intersection,  d;  and,  since  the  point  of  applica- 
tion of  Ai  is  known,  the  direction  of  the  force  will  be  from  d  to  tbe  point  of  left  reaction.  Tne  deteimination  of 
this  direction  makes  it  possible  to  complete  the  external  force  polygon  and  obtain  a  check  on  the  first  solution  for 
reactions. 
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The  streosM  are  now  determined  by  drawing  a  force  polygon  for  each  JMnt.  It  should  be  noted  that  the 
web  memben  in  the  leeward  side  received  no  stress. 

XUustratiTe  Problem. — The  wind  stresses  in  the  Scissors  truss  of  Fig.  102(c)  will  be  determined  by  the  graphical 
method  under  the  assumption  that  the  reactions  aie  parallel  when  both  ends  of  the  truss  are  fixed  by  an  anchorage 
to  solid  masonry  walls. 

The  space  diagram  is  drawn  with  the  lines  of  action  of  the  loads  extended  so  that  the  equilibrium  polygon  can 
be  drawn.  The  reactions  are  determined  by  the  ray,  Oe,  which  is  parallel  to  the  dosing  string  at  the  equilibrium 
polygon. 

The  stresses  are  determined  by  beginning  at  the  left-hand  heel  joint  and  following  through  in  the  order  indi- 
cated. As  in  the  previous  problem  no  stress  is  found  in  the  web  members  on  the  leeward  side  of  the  truss.  Some 
stresses  are  produced  in  this  truss  due  to  wind  load  which  are  opposite  in  direction  to  those  produced  by  dead  loads. 
Stresses  should  be  carefully  determined  in  roofs  of  such  extreme  pitch. 

nittStratiTe  Problem. — The  wind  load  stresses  are  required  ita  the  Fink  truss  of  Fig.  102(d). 

The  wind-load  reactions  upon  the  Fink  truss  of  Fig.  102(d)  will  be  determined  in  a  different  manner  than  that 
used  for  the  determination  of  the  reactions  in  Fig.  102 (b).  The  load  line  is  plotted  as  usual  and  a  pole  from  which 
the  rasrs  are  drawn  is  selected.  The  line  of  action  at  the  left  support  is  known,  but  the  point  of  application  is  the 
only  element  of  the  right  reaction  which  is  known.  The  equilibrium  polygon,  is,  therefore,  begun  at  the  right- 
hand  heel  Joint  so  that  the  intersection  of  the  strings  can  be  made  on  the  line  of  action  of  the  force.  The  string 
prallel  to  the  ray  Oe  is  first  drawn.  The  others  are  drawn  in  consecutive  order  from  tbat^one  parallel  to  Od  to  the  one 
parallel  to  Oo*  Since  the  line  of  action  at  the  left  support  is  vertical,  the  point  of  Intersection  with  the  string  can 
be  obtained.  The  dosins  string  between  the  forces  which  form  the  two  reactions  is  then  drawn  and  the  ray,  Of, 
is  drawn  parallel  to  it.  The  intersection  at  /  with  the  vertical  line  through  q  gives  the  left  reaction,  fg.  The  force 
«/,  which  is  the  right  reaction,  is  drawn  to  the  point  of  intersection  of  the  verticsl  force  through  g  and  the  ray  Of. 

These  reactions  may  be  checked  by  extending  the  line  of  the  left  reaction  and  the  line  of  the  resultant  of  the 
wind  loads  to  a  point  of  intersection  shown  at  x,  and  drawing  the  right  reaction  through  the  right-hand  heel  joint 
and  point,  x.  Since  the  russ  is  in  equilibrium  the  two  reactions  and  the  resultant  of  the  wind  loads  must  form  a 
system  of  three  concurrent  forces.  The  extended  forces  drs wn  to  point  t  give  a  space  diagram  from  which  the  force 
diagram,  gef,  may  be  drawn. 

The  stress  diagram  is  begun  at  the  left-hand  heel  joint  and  the  joints  are  taken  in  consecutive  order  until  the 
joint  at  the  middle  point  of  the  rafter  is  reached,  at  which  the  condition  encountered  in  the  l<ink  truss  in  Fig.  99(6) 
is  again  met.  The  difficulty  is  removed  by  replacing  the  members  NO  and  MN  by  the  dotted  member  shown  and 
carrying  the  soluUon  through  until  fp  is  determined,  after  which  the  corrections  are  made  as  before.  It  should  be 
again  noted  that  the  web  members  on  the  leeward  side  of  the  truss  take  no  stress. 

COLUMNS 
Bt  H.  S.  Rogers 

86.  Column  Loads. — The  loads  to  be  calculated  in  the  design  of  columns  may  be  divided 
into  six  classes:  (1)  dead  load,  including  snow  load,  (2)  live  load,  (3)  true  live  load,  (4)  impact 
load,  (5)  wind  load,  and  (6)  earthquake  load. 

The  dead  load  is  produced  by  the  weight  of  that  portion  of  the  completed  structure  which  a 
column  supports,  and  includes  floors,  curtain  walls,  roof,  superimposed  columns,  and  permanent 
fixtures.  It  can  be  accurately  determined  and  should  be  computed  with  a  good  degree  of  pre- 
cision. The  snow  load  in  effect  is  a  dead  load  and  may  be  considered  as  such.  It  may,  how- 
ever, be  unsymmetrical  and  may  be  combined  under  certain  conditions  with  wind  load. 

The  live  load  on  columns  depends  upon  the  use  to  which  the  building  is  put  and  includes 
such  loads  as  the  weight  of  people,  furniture,  goods,  and  equipment.  Quite  accurate  data  for 
determining  the  weights  of  furnitiu'e  and  mechanical  equipment  can  be  obtained,  but  in  deter- 
mining the  loads  due  to  occupancy  of  stores  and  office  buildings,  considerable  judgment  must 
be  exercised.  Since  it  is  very  improbable  that  the  full  live  load  on  all  floors  will  be  imposed 
simultaneously,  the  uniform  or  concentrated  loads  used  in  calculating  the  strength  of  floor  beams 
and  girders  may  be  reduced  for  the  calculation  of  column  stresses.  The  extent  of  the  reduction 
of  live  loads  in  office  buildings  is  usually  specified  in  building  codes,  most  of  which  permit  a 
gradual  reduction  to  some  minimum  for  the  assumed  live  load  acting  upon  columns  in  con- 
secutive lower  stories. 

Schneider's  "Reduction  of  Live  Load  on  Columns"  is  as  follows: 

For  columns  carrying  more  than  five  floors,  these  (Schneider's)  live  loads  may  be  reduced  as  follows: 
For  columns  supporting  the  roof  and  top  floors,  no  reduction. 

For  columns  8upp<»ting  each  succeeding  floor,  a  reduction  of  5  %  of  the  total  live  load  may  be  made  until 
50  %  is  reached,  which  shall  be  used  for  the  columns  supporting  all  remaining  floors. 
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This  reduction  is  not  to  apply  to  live  load  on  the  columns  of  warehousee*  and  similar  buildings  which  are 
likely  to  be  fully  loaded  on  all  floors  at  the  same  time. 

The  reduction  of  live  load  specified  in  the  Seattle  Building  Code  is  as  follows: 

Reduction  oi  live  load  shall  not  be  permitted  in  determining  the  strength  of  any  part  of  a  building  except  in 
aoecHtianoe  with  the  following  provibions: 

Walls,  piers,  and  columns,  in  buildings  more  than  tbree  stories  high,  used  for  stores,  offices,  places  of  habitar 
tioQ,  refuge  and  detention  shall  be  designed  to  carry  besides  the  dead  load  not  less  than  the  following  percentage 
oi  the  required  live  load:  Roof  and  top  floor  100%,  next  lower  floor  05%,  and  for  each  succeeding  lower  floor  5% 
lass,  until  a  minimum  of  50%  is  reached  and  maintained  for  the  remaining  floors,  if  any.  In  all  other  buildings 
the  full  live  load  shall  be  taken. 

The  true  live  load  is  the  dsmamic  load  produced  by  machinery,  cranes,  elevators,  telpherage 
83r8tems,  industrial  railways  or  similar  mechanical  equipment.  Detailed  information  concerning 
such  loads  should  be  obtained  and  provision  should  be  made  for  the  stresses  which  they  produce 
in  columns. 

Impact  load  is  produced  by  the  shocks  and  vibrations  caused  by  true  live  load.  It  should 
be  thoroughly  studied  and  should  be  provided  for  with  judgpnent. 

Wiad  load  is  produced  by  the  horizontal  pressure  of  the  wind  on  exposed  surfaces.  The 
iinit  pressure  is  specified  for  various  conditions  in  all  building  codes  and  is  usually  given  as  30 
lb.  per  sq.  ft.  The  wind  load  produces  an  overturning  moment  which  increases  the  compression 
in  the  columns  on  the  leeward  side  of  abuilding,  decreases  the  compression  in  those  on  the  wind- 
ward side,  and  produces  a  moment  in  the  columns  by  means  of  the  truss  and  girder  connections 
and  wind  bracing.  Its  effect  is  of  great  importance  in  high  buildings  and  thorough  study  of  the 
stresses  produced  by  it  should  be  made. 

Earthquake  load  will  produce  stresses  in  columns  which  should  be  investigated  in  those 
localities  where  earthquakes  are  liable  to  occur. 

87.  Columns  and  Struts. — A  structural  member  which  is  acted  upon  by  forces  causing 
direct  compression  is  called  a  column^  a  pvUar^  a  post,  or  a  Btrvt.  Short  columns  are  those  in 
which  the  ratio  of  length  to  least  width  is  small.  They  fail  by  direct  crushing  of  the  material 
without  appreciable  bending  or  buckling. 

An  ideal  column  is  one  in  which  the  axis  is  perfectly  straight  and  the  material  absolutely 
uniform  and  in  the  same  condition  throughout,  and  to  which  the  load  is  applied  exactly  on  the 
axis.     Such  columns  are  not  found  in  practice. 

Practical  columns  fail  by  a  combination  of  direct  compression  and  bending.  The  bending  in 
centrally  loaded  columns  is  caused  by  accidental  eccentricities  of  the  application  of  the  load,  by 
unavoidable  imperfections  in  manufacture  and  nonuniformity  of  material, 
and  by  initial  bends  and  stresses  in  the  column  shaft.  Due  to  these  im- 
perfections, any  column  will  immediately  begin  to  deflect  under  load.  This 
deflection  increases  the  lever  arm  of  the  forces  causing  the  bending,  and 
the  bending  will  continue  to  increase  until  a  state  of  equilibrium  is  reached 
or  until  the  column  fails. 

88.  End  Conditions. — One  of  the  important  factors  governing  the 
strength  of  columns  is  the  degree  of  fixity  of  the  ends.  When  the  end  of 
a  column  is  perfectly  free  to  turn,  its  end  condition  has  no  influence  on 
its  bending  and  it  is  said  to  be  pivoted,  A  fixed  end  is  one  at  which  the  axis 
of  the  column  is  held  rigidly  so  that  its  direction  cannot  change. 

Kg.  103  shows  the  flexure  lines  of  three  columns  with  different  sets  of  ^      . 

end  conditions  and  lengths  such  that  their  theoretical  strengths  are  equal  if       ^^     ^v      .  . 
their  cross  sections  are  the  same.     Ilg.  103(c),  with  both  ends  fixed,  has 
points  of  contraflexure  (or  zero  moment)  at  the  quarter  points,  so  that 
the  coliimn  between  these  points  is  essentially  the  same  as  the  pivoted-end  column  in  Fig. 
103(a). 

Conditions  in  practice  are  seldom  such  that  a  column  may  be  considered  as  having  fixed 
ends.^    The  usual  end  conditions  are  pin  ends,  flat  ends,  and  riveted  ends.'     A  riveted  end  fre- 

»  See  article  "Fixed  End  Columns  in  Practice,"  Bng.  Newt,  Nov.  2,  1911,  vol.  66.  p.  630. 
Pin  and  riveted  ends  do  not  occur  in  concrete  columns,  see  chapter  on  "Concrete  Columns"  in  Sect.  2. 
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quently  approaches  the  pivoted-end  condition  due  to  the  influence  of  the  flexure  of  other  members 
connected  to  it,  causing  the  point  of  contraflexure  in  the  column  to  lie  at  or  near  the  end. 

The  formulas  in  general  use  are  applied  to  columns  with  any  of  the  end  conditions  above 
mentioned. 

89.  Application  of  Column  Loads. — The  loads  upon  floors  and  roof  are  transmitted  to  columns 
by  the  girder  and  truss  connections.  They  may  be  either  concentric  or  eccentric  according  to  the 
details  of  the  connection.  A  concentric  load  is  one  which  is  applied  axially  along  the  column. 
The  loads  transmitted  to  columns  by  the  usual  girder  connections  should  be  considered  as  con- 
centric. If,  however,  a  girder  is  supported  by  a  bracket  on  a  column,  the  eccentricity  of  the 
load  applied  should  be  investigated  and  the  column  should  be  designed  to  withstand  the  bend- 
ing stresses  in  addition  to  the  direct  stresses  (see  chapters  on  '* Bending  and  Direct  Stress")- 
In  addition  to  concentric  and  eccentric  loads,  direct  transverse  loads  may  be  applied  to  columns 
by  cantilevers  supporting  platforms,  roofs,  and  cranes,  or  by  wind  bracing.  When  such  loads 
occur,  the  stresses  produced  by  them  should  be  considered  in  the  design  of  the  column. 

90.  Stresses  Due  to  Concentric  Loading. — There  is  no  direct  method  which  can  be  used  to 
obtain  the  dimensions  of  a  long-column  section,  but  very  short  columns  should  be  computed 
by  using  the  safe  compressive  strength  per  square  inch  of  the  metal  in  short  blocks.  In  the 
design  of  an  ordinary  column,  which  has  no  eccentric  loading,  the  procedure  which  should  be 
followed  is :  (1)  select  a  column  which  will  give  the  desired  features  in  the  detailing^of  connections, 
(2)  determine  the  stresses  which  are  produced  by  concentric  loads  acting  upon  the  column, 
and  then  (3)  correct  the  design  of  the  section  to  bring  the  stresses  within  the  allowed  working 
intensities.  There  are  two  kinds  of  stresses  produced  by  concentric  loads  to  which  a  column 
may  be  subjected:  (1)  direct  compressive  stress  distributed  uniformly  over  the  section;  (2) 
transverse  stress  produced  by  the  flexural  action  of  the  column  and  distributed  with  varying 
intensity  from  the  neutral  axis  to  extreme  fibers  so  as  to  form  a  stress  couple. 

91.  Column  Formulas.  ^-^There  is  no  simple  rigorous  analytical  method  for  determining 
the  resultant  stresses  in  a  column.  There  are,  however,  two  more  or  less  rational  and  two  em- 
pirical types  of  formulas  for  determining  such  stresses.  These  types  are  the  Euler,  the  Gordon 
or  Rankine,  the  Straight  Line,  and  the  Parabolic. 

92.  Euler's  Formula. — Euler's  formula  is  derived  upon  the  assumptions,  that  the  column 
is  concentrically  loaded,  that  it  is  subjected  to  direct  compression,  that  it  has  fixed  or  square 
ends,  and  that  it  is  free  to  bend  laterally.  It  assumes  that  the  material  of  the  column  is  per- 
fectly elastic  and  that  the  ultimate  strength  of  the  column  is  developed  at  a  stress  equal  to  the 
elastic  limit  of  the  material.  The  expression  for  the  ultimate  strength  of  columns  with  fixed 
ends  is 

r' 
in  which 

p  =  Intensity  of  stress  within  the  limits  of  perfect  elasticity. 
E  =  modulus  of  elasticity.  •  , 

L  —  length, 
r  =  least  radius  of  gyration. 

-  is  called  the  sUndemess  ratio, 

r 

Through  the  center  of  gravity  of  a  cross-flection  there  is  alvrnys  a  pair  of  axes  about  one  of  which  the  moment 
of  inertia  is  a  maximum  and  about  the  other  a  minimum.  These  moments  of  inertia  are  called  principal  moments  of 
inertia  and  the  axes  about  which  they  are  taken  are  called  principal  axes.     An  axis  of  symmetry  which  divides  a 

cross-section  symmetrically  is  always  a  principal  axis.     The  least  radius  of  gyration  (r  —     \-t)^^^*  consequently, 

the  minimum  moment  of  inertia  is  used  in  designing  columns.  A  column  bends  in  a  direction  at  right  angles  to 
the  axis  about  which  the  radius  of  gyration  is  a  minimum,  provided  the  column  is  not  laterally  supported  in  that 
direction. 

Long  columns  with  pivoted  ends  will  act  essentially  as  that  part  of  the  fixed  column  between 

*  For  "Concrete  Columns"  see  chapter  in  Sect.  2. 
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the  two  points  of  contraflexure,  which  is  equal  to  one-half  the  length  of  the  column.     The  ex- 
pressioa  for  the  ultimate  strength  of  columns  with  pivoted  ends  is  therefore 

ir*E 

Eiuler's  formula  is  not  used  in  specifications,  as  are  formulas  of  the  other  types,  because  the 
ideal  conditions  upon  which  it  is  based  are  not  met  in  practice.  It  b  applicable  to  long  columns 
with  fixed  ends  which  have  a  very  large  ratio  of  L/r  and  to  columns  with  hinged  ends  which  have 
an  average  ratio  of  L/r^  but  gives  values  up  to  infinity  for  short  lengths,  which  is  incompatible 
with  actual  conditions. 

93.  Gordon's  Formula. — The  Grordon  formula  is  based  upon  the  assumptions  that  the 
column  is  concentrically  loaded,  that  it  is  subject  to  direct  compression  and  flexural  stresses, 
and  that  it  is  free  to  bend  laterally.  It  assumes  fiu*ther  that  the  column  deflects  laterally  and 
that  the  bending  stress  is  produced  by  the  moment  of  the  axial  load  about  the  point  of  maximum 
deflection. 

Let  p  a  allowable  intensity  of  stress  over  the  column  section, 
/i  =  the  uniformly  distributed  stress  due  to  the  total  load. 
/s  a  the  flexural  stress  due  to  the  bending  of  column  under  the  load. 
/  a  the  maximum  allowable  intensity  of  stress  in  short  blocks. 
P  ■»  the  total  load. 
A  Bs  area  of  column  section. 
A  »  maximum  deflection  of  column. 
0  >"  distance  from  neutral  axis  to  the  extreme  fiber. 
/  s  moment  of  inertia. 
6  3"  a  constant  depending  upon  the  condition  of  column  ends. 

The  direct  stress  /i  =  t»  ^^^  *^®  bending  stress  /«  =  — p-  from    the  common  flexure 

formula  (see  Pig.  104). 
Since/  =«/i  -f /t 

/-|+'-^'  (1) 

Now  it  can  be  sho^n  by  the  theory  of  flexure  that 

A      SB     

c 

in  which  L  »  length  of  the  column  and  ai  »  a  constant  depending  upon/s  and  E. 

Substituting  in  (1), 

P       haxPL^ 

•^"  A  "^       / 
But  /  «  Ar*  (r  =  least  radius  of  gyration).  Fia.  104. 

in  which  a  is  a  constant  contingent  upon  the  factors  which  influence  h  and  ai. 
The  allowable  intensity  of  stress,  p,  over  the  column  section  will  be 

p  _    / 

1+°".- 


P  =  A  =  ~-L^  (3) 


Formulas  of  the  Gordon  type  are  used  quite  extensively  in  building  specifications  and  codes. 
Those  in  use,  however,  do  not  all  have  the  same  values  for  /  and  a.  A  change  of  condition  of  the 
colunm  ends  produces  a  change  in  the  constant,  "a, "  as  is  evident  from  the  derivation  of  the 
formula.  Care  should  be  exercbed  in  selecting  a  formula  which  shall  be  applicable  to 
the  column  under  investigation. 
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94.  Straight-line  Formula. — The  straight-line  formula  has  been  used  because  of  the  sim- 
plicity of  its  application  and  because  it  can  be  made  to  coincide  very  closely  with  the  results  of 
tests  of  columns  having  usual  values  of  L/r.  The  equation  is  empirical  and  has  the  general 
form 

in  which  /  *■  maximum  allowable  compressive  strength  of  the  material,  and  m  »  a  constant. 

If  the  equation  is  made  to  coincide  very  closely  with  the  values  of  safe  stresses  found  by 
experiment  in  columns  within  the  usual  range  of  L/r,  it  will  give  large  stresses  for  low  values  of 
L/r  unless  some  limitation  be  placed  upon  L/r,  and  consequently  upon  the  allowable  unit 
stresses.  A  number  of  the  column  formulas  in  general  use  fix  this  maximum  allowable  stress 
for  low  ratios  of  L/r  and  also  fix  a  maximum  ratio  of  L/r. 

95.  Parabolic  Formula. — The  parabolic  type  of  formula  has  been  introduced  to  correct 
the  large  values  of  unit  stresses  allowed  by  the  straight-Une  formula  for  very  low  or  high  ratios 
of  L/r,  and  at  the  same  time  give  a  continuous  equation.  The  equation  is  also  empirical  and 
has  the  general  form 

in  which  n  is  an  empirical  constant.  The  curve  given  by  the  formula  is  a  parabola  with  the 
origin  on  the  stress  axis  at  /.  Some  of  the  recently  adopted  specifications,  notably  that  of  the 
Engineering  Institute  of  Canada,  have  embodied  this  type  of  column  formula. 

96.  Formulas  in  General  Use.^-Formulas  of  either  the  straight-line  or  Gordon  type  are 
usually  embodied  in  specifications  and  building  codes.  Both  are  found  in  specifications  for 
stresses  in  structural  steel  and  cast  iron  but  the  straight-line  formula  alone  seems  to  be  univer- 
sally used  in  specifications  for  stresses  in  timber  columns. 

97.  Steel  Column  Formulas. — A  diagram  of  the  allowed  unit  stresses  for  structural-steel 
columns  as  given  by  the  principal  column  formulas  which  have  received  general  sanction  among 
engineers  is  shown  in  Fig.  105,  given  by  C.  E.  Fowler,  Eng,  Newa-Rec.,  Feb.  13,  1919.  The 
formulas  graphically  represented  are  as  follows: 

Am.  B.  Am.  Bridge  Co.  19,000  -r  lOOL/r 

A.  R.  E.  A.  Am.  Ry.  Eng.  Assn.  16.000  -  lOL/r 

A.  R.  E.  A.  1919  Am.  Ry.  Eng.  Assn.  proposed  13.000  -  0.2S(I</r)< 
E.  I.  C.  Eng.  Inst.  Canada  12.000  -  0.3a/r)> 
F..  1803  Fowler's  Spec.  1893  12.500  -  41^^/*- 
F.,  1919  (CI.  A.)  Fowler's  Spec.  1919  16,000  -  60L/r 

F..  1919  (a.  B.)  Fowler's  Spec.  1919  20,000  -  801 /r 

MoK-F.  Fowler,  mod.  by  McKibben  12.600  -  60L/f 

N.  Y.  (Old)  New  York  Bldg.  Code  (Old)  16,200  -  58L/r 

B.  Boston  Bldg.  Code  16,000/1  +  L«/20,000r« 
G.  Gordon  Formula  12,500/1  +  LV36.000r« 
P.  Philadelphia  16,250/1  +  LVU.OOOr* 

The  limitations  of  the  formulas  as  to  maximum  unit  stresses  and  maximum  values  of  L/r 
are  shown  by  the  diagram.  AU  of  the  formulas  lie  in  a  diagonal  zone,  the  upper  limit  of  which 
is  18,000  —  601/ /r  and  the  lower  limit  of  which  is  12,000  —  60L/r  with  the  exception  of  Fowler's 
1919  (Cl.B.).  The  average  of  the  zone  would  be  15,000  —  60/- /^  which  is  the  formula  that  has 
been  adopted  in  a  1919  edition  of  "General  Specifications  for  Steel  Roofs  and  Buildings"  by 
C.  E.  Fowler.  The  A.  R  .E.  A.  formula,  16,000  -  70L/r,  with  a  maximum  stress  of  14,000  lb. 
per  sq.  in.  and  maximum  limit  of  L/r  at  120  has  received  very  wide  sanction  in  building  codes, 
being  found  in  the  codes  of  New  York,  Detroit,  Chicago,  St.  Louis,  and  Seattle. 

Illttstrative  Problem. — Design  a  25-ft.  channel  column  for  a  total  load  of  300,000  lb.    Lattice  bars  will  connect 
the  channels  and  prevent  them  from  bending  separately.     Use  the  straight  line  formula 

p  -  16,000  -  70  - 
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300  000 
A  trial  soction  should  first  be  determined  by  assumiug  p  »  12,000  lb.     This  gives  a  trial  area  of    io'oqq  " 

25  sq.  in.,  which  may  be  furnished  by  the  use  of  two  15-in.  channels  at  46  lb.  having  a  total  area  of  26.48  sq.  in. 
The  radius  of  gyration  for  one  channel  about  an  axis  perpendicular  to  the  web  is  5.32  in.,  hence  the  allowable 
value  of 

p  -  16,000  -  70  -^^^  -  12,060  lb. 

300  000 
The  ^otual  unit  stress  for  this  sise  of  channel  equals    oa^q    ~  ^  1,330  lb.     Thus  the  column  would  be  well  on  the 

safe  side  and  may  possibly  be  decreased  in  sise.     Try  a  16-in.  channel  at  40  lb.     The  allowable  value  of 

p  -  16,000  -  70  ^^^^[^^^  -  12,160  lb. 

0.44 

300  000 
The  actual  unit  stress  would  be    03' 50"  ~  12.800;  hence,  these  channels  are  a  litjUe  too  small  and  the  15-in. 

45-lb.  channels  should  be  chosen.  These  should  be  placed  to  give  the  column  equal  strength  in  the  two 
directions-^that  is,  by  making  the  radius  of  gyration  about  one  axis  equal  to  tbat  about  the  other  axis. 

98.  Cast-iron  Column  Formulas. — The  most  commonly  used  formulas  for  allowable 
stresses  in  cast-iron  columns  are  of  the  straight-line  type.  The  Chicago  and  Seattle  building 
codes  specify  an  allowable  unit  stress  of  10,000  —  6QI//r  lb.  per  sq.  in.  with  a  maximum  value 
of  L/r  at  70.  The  New  York  and  Boston  building  codes  specify  an  allowable  unit  stress  of 
11,300  —  dOL/r,  with  a  maximum  value  of  L/r  at  70.  The  Philadelphia  code  specifies  an 
allowable  unit  stress  of  11,670/(1  +  L*/400d^)  lb.  per  sq.  in. — in  which  d  is  the  least  dimension 
in  inches,  and  also  specifies  a  maximum  length  of  20d. 

99.  Timber  Column  Formulas. — The  formulas  of  building  codes  of  the  principal  cities  for 
timber  columns  vary  for  the  same  and  for  different  kinds  of  timber.  Some  of  the  cities,  notably 
Philadephia,  St.  Paul,  and  Seattle,  however,  use  the  same  formula  for  long  leaf  yellow  pine, 
white  pine,  Norway  pine,  spruce,  oak,  chestnut,  hemlock,  and  locust.  A  comprehensive  re- 
view of  these  building  code  stresses  revised  to  1913  will  be  found  in  the  '* Cambria  Steel"  hand- 
book. A  safe  formula  for  timber  columns  is  1000  —  \2L/d  which  will  give  a  safety  factor  of 
about  6  for  most  kinds  of  timber.  The  formula  specified  in  the  Seattle  Building  code  is 
C  (1  —  L/70d),  in  which  C  —  the  allowable  compressive  stress  in  pounds  per  square  inch,  with 
the  grain,  for  the  wood  used,  and  d  =  least  cross-sectional  dimension  of  column  in  inches. 

BENDING  AND  DIRECT  STRESS— WOOD  AND  STEEL 

By   Clyde  T.  Morris 

100.  General. — Tension  and  compression  members  are  frequently  submitted  to  bending 
stresses  in  addition  to  the  axial  stress.  This  bending  may  be  due  to  transverse  loads  on  the 
member  or  to  the  eccentricity  of  the  longitudinal  load,  or  to  both. 

The  resulting  maximum  unit  stress  in  the  member  may  be  said  to  be  composed  of  three 
parts,  that  due  to  the  direct  axial  load,  that  due  to  the  transverse  bending  moment,  and  that 
due  to  the  eccentricity  of  the  axial  load  caused  by  the  deflection  of  the  member. 

The  deflection  of  the  member  in  turn  b  caused  both  by  the 
,__■_■!<■ j^9     ■    transverse  load  and  by  the  eccentricity  of  the  axial  load  due  to 


i«- 


this  deflection.     This  is  illustrated  in  Fig.  106. 


FiQ.  106.  101.  Bending  Due  to  Transverse  Loads  Only. — An  approxi- 

mate value  for  the  maximum  unit  stress  may  be  obtained  by 
neglecting  that  part  of  the  bending  moment  caused  by  the  eccentricity  of  the  axial  load  due 
to  the  deflection.     In  this  case 

in  which  M  is  the  moment  due  to  the  transverse  loads  only.     This  gives  sufficiently  accurate 
results  where  the  ratio  of  length  to  depth  is  small. 

When  a  member  is  comparatively  slender,  a  more  accurate  determination  is  desirable. 
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This  may  be  obtained  by  adding  to  the  bending  moment,  the  effect  of  the  deflection  due  to 
transverse  load.     The  deflection  due  to  transverse  load  is 

,       TFL«       ,      Mc       .  ..      WL 

^^KTi    ^  -  TT  ^"^^  ^  ' -7 

in  which  /i  is  the  fiber  stress  due  to  flexure  only,  and  K  and  q  are  constants  depending  upon^he 
fixity  of  the  ends  of  the  member  and  the  character  of  the  loading.     From  these  we  get 


A  = 


_,qSJ^^ 


KEc 


The  total  bending  moment  »  Af  ±  PA  and  /i 
for  A  and  solving  for  /i  we  get 

/i 


(M  ±  PA)c 


Substituting  in  this  the  value 


Me 


'*4xT 


Calling  ^  ™  C  and  adding  the  effect  of  the  direct  axial  load,  we  get 

Mc 


'-5+ 


/± 


E 


(2) 


In  the  denominator  of  the  second  term  of  eq.  (2),  the  minus  sign  should  be  used  for 
compression  members  and  the  plus  sign  for  tension  members.  The  moment  of  inertia  used, 
should  be  calculated  for  an  axis  perpendicular  to  the  plane  of  the  bending.  Values  for  the  con- 
stant C  are  given  below. 


""•f2 


For  pin  ends,  concentrated  load ^"ii 

40  1 

For  pin  ends,  uniform  load C  —  ^^ use  jr 

2  1 

For  one  pin  and  one  fixed  end,  concentrated  load C  »  --  _.  at  center use  -ra 

00.04  17 

^-^2**^°^ ^«4 

128  1 

For  one  pin  and  one  fixed  end,  \iniform  load C  >■  --^-  at  center use  r^ 

lOOo  16 

C-jfjatend u«,  A 

8  1 

For  both  ends  fixed,  concentrated  load C  —  r^   use  ^ 

24  1 

For  both  ends  fixed,  uniform  load C  —  ^^7  at  center use  r^ 

/T        12     ^        .  1 

^"384**  ^"** "■^32 

The  fixed  end  condition  is  seldom  realized  in  practice  and  this  assumption  should  be  made 
only  after  careful  investigation  of  the  actual  end  conditions.  For  this  reason  many  engineers 
use  C  "*  ^0  ^or  all  cases  of  combined  transverse  bending  and 
direct  stress. 

XUastratiTe  Problem. — Fig.  107  shows  a  part  of  the  top  chord  or  rafter  of 
a  roof  truss  which  carries  purlin  loads  between  the  panel  points  in  addition  to 
its  direct  stress  as  a  member  of  the  truss. 

The  rafter  is  composed  of  2  angles  6  X  3H  X  H*  ▼ith  the  long  legs  verti- 
cal. Since  the  rafter  is  continuous  over  the  panel  points,  there  will  be  a  nega- 
tive moment  at  Uie  panel  points  and  a  positive  moment  midway  between  under 
the  purlin  load.  Each  of  these  may  be  taken  as  equal  to  Mo  of  the  moment 
in  a  simple  beam  similarly  loaded. 

The  direct  compression  as  a  member  of  the  truss,  P  —  47,000  lb. 

The  weight  of  the  member  per  horisontal  foot,       w  —  34.3  lb. 

Tlie  moments,  considering  the  member  as  a  simple  beam,  are: 


Fia.  107. 


Moment  due  to  weight  — 


(34.3)(10)' 
8 


-  430  ft.-lb. 


Moment  due  to  purlin  load  -  ^?5^^^1^  .  7500  ft.-lb. 

4 

Total  simple  beam  moment  —  7930  ft.-lb. 
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CootinuouB  beam  moment  »  (Mo) (7930)  «  6344  ft.-lb.  -  76,130  in.-lb. 
From  equation  (1) 


At  the  i>anel  point,  /  — 


47.000        (76,130X3  92) 


9.00      '  33.18 

-  5220  +  8990  -  14,210  lb.  per  Bq.  in. 


At  the  mid  span,  /  — 


47,000        (76,130)  (2.08) 


From  equation  (2) 


9.00     '  33.18 

-  5220  +  4770  -  9990  lb.  per  sq.  in. 


At  the  panel  point,  /  » 


47.000 
9.00 


+ 


(76,130X3.92) 


33.18  - 


(47.000X11.2)«(12)« 


-  5220  + 


(20X30.000.000) 
(76,130X3.92) 


28.12 
5220  +  10,500  «  15,720  lb.  per  sq.  in. 


At  the  mid  span,  /  — 


47.000 
9.00 


(76.130X2.08) 


(47.000X11.2)»(12) 


-  6220  + 


(17)(30.000.000) 
(76,130X2.08) 


27  59 
-  5220  +  5740  -  10,960  )b.  per  sq.  in. 

Note  that  thoee  values  of  C  in  equation  (2)  have  been  used  for  a  member  with  one  pin  end  and  one  fixed  end. 
This  is  probably  on  the  safe  side,  but  the  connection  at  "a"  is  not  sufficient  to  fix  that  end  of  the  member.  Due 
to  the  continuity  of  the  member  at  "B,"  and  the  purlin  load  in  the  panel  beyond,  it  is  probably  safe  to  consider 

the  member  as  fixed  there.  Note  that  "c"  in  each  case  is  the  distance 
from  the  center  of  gravity  of  the  section  to  the  compression  side  of  the 
member. 

The  maximum  fiber  stress  "/"  should  not  exceed  that  given  by  the 
cc^umn  formula  of  the  specifications  being  used. 

niostratlTe  Problem. — Fig.  108  shows  a  tension  member  of  a  roof 
truss  which  is  subject  to  bending  due  to  its  own  weight.     It  is  com- 
posed of  2  angles  3H  X  3H  X  Ks- 
P  -  36,000  lb. 


/^f9HR^ 


Fig.  108. 


The  direct  tension  in  the  member. 

The  weight  of  the  member  per  foot,  w  —  14.4  lb. 


The  bending  moment,  M  ^  ^ 


8      (14.4)(12.5)« 


8 


225  ft.-lb.  -  2700  in.-lb. 


The  net  area  of  the  member,  A  -  4.18  -  2(H)  (Me)  -  3.63  sq.  in. 
From  equation  (1) 


At  the  panel  point,  /  > 


36,000        (2700)(2.51) 


At  the  mid  span,  /  — 


3.63     '  4.9 

-[9920  +  1380  «  11,3001b.  per  sq.  in. 
36.000    ,    (2700) (0.99) 


From  equation  (2) 


3.63     ' 
-  9920  +  540 


At  the  panel  point,  /  i- 


At  the  mid  span,  /  — 


36.000 
3.63 


4.9 
10.460  lb.  per  sq.  in. 

(2700X2.51) 


4.9  + 


(36,000)(12.6)«(12)» 


(32)  (30,000,000) 
9920  +  1180  -  11,100  lb.  per  sq.  in. 


V — 


36.000 
3.63 


+ 


(2700)  (0.99) 


4.9  + 


(36.000X12.5)«(12)i 


(16)  (30.000,000) 
-  9920  +  410  -  10,330  lb.  per  sq.  in. 

In  ease  any  load  is  suspended  from  the  member  between  panel  points,  its  moment 
should  be  added  to  that  due  to  the  weight  of  the  member. 

Illustrative  Problem. — ^Fig.  109  shows  a  building  column  which  is  subject  to  bending 
stress  under  wind  loads,  due  to  the  thrust  of  the  knee  brace. 

The  total  direct  load  on  the  column,  P  -       62.000  lb. 

The  bending  moment,  M  -  1.200.000  in.-lb. 

A  -  26.00  sq.  in.  /  -  854 

From  equation  (1) 

/- 


A 


H'/^s^^' 


62,000        (1.200.000)(7.12) 


Fio..  109 


From  equation  (2) 


26.00     '  854 

-  2390  -t-  10,000  -  12.390  lb.  per  sq.  in. 


62.000 
26.00 


+ 


(1.200.000)  (7. 12) 


854  - 


(62.000)  (20)  2<  12 )« 


=  2390  + 


(12)  (30.000,000) 
(1.200.000)(7.12) 

844 


-  2390  +  10,120  -  12,510  lb.  per  sq.  in. 
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lOS.  EccentricaUjr  Losded  Columns. — When  the  bending  moment  on  a  column  b  caused 
b;  the  column  load,  or  &  part  of  it,  being  applied  away  from  the  axis  of  the  column,  the  column 
is  said  to  be  eccentrioally  loaded.  This  bending  moment  may  be  treated  similar  to  that  caused 
by  transverse  loads,  and  approximate  results  obtained  by  the  use  of  eqs.  (1)  and  (2). 

If  the  entire  bendine  moment  is  due  to  eccentric  loading,  theoretically  exact  results  may 
be  obtained  by  the  use  of  the  equation 

^      A  +,X7  .  *^* 

in  which  K  =  cos  (28.65  ~\Yn)'     Values  of  K  for  pin  ends  are  given  by  the  curves  in  the 

diagram,  Fig.  110.    If  conditions  are  such  aa  to  warrant  the  assumption  of  fixed  ends,  }^L 

tn&y  be  used  in  determining  ths  value  of  -  to  use  in  !F1g.  110. 

to 


%' 


r 


■$iA 


0      eo    40     «o     80     100  ^20    r40    leo    leo  zoo 
Values  of  f- 

no.  110. — Um  Cot  soceatriully  loaded  catumm  wilb  pin  anda.     Far  oolumoB  with  fixed  ends  uM  }iL  in  det«r- 

The  radius  of  gyration  should  be  taken  about  an  axis  normal  to  the  plane  of  bending.  This 
may  not  give  the  greatest  value  of  -  which  should  be  used  in  the  column  formula  for  determining 
the  allowed  unit  stress. 

niaMnti**  Probltm.— Fir  111  ahova  a  building  column  tawhicb  aoorbeaniSBrB  conn«ted  unaymmetrirally, 
•auinc  an  eccentric  load  on  the  column,  [f  the  beanu  are  rivel^d  to  the  •^ulumn  In  sddition  to  resting  on  shelf 
an^ea,  it  is  safe  to  aasumc  that  tha  losd  la  appliod  at  the  face  of  the  oolumn.  The  deSection  of  the  shelf  angla 
would  I>robabt7  be  sufficient  to  brint  the  center  dI  preaaure  very  near  tg  the  fice  ol  the  column  in  any  cms. 

The  total  1o«I.  P  -  SO.OOO  +  32.000  +  31.000  +  W.OOO  -  IM.OOO  lb. 

TtM  beodios  miHDent,  1/  -  (40,000)(GH)  -  235.000  in.-lb. 
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From  equation  (1) 


Pio.  111. 


/- 


194,000 


(235,000)  (6.875) 


From  eqiiation  (2) 

0 


From  eqiiation  (3) 


19.00   '      499.0 

-  10.210  4-  2760  -  12,970  lb.  per  sq.  in. 


/- 


194.000 
19.00 


+ 


(235,000)  (5.876) 


499.0  - 


(194,000)(16)«(12)« 


(10)  (30,000.000) 
-  10,210  +  2900  -  13,110  lb.  per  eq.  in. 


38 


h         192 
r    "  6.13 
K  -  0.935  (from  Fig.  110) 
194.000 


r- 


(235.000)  (5.875) 


19.00      ■      (0.935)  (499.0) 
-  10.210  +  2960  »  13,170  lb.  per  sq.  in. 

Uluttrative  Problem. — A  wooden  column  12  in.  square  supports  a  concentric  load  of 
70,(X)0  lb.  and  an  eccentric  loa^  of  15,000  lb.  acting  at  4  in.  from  the  face  of  the  column. 
Compute  the  maximum  stress  on  the  column. 

The  total  load,  P  -  70.000  +  15.000  -  86.000  lb. 

The  bending  moment.  M  «  (15,000)  (10)  -  150,000  in.-lb. 
From  equation  (1) 


/- 


86,000        (150,000)(6) 


144       '  1728 

-  590  +  520  -  1110  lb.  per  sq.  in. 

Since  the  value  of  ^  is  usually  small  for  wooden  columns,  the  value  of  /,  if  computed  by  eqs.  (2)  and  (3), 

will  be  practically  the  same  as  obtained  above.     This  indicates  that  the  deflection  is  small. 


BENDING  AND  DIRECT  STRESS^CONCRETE  AND  REINFORCED  CONCRETE 

By  George  A.  Hool 

lOS.  Theory  in  General. — If  a  beam  is  acted  upon  by  forces  which  are  all  normal  to  its 
length,  then  the  stresses  resulting  are  due  to  simple  bending.  If,  however,  any  of  the  forces 
acting  throughout  the  length  of  a  beam  be  inclined,  or  if  additional  forces  be  applied  at  the  ends, 
then  our  beam  formulas  for  simple  bending  will  not  apply.  Likewise,  in  columns,  if  the  load 
be  eccentrically  applied  or  if  lateral  pressure  be  exerted,  both  bending  and  direct  stresses  will 
result  and  the  ordinary  column  formulas  cannot  be  used  except  to  give  approximate  results  when 
the  amount  of  bending  is  small. 

The  same  combination  of  stresses  occurs  also  in  arch  rings  and  may  occur  in  special  cases. 
The  formulas  to  be  derived  can  be  employed  in  any  type  of  reinforced-concrete  structure 
provided  the  normal  component  of  the  resultant  thrust  on  the  given  section  acts  with  a  lever 
arm  about  the  center  of  gravity  of  the  section.  In  long  beams  and  columns,  the  deflection 
resulting  from  flexure  should  be  given  consideration  when  determining  the  eccentricity  of  the 
axial  and  inclined  forces. 

Let  us  first  conisder  structures  of  plain  concrete.  The  dis- 
tribution of  pressure  on  any  section  due  to  a  resultant  pressure 
acting  at  different  points  will  be  explained.  Consider  a  section 
represented  in  projection  by  EF^  Fig.  112.  When  the  resultant 
R  acts  at  the  center  of  gravity  0,  the  intensity  of  stress  is  uniform 
over  the  section  and  is  equal  to  the  vertical  component  of  i^  divided 

N 
by  the  area  of  section,  or  -j-     MR  acts  at  any  other  point,  as  Q, 

and  if  the  projection  of  the  section  is  taken  such  that  the  distance 
xi  represents  the  true  lever  arm  of  N  about  the  center  of  gravity, 
then  the  force  N  is  equivalent  to  an  equal  iV^  at  O  and  a  couple 
whose  moment  is  Nxs^     The  intensity  of  the  uniformly  varying  stress  due  to  this  bending  moment 

at  a  distance  x  from  0  is  (by  the  common  flexure  formula  for  homogeneous  beams)    y—  •  in 


FiQ.  112. 


Sec.  1-103] 
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which  /  is  the  moment  of  inertia  of  the  section  about  an  axis  through  O  at  right  angles  to  the 
plane  of  the  paper.  At  the  edges  E  and  F  this  intensity  =  — j — •  Regarding  compressive 
and  tensile  stresses  as  positive  and  negative  respectively,  the  intensity  of  stress  at  edge  E  is 


At  edge  F  it  is 


•^'^  "  A  ■*"     / 
^'  "  A  I 


If  the  stress  /«'  comes  out  minus,  the  value  obtained  is  the  maximum  tension  as  shown  in  Fig- 
113.  In  plain  concrete  construction  a  greater  tension  than  about  50  lb.  per  sq.  in.  should  not 
be  allowed. 

When  we  come  to  reinforced  concrete,  which  is  composed  of  two  materials  (concrete  and 
steel)  with  different  values  of  E,  then  the  steel  area  at  any  given  cross  section  may  be  replaced 
by  an  area  of  concrete  equal  to  n  times  the  area  of  the  steel,  placed  in  the  plane  of  the  steel 
reinforcement.  This  section  may  be  called  the  transformed  -  section,  or  section  of  concrete 
theoretically  equivalent  in  resistance  to  the  actual 
section.  Under  this  heading  rectangular  sections  only 
will  be  considered  and  Fig.  114  represents  a  transformed 
section  as  referred  to  above. 

Thus,  if  ile  is  the  area  of  the  concrete,  and  A©  is  the 
cu-ea  of  the  steel  =  A,  -f  A';  then  the  equivalent  area 
A  =  Ac  -f  nAo  =  6«  -f  n{A,  +  A') 


Fio.  113. 


Fia.  114. 


If  /e  is  the  moment  of  inertia  of  the  concrete  about  the  gravity  axis,  and  /« is  the  moment  of 
inertia  of  the  steel  about  the  same  axis^  then 

/  =  /,  +  nl. 
and 

(/c)^        N        (+)    Nx^i 
(//)       Ac  +  nAo  (  -  )  /.  -f  nU 

A'         A'  * 

If  we  denote  p  and  p'  by  xi^and  -rr  respectively,  then  the  distance  from  the  face  most 

highly  stressed  to  the  center  of  gravity  of  the  transformed  section  is  (by  moments) 


u 


bt^  +  nA^  +  nA'd' 


bl* 


A  bt-^  n(A,  +  A')  1  -f  np  .-f  np' 

Ic  =  Hhu^  +  HW  -  uy  =  j\u'  +  («  -  uy^ 
/.  =  A.(d  -  u)*  -f  A'(u  -  d')* 
I  =  Ic  +  ni;  =  l-fw^  +  («  -  u)*\  +  nA»{d  -  m)«  +  nA'{u  -  d')* 

If  the  reinforcement  is  symmetrical,  then  u  -  -^  and 

/  =  ViiW  +  2nA.iyit  -  dO'  =  H2bt*  +  2npbt  (Ht  -  d')* 
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Since,  A 


bt  4-  n(A,  -f  A')  =  6(  +  2nbt(p  +  p') 
(fc)  N  (+) 


iVx.| 


W  -\-nbi{p  -f  p')(-)H2fc^'  +2np6^(H'-(i')* 


104.  Compression  Oyet  the  Whole  Section  (Case  I). — The  formulas  developed  in  per- 
ceding  article  apply  when  the  stress  is  either  compression  over  the  entire  section,  or  when 

there  is  compression  over  a  portion  of  the  section  with  a  tension 
over  the  remainder  not  exceeding  the  allowable  tensile  stress  in 
the  concrete.  The  formulas  we  shall  use  will  apply  to  rec- 
tangular sections  with  symmetrical  reinforcement  and  are  given 
in  the  following  form  for  convenience,  letting  po  denote  the 
quantity  p  -^p': 


(fc) 


bt  Ll 


(+) 


^at 


>orO 


(1) 
(2) 


+  npo(-)(«  +  12np, 

By  referring  to  Fig.  115  it  will  be  clear  that  the  stress  in  the 
steel  is  always  less  than  n  X  /e ;  thus,  if  /« is  kept  within  its 
allowable  value,  the  steel  is  sure  to  be  safely  stressed. 

£q.  2  gives  a  means  of  determining  the  eccentricity  of  the 
resultant  force,  or  xo,  for  which  there  can  be  neither  tension  nor 
compression  at  the  surface  opposite  to  that  near  which  the 
thrust  acts.  To  obtain  the  value  of  x© .which  gives  a  zero  value 
to  fe\  equate  the  two  tenns  within  the  brackets,  and  solve. 

1  Qxot 


or 


Xo  = 


1  -f  n(p  +  p')      t^  +  12npor» 
t*  +  24npr«        1 


6^ 


(3) 


1  +  n(p  +  p') 

If  n  is  assumed  to  be  15,  and,  if  the  steel  is  embedded  in  the  concrete  one-tenth  of  the 
total  depth  from  each  surface  so  that  2r  =  J^f,  eq.  (3)  becomes 

Xo  ^  1  -f  28.8po 
t         6  +  90po 

If  the  values  n  =  15  and  2r  ^  ^t  are  substituted  in  eq.  (1),  this  equation  becomes 


(4) 


^'    btll 


1  ,Xo 

+  15po       t 

or  if  the  expression  in  the  brackets  is  denoted  by  Kj 

NK 


6 


1  +  28.8po 


] 


(5) 


/.  = 


bl 


(6) 


Xo  C^ 

Diagrams  1  to  3  inclusive  give  values  of  K  for  various  values  of  po,  -r*  arid  y  and  for 
n  =  15.     The  termination  of  the  curves  are  determined  in  Diagram  2  by  eq.  (4)  and  in  the  other 

Xn 

diagrams  by  similar  equations.    For  greater  values  of  -,  •  Case  I  does  not  apply;  that  is,  there 

is  tension  in  the  concrete  and  Case  II  must  be  employed. 

105.  Tension  Over  Part  of  Section  (Case  II). — It  will  be  on  the  safe  side  and  convenient 
as  regards  the  construction  of  working  diagrams  to  consider  that,  when  any  tension  exists  in 
the  concrete,  the  steel  carries  all  tensile  stresses.  In  this  case  there  are  three  unit  stresses 
to  be  determined:  namely,  maximum  unit  compression  in  concrete /«,  maximum  unit  compres- 
sion in  steel  /,',  and  maximum  unit  tension  in  steel  /,.  The  general  formulas  developed  in  Art. 
103  are  not  applicable  to  this  case  and  the  following  method  may  be  used : 
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1^ 

io  I 

Q  1  « 
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Referring  to  Fig.  116,  it  follows  that 

/.'=n/.(l--g) 


and 


Since  the  resultant  fiber  stress  equals  N 

N 


(7) 


(8) 


f/pM  .  fcbkt      f.jhM 
2      "^     2  2 


Fia.  116. 


Eliminating  f/  and  /«  by  means  of  eq.  (7)  and  (8) 

^      fM     *"^  +  2npok  —  npo 

/cb(  .  k*  -h  2nfepo  —  npo 
•"2  )b 

The  moment  of  the  stresses  about  the  gravity  axis,  eliminating  /«' 
and  /.  as  before,  is 


(9) 


M-/e^{=^V^2^3-2/:)] 


(10) 


or,  if  the  quantity  within  the  brackets  is  designated  by  L,  then 

M  ^fcbi'L,  or  f.  =^^  (11) 

The  position  of  the  neutral  axis  must  be  determined  before  eq.  (11)  can  be  used.  Since 
Nxq  =  Af ,  we  may  multiply  eq.  (9)  by  xo  and  equate  it  to  eq.  (10).  Proceeding  in  this  manner 
the  following  equation  results 


k*  -  3(h  -  7)**  +  6npo&  7    =  3npo(j"  +  2^|) 


(12) 


Xa  d' 

Diagrams  4,  5  and  6,  based  on  eq.  (12),  give  values  of  k  for  various  values  of  po,  7  •  and  7 

and  for  n  ^  15.     Diagram  7  gives  values  of  L. 

The  method  of  procedure  in  solving  problems  under  Case  II  is  as  follows:  (1)  Determine  k 
from  the  proper  diagram;  (2)  find  L  from  Diagram  7;  (3)  solve  eq.  (11)  for  Z^;  (4)  find  unit, 
stresses  in  the  steel  from  eqs.  (7)  and  (8). 


UlastTAtiTe  Problem. — A  beam  is  0  in.  wide  and  20  in.  deep.  The  reinforcement  both  above  and  below 
oonsiets  of  one  eteel  rod  1  in.  in  diameter  embedded  at  a  depth  of  2  in.  At  a  certain  section,  the  normal  component 
of  the  resultant  forcens  60.000  lb.,  acting  at  a  distance  of  3.4  in.  from  the  gravity  axis.  Assume  n  ->  15.  Compute 
the  maximum  unit  compressive  stress  in  the  concrete. 

A,  -f  A'       (2)(0.7854) 


V 


bt  (9)  (20) 

xo       3.4 


-  0.0087 


t 


20 


-  0.17 


X9 


For  these  values  of  p%  and  y,  Diagram  2  gives  K  —  1.70  and  shows  that  the  problem  falls  under  Case  I. 


Then  by  eq.  (0) 


-        NK       (00.000)(1.70)        „_  ,. 
^'  '-bt (9)C20)    -  -  567  lb.  per  sq.  in. 


niustratlTe  Problem. — Change  the  eccentricity  of  the  preceding  problem  to  6  in.  and  solve. 

xo        6 


I        20 


-  0.30 


Xo  '0 

For  pf  "-  0.0087  and-r  *-  0.30,  Diagram  2  shows  that  —  is  too  great  for  the  problem  to  come  under  Case 

I.     The  method  of  procedure  for  Case  II  must  then  be  followed. 

To 
Diagram  5  gives  k  -  0.73  for  the  values  of  po  and  y  given  above.     With  k  ->  0.73  and  jh  "  0.0087,  Diagram 

7  shows  L  to  be  0.123.     Solving  equation  (11) 


/c- 


(60.000)  (6) 


M 


Lbt*       (0.123)(9)(20) 


J  —  815  lb.  per  sq.  in. 


li 
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Vnuf  tn.  (8) 

/.  -  ^.(^-  -  I)  -  (1S)«1»(5^^  -  1)  -  2830  lb  ,»  «,.  in. 
Tha  atrM  /.'  m>y  be  louod  by  eq.  (7)  but  ix  livxyt  leu  thu  n  X  /^ 


QITSTMMETIUCAL  BENDING 

Br  W.  S.  KiNhB 

In  eertain  types  of  conalructJon  it  is  found  necessary  to  place  beam  sectioiu  with  their  axes 
of  ejrmmetry  at  an  angle  to  the  plana  of  loading,  aa  shown  in  Pig.  117.  Far  the  conditions  shown, 
the  principal  axes  of 

the  section    and   the  flbtt  O^Apatf^,  _  Pbnfofhcxeng 

plane  (rf  loading  do  not 
coincide,  as  assumed 
in  the  cases  considered 
in  the  preceding  chap- 
ters. Bending  of  the 
nature  shown  in  V\%. 
117  is  known  as 
unayminelricaJ   bend-  P„   ,,7 

inj.  The  brief  treat- 
ment of  the  subject  given  in  this  chapter  is  confined  to  cases  of  pure  bending  only. 

lOS.  General  Formnlu  foi  Fiber  Stress  and  Position  of  Neutral  Ass  for  Unsynunetrical 
Bending. — The  full  line  rectangle  of  Fig.  llSshowsaright  section  of  a  straight  beam  of  unifonn 
cross  section  subjected  to  a  bending  moment  M  actir^;  in  a  plane  which  passes  through  the 
longitudinal  axis  of  the  beam,  making  an  angle  6  with  OX,  one  of  the  principal  axes  of  the 
section.  In  the  work  to  follow,  point  O  will  be  taken  as  the  origin  of  coordinates,  and 
the  principal  axes  of  thesection,  OX  and  O}' of  I^lg.  118,  will  be  takenaa  thecofirdinateaxes. 
Aa  the  formulas  are  greatly  simplified  thereby,  the  properties  of  the  section  will  be  referred  to 
the  {vincipal  axes.  These  quantities  arc  given  directly  or  are  easily  calculated  from  data 
given  in  any  of  the  structural  steel  handbooks. 

Let  n-n  of  F^g.  118  (a)  represent  the 
position  of  the  neutral  axis  of  theassumed 
section  for  the  given  plane  of  loading,  and 
let  a  be  the  angle  which  the  neutral  axis 
makes  with  OX.  Angle  a  and  also  angles 
are  to  be  considered  as  positive  when 
measured  inacounter  clockwise  direction. 
YS%.  118  (b)  shows  the  fiber  stress  con- 
ditions on  a  line  at  right  angles  to  the 
neutral  axis,  assuming  linear  distribution 
of  stress. 

Let  P,   Fig.   118  (o),  be  any  fiber  of 

infinitely  small  area  o  at  a  distance  v  from 

the    neutral    axis.     Assuming     positive 

j,,iji   ^^^  (clockwise)   moment,    the    intensity   of 

fiber  stress  at  P  is/  «  — /iP,  where  /i  is 

the  fiber  stress  intensity  at  unit  distance  from  the  neutral  axis.     The  minus  sign  indicates 

compression,  for,  aa  shown  in  Fig.  \\^,  the  fiber  under  consideration  is  above  the  neutral 

The  moment  of  resistance  of  the  section,  which  is  equal  to  the  stress  on  each  fiber  multi- 
irticd  by  its  distance  from  the  neutral  axis  is  M«  =  S/iOp',  where  £  represents  the  summation 
for  the  entire  rectangle.     But  "Liu?  is  the  moment  of  inertia  of  the  section  about  the  neutral 
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axis  (see  Art.  61c),  which  will  be  denoted  by  /«.  With  this  notation,  Mb  ^  fJn-  Substituting 
for  /i  its  value    —  -.  we  have 

V 

Since  the  beam  is  in  equilibrium,  the  moments  of  internal  and  external  forces  at  any  sec- 
tion must  be  equal.  Taking  the  neutral  axis  as  the  axis  of  moments,  the  external  moment  in  a 
plane  perpendicular  to  the  neutral  axis  is  M  sin  (0  —  a).     The  moment  of  internal  forces  is 

the  resisting  moment  of  the  section,  which  is  given  above  as  Mr  >= /«•    Equating  these 

two  expressions 

-            ,,  V  Bin  i$  —  a) 
f  =  —  M f 

This  expression  can  be  placed  in  a  more  convenient  form  by  referring  both  v  and  /«  to  the 
principal  axes  of  the  section.  From  Fig.  118  (a),  v  =  y  cos  a  —  xsm  a.  Values  of  x  and 
y  are  positive  when  measured  upward  and  to  the  right.  In  treatises  on  Mechanics  it  is  shown 
that  in  terms  of  the  principal  moments  of  inertia  of  the  section,  /.  and  /y,  the  moment  of 
inertia  about  the  neutral  axis  is  /»  =  /<  cos'a  +  /y  sin'  a.  Substituting  these  values  in  the 
general  equation  given  above 

/•  -  _  if  (y  cos  a  —  X  am  a)  sin  (0  —  a) 

(/,  cos*  a  -\-  ly  sin*  a) 

To  determine  the  relation  between  the  angles  a  and  9,  a  summation  of  external  moments 
about  any  two  axes  will  yield  two  independent  equations  from  which  the  desired  relation  can 
be  obtained.     Two  convenient  axes  are  OX  and  07,  the  principal  axes  of  the  section. 

For  axis  OX,  using  the  value  of  v  given  above, 

Af  sin  d  =  X  /i  <wy  =  IS  /i  (y^cos  a  —  xy  sina)  a 
But  £  oy*  is  the  moment  of  inertia  of  the  section  about  the  axis  OX,  which  is  denoted  by  /„ 
and  £  axy  is  the  product  of  inertia  of  the  section,  which  is  zero  for  principal  axes.     Then, 

Af  sin  9  =  /i  /,  cos  a 
In  the  same  way,  for  axis  OY^ 

M  cos  0  ^  —  fily  sin  ot 
Solving  these  equations  for  a,  we  have 

tan  a  =  —  -p  cot  0  (1) 

which  is  the  general  equation  for  direction  of  the  neutral  axis  for  bending  in  any  given  direction^ 
Substituting  the  value  of  a,  as  given  by  eq.  (1),  in  the  above  expression  for  /,  we  have 


r  IX  l^yV  sin  0  -h  I»x  cos  9\ 

f=-^[ TJl ) 


which  is  the  general  expression  for  fiber  stress  at  any  point  in  a  section  of  a  beam  due  to  a  mo- 
ment M  acting  in  a  plane  at  an  angle  0  to  the  axis  OX.  This  equation  can  be  made  to  apply 
to  any  particular  point,  as  A,  Fig.  118  (a),  an  extreme  point  of  the  section,  by  substituting  for 
X  and  y  the  coordinates  of  the  point  in  question.  Let  these  coordinates  be  Xa  and  y^,  and  let 
/a  be  the  resulting  fiber  stress.     Then 

U  =  -M  (^I?d_8i5_^i£5d^"«  ^\  (2) 

Since  in  eqs.  (1)  and  (2),  x^j  yAt  Ixt  and  ^y  are  constants  for  any  given  point  in  a  given 
section,  it  follows  that  the  direction  of  the  neutral  axis  and  the  intensity  of  the  stress  are  depend- 
ent upon  the  value  of  0.  For  (?  =  90  deg. ,  eq.  (2)  becomes  /a  =  MyA  //„  and  eq.  (1)  becomes,  tan 
a  =  0,  or,  a  =  0  deg.  Again,  for  ^  =0  deg.,  eq.  (2)  becomes, /a  =  Afx^/Zy,  and  eq.  (1)  be- 
comes, tan  a  —  infinite,  or,  a  =  90  deg. 

It  will  be  noted  that  these  special  values  of  fiber  stress  are  of  the  form  given  in  Sect.  2,  Art. 
61c,  that  is, /  =  Af  (c//) ,  where  / /c  is  known  as  the  section  modulus  of  the  section.  Also,  the  neutral 
axis  in  each  case  is  perpendicular  to  the  plane  of  loading.  This  condition  holds  true  only  when 
the  plane  of  loading  ooinoides  with  one  of  the  principal  axes  of  the  section,  at  which  time  the 
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other  principal  axis  is  the  neutral  axis,  a  fact  which  can  be  verified  by  a  study  of  the  values  of 
a  given  above. 

Eq.  (2)  can  also  be  written  in  the  form 


/a  =  -  [(M  sin  <>)  ^  +  (M  cos  eff] 


(3) 


As  shown  by  the  substitutioas  made  above,  this  expression  is  the  sum  of  two  quantities  ob- 
tained by  resolving  the  bending  moment  into  its  components  parallel  to  the  principal  axes  of  the 
section.  Then  by  adding  the  fiber  stresses  due  to  these  component  moments,  there  is  obtained 
an  expression  identical  to  eq.  (3),  and  on  transformatioA,  to  eq.  (2).  This  offers  a  simple  and 
easily  remembered  method  for  the  calculation  of  fiber  stresses  due  to  unsymmetrical  bending. 

107.  Flexural  Modulus. — In  Sect.  2,  Art.  61c,  it  is  shown  that  for  bending  in  the  plane  of  a 
principal  axis,  the  fiber  stress  in  a  beam  is  given  by  an  expression  of  the  form 

where  for  any  given  section  I/c  is  a  constant  quantity  known  as  the  sectian  modulus. 

In  eq.  (2),  the  reciprocal  of  the  expression  in  parenthesis  is  seen  to  be  a  quantity  of  the  same 
dimensions  as  the  section  modulus,  but  more  general  in  nature,  as  it  involves  planes  of  loading 
other  than  the  principal  axes.    Let  S  denote  this  quantity.     Theh 

/  =  M/S  (4) 

where 


S  = 


lyyA  sin  ^  +  IxXa  cos  $ 


(5) 


The  expression  of  eq.  (5)  is  known  as  the  flexural  modulus  of  the  section.     For  any  given  direc- 
tion of  loading  and  for  any  given  point  in  a  section,  iS  is  a  constant.     Having  given  the  value  of 
S  for  any  given  conditions,  the  resulting  fiber  stress  is 
obtained  by  substitution  in  eq.  (4).  Y 

108.  The  S-Une. — For  any  point  in  a  given  section, 
the  value  of  £•  as  given  by  eq.  (5),  gives  a  measure  of  the 
strength  of  the  section  for  bending  in  any  direction. 

From  Analytical  Geometry  it  can  be  shown  that  eq. 
(5)  is  in  the  form  of  the  polar  equation  of  a  straight  line. 
A  convenient  graphical  representation  of  the  variation  in 
flexural  modulus  for  various  planes  of  bending  is  thus 
readily  obtained.     In  Fig.   119,  the  line  C-Z>  shows  the  j5{J! 

variation  in  flexural  modulus  for  point  A,  one  of  the  comers    '  i  '^f|     I 
of  a  rectangular  section.    This  is  known  as  an  S-line  of 
the  section.     The  vector  OE  shows  the  value  of  Sa  for 
bending  moment  at  an  angle  $  to  OX,  one  of  the  principal 
axes  of  the  section. 

It  will  be  found  convenient  to  express  the  equation 
of  the  S-line  in  terms  of  rectangular  coordinates,  li  y  ^  S 
sin  d  and  x  «  iSf  cos  d  be  placed  in  eq.  (5),  we  have 


/|r  VA  Va 


(6) 


Fig.  119. 


which  is  the  slope  form  of  the  equation  of  the  S-line  for 
point  Af  Fig.  119. 

109.  S-polygons. — Every  extreme  point  or  corner  of 
a  section  is  liable  to  become,  at  some  time,  a  point  of  max- 
imum stress.     In  order  to  determine  graphically  which  of 
several  extreme  points  is  the  one  having  maximum  stress,  it  is  necessary  to  plot  the  S-lines  for 
all  such  points.    In  this  way  the  values  of  S  for  the  several  points  can  be  compared. 

In  Fig.  119,  the  line  F-Q  represents  the  S-line  for  point  B.     The  equation  for  this  line  is 
similar  to  that  for  point  A,  and  can  be  obtained  from  eq.  (6)  by  substituting  xb  and  j/u,  the 
6 
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eoOrdinfttes  of  B,  in  place  of  the  corresponding  values  for  A.     Thus  the  required  equation  ia 

As  before,  the  vector  OK  represents  the  value  of  Sb  for  bending  at  an  angle  $  to  OX. 
Eq.  (4)  shows  that  the  point  o(  greatest  Btreaa  ia  the  one  with  the  least  .S.  Since  vector  OE  ie 
smaller  than  OK,  fiber  A  has  a  greater  stress  th&n  fiber  B  for  the  given  pl&ne  of  bending. 

Equations  similar  to  eqs.  (6)  and  (7)  can  be  m&de  up  for  each  extreme  point  of  the  section. 
If  all  these  B-lines  are  platted  in  I^.  119,  they  will  enclose  a  figure  known  as  on  S-pdygon. 
Examples  of  S-polygons  are  given  in  Art.  110. 

S-polygons  can  be  constructed  by  two  different  methods.  One  method  of  construction 
ia  carried  out  by  plotting  the  S-lines,  as  given  by  equations  similar  to  eqs.  (S)  and  (7).  The 
S-lines  for  adjacent  points  of  the  section  are  run  to  an  intersection,  and  the  resulting  enclosed 
figure  will  form  the  desired  S-polygon.  Another  and  better  method  locates  the  i»)Ordinates  of 
the  points  of  intersection  of  adjacent  Seines  by  the  methods  of  Analytical  Geometry.  This  is 
done  by  solving  simultaneously  equations  such  as  eqs.  (6)  and  (7)  for  adjacent  extreme  points 
of  the  section.  This  process  ia  repeated  for  each  pair  of  adjacent  points  of  the  section.  The 
resulting  coordinates  are  plotted  and  connected  up  to  form  the  complete  S-polygon.  This 
latter  method,  which  is  the  one  used  in  the  work  to  follow,  will  now  be  explained  in  detail. 

To  determine  the  coordinates  of  the  intersection  of  the  8-linea  for  points  A  and  B  of  li^. 
119,  the  equations  for  these  lines,  as  given  by  eqs.  (6)  and  (7),  are  to  be  solved  simultaneously. 
Let  x^  and  y^  be  the  codrdinates  of  the  point  of  intersection — that  is,  the  values  of  x  and  |f 
common  to  the  two  equations.     Then 

^.^  ^  ^  (yo  -  v^\  (8) 

^Xiya  -  xbVa 

I.(xa  -  Xb)  ,-, 

XaJ/B    —   XBJ/A 

Similar  values  for  pairs  of  adjacent  extreme  points  will  differ  only  in  the  subscripts  of  x  and  y. 
The  resulting  values,  when  plotted  and  connected  up,  will  form  the  desired  S-polygon. 

Eqa.  (8)  and  (9)  give  general  values  for  the  coordinates  of  points' of  intersection  of  S-lines. 
Under  certtun  conditions  these  equations  take  on  a  much  simpler  form.  As  shown  in  Fig.  119, 
extreme  points  A  and  B  form  an  edge  which  is  parallel  to  the  axis  OY,  and  x^  =  xb  =  d.  U 
these  values  be  placed  in  eqs.  (8)  and  (9),  the  resulting  equations  are 

i^  =  I,/d  (10) 

y.>-0  (11) 

For  two  adjacent  points,  as  A  and  N  of  Fig.  119,  which  form  a  side  parallel  to  the  OX  aiisi 
Va  —Vm  =  c,  and  eqs.  (8)  and  (9)  become 

X.,  =  0  (12) 

and 

Y  y..=  I./c  (13) 

In  cases  where  S-polygona  are  to  be  determined  for  sections 

which  are  irregular  in  outline,  as  shown  in  Fig.  120,  where  some  of 

the  sides  of  the  section  are  not  parallel  to  the  principal  axes,  OX 

and  OY,  eqs.  (S)  and  (9)  must  be  used  in  the  determination  of  the 

coordinates  of  the  S-polygon.     It  is  possible,  however,  to  make 

use  of  certain  short  cuts  which  will  greatly  simplify  the  calculations. 

This  is  done  by  revolving  the  axes  of  reference  for  coordinates  of 

extreme  points  through  such  an  angle  that  the  side  in  question 

and  the  axes  of  reference  will  be  parallel. 

,  Suppose  that  the  coordinates  of  the  intersection  points  of  the 

F,o.  120.  S-lines  fur  adjacent  points  B  and  C  of  Fig.  120  are  required.     Choose 

a  set  of  codrdinate  axes  OU  and  OV,  such  that  OV  is  parallel  to  the  side  C-B.     Let  «  be  the 

angle  which  OU  makes  with  OX,  a  principal  axis  of  the  section.     This  angle  is  to  be  con- 
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sidered  as  positive  when  measured  counter-clockwise.  If  x  and  y  be  the  codrdinates  of  any 
point  P  with  respect  to  the  OX  and  OY  axes,  and  u  and  v  be  the  codrdinates  of  the  same 
point  with  respect  to  the  OU  and  OV  axes,  it  can  be  shown  from  Fig.  120  that 

y  —  V  cos  0  -f  M  sin  ^ 
and 

X  ^  u  cos  <t>  —  V  sin  <t> 

In  these  equations  u  and  v  are  considered  positive  when  measured  upward  and  to  the  right 
with  respect  to  the  axes  OU  and  OV. 

Substituting  in  eqs.  (8)  and  (9)  values  of  x  and  y  as  given  by  the  above  equations,  using 
subscripts  to  correspond  to  the  point  in  question,  we  have 

Iy[(uB  —  Wc)sin  0  +  (v/r  —  Ve) .  cos  4>] 
<j>^  ^ 

(UcVb  —  UbVc) 

and 

_  /«[(T>i>  —  i>c)sin  0  H-  (Ue  —  tia)C08  ^1 

Since  the  angle  ^  was  so  chosen  that  OF  is  parallel  to  side  B-C,  we  have  u^  »  tie  »  &,  as  shown 
in  Pig.  120.     Substituting  these  values  in  the  above  equations,  we  have 


_    /y      COS0 

6 
/«  sin  0 


X6e    =  ^ 


y^e 


(14) 


In  using  eq.  (14)  it  is  to  be  noted  that  the  codrdinates  xu  and  yu  are  referred  to  the  principal 
axes  of  the  section,  for  in  deriving  the  equations  given  above,  only  the  codrdinates  of  the  extreme 
points  of  the  section  were  referred  to  the  axes  OU  and  OV, 

In  a  like  manner,  the  codrdinates  of  the  intersection  point  of  the  S-lines  for  points  D  and 
C  of  the  edge  D-C^  Fig.  120,  parallel  to  the  OU  axis,  are 

ly  sin  0 

T    ^    J  (15) 

/.  COS  ^ 


x^  =  -""r"] 


y*  =  +       ^ 

where  d  =»  t^  =■  »«. 

In  this  discussion  it  has  been  assumed  that  C-B  and  C-D  are  perpendicular  sides.  If 
they  are  not  perpendicular,  it  will  be  necessary  to  determine  the  proper  value  of  ^  for  each  side  in 
order  to  obtain  the  desired  results. 

When  a  section  has  a  re-entrant  comer,  such  as  F,  Fig.  120,  it  is  quite  evident  that  for  any 
given  plane  of  bending  the  fiber  stress  at  F  is  less  than  at  D.  This  is  due  to  the  fact  that  F  is 
nearer  the  neutral  axis  for  the  plane  of  bending  than  is  D.  Hence  the  S-line  for  point  D 
lies  inside  that  for  point  F,  whose  S-line  will  be  located  entirely  outside  the  S-polygon  for  the 
section.  It  is  therefore  necessary  to  draw  S-lines  only  for  the  outside  points  of  the  section, 
as  these  points  will  be  farthest  from  the  successive  positions  of  the  neutral  axis,  and  therefore 
have  the  least  values  of  flexural  modulus. 

A  Bunple  Ai^d  definite  test  for  the  determination  of  the  points  foi  which  S-lines  need  be  drawn  is  given  by 
rolling  a  right  line  around  the  perimeter  of  the  section  for  which  the  ^polygon  is  to  be  drawn.  Since  the  successive 
positions  of  this  rolling  line  are  parallel  to  successive  positions  of  the  neutral  axis  as  the  plane  of  bending  vaiiee 
throng  all  possible  angles,  it  is  evident  that  the  points  touched  by  this  rolling  line  are  those  farthest  removed 
from  the  neutral  axifr,  and  that  they  i^re  points  of  possible  maximum  stress.  It  is  to  be  noted  that  in  rolling  around 
the  section,  the  right  line  will  not  cut  across  the  section,  which  at  once  eliminates  re-entrant  comers. 

For  the  section  of  Fig.  120.  a  line  rolling  as  described  sbove  will  touch  points  A,  B,  C,  />,  and  B.  The  polygon 
formed  by  oonneoting  these  points  is  known  as  the  circumscribinif  polygon  of  the  section. 

110.  Construction  of  S-polygons. — The  S-polygons  for  a  few  of  the  standard  sections 
used  as  beams  will  now  be  calculated  and  constructed  in  order  to  illustrate  the  principles  set 
forth  in  the  preceding  articles. 
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llOa.  8-polycon  for  ■  RKtaosl*. — Tfa*  a-poljrcoci  lot  %3  X  12-ia.  r«tU(le  will  be  computed  ud 
FoDilruated.  Fif.  131  aliom  the  HDtioD  with  the  priacipal  kin  OIT  and  Orinpotttion.  ThepilDcipal  momcDU 
□I  ioeitia  are  /.  -  28S  in.',  and  /,  -  8  in.';  aod  the  coOrdiiMtea  of  tbe  aitnmu  punta  of  the  aection.  whieh  in 
thia  cue  are  alao  apioea  of  the  cireumtoritdni  pol^Koo,  are,  zj  •  +1,  VA  -  +0]  xb  —  +1.  VA  ~  ~B:  ic  ~  ~1< 
V(7 8;  and,  .„ 1,  »^  -  +«. 

Since  the  lidea  of  the  rectanala  aie  lOl  panillet  to  the  principal  aiM  of  thoMOtioD.  tbecoOrdinitev>f  tb*  airicea 
of  the  S-polycon  are  Eirad  by  eq>.  (10)  to  (13).  Foe  lidea  A-£  and  C-D,  whieb  an  parallel  to  tb<  OK  aiia.  eqa. 
(10)  and  <11)  are  to  be  lued.  With  /,  -  8  in'.,  and  o  -  xa  -  IB  -  +1.  eq.  (10)  giTea.  xt  -  +8/1  -  +S 
in.':  and  M].  (lI)ciTee.K4  -  0.  Thia  apex  of  the  B-polyion  is  located  oD  the  O  J  ana.  aaabown  is  Fie.  121-  For 
■ide  D-C  tbe  anbatitutioDi  are  aimilat  to  (hoae  for  A-B,  differina  only  in  the  aicna  of  tbe  coSrdinatM  of  the  •itreme  . 
poiata.     It  will  be  found  (rora  eq*.  (10)  aod  {11)  that  u  -  -S  in.',  and  v,d  -  0. 

aidea  A-D  and  C-B.  which  are  parallel  to  the  OX  aida,  require  the  use  of  eqi.  (12)  and  (13).  For  aide  A'D, 
with  7.-288  in.<  and  e  -  »_,  -  i/^,  -  +8  in.,  eq,  (12)  giTea  xu  -  0,  and  *q.  (13)  livee  v.d  -  +388/8  -  + 
48  In.'  From  tbe  lame  equaUont  we  Bnd  for  C-B,  u  -  0,  and  M  -  -48in.>  Th»e  apicei  of  tbe  S-polyson  ars 
located  on  tbe  OY  axil,  one  above  and  tbe  other  below  the  OX  aiia.  H  abown  in  Fi|.  121. 


Fio.  121.— S-polygon  for  2  X  IS-in.  recWnalo,  Fia.   122. — 3-polygon  for  a  lO-in,  25-lb,  I. 

The  complete  S-polygon  ta  obtained  by  plottina  tbe  pointa  determined  above,  and  eonnectins  by  atraigfat 

IV  u  in  Fig.  121:  ]iliewiee,p(Hntaab  and  (k  are  connccifd  by  a  line  denoted  by  b.     Following  thia  procedure  lor  all 
lointa.  the  complete  3-po[ygon  is  obtained,  u  ahown  in  Fig.  121. 

It  will  be  noted  Ihat  the  codrdinatee  of  the  apicH  of  the  B-pclygon,  u  v^,  x^.  eto.,  are  equal  to  the  gection 
Doduli  of  the  rectangle  lor  aiee  OX  and  OY  re>pec(ively.  Tliii  olTer*  a  convenisot  method  for  conatrueting  thie 
lolygon  without  tbe  use  of  eq>.  (10)  to  (13).  The  Ki^tion  rooduli  can  be  cali:uUted  or  taken  from  the  itHl  hand- 
looke.  plotted  on  tbe  principal  aiea  of  the  .ection,  and  the  polygoo  diawn  aa  detcribed  above, 

1106.  S^poljcaa  for  ■  lO-lo.  H-lh.  I-beam.— Fig.  1Z2  ahowa  the  S-polygon  for  a  10-in.  25-lb. 
[-beani.  Ae  the  circuniBcrfbing  polygon  foi  tlie  I-beam  i>  a  rectangle,  the  njethods  of  oalculation  are  aiactly  the 
lame  aa  giren  above  for  the  recUngular  aection.  The  deUii  oalculationa  will  not  be  given  here.  All  daU  are 
Lho»D  on  Fig.  122. 

110c.  S-polygon 
-ectangle,  but  aa  the  axis  Of  i 
:hc  OY  aiia,  aa  in  the  caae  ol  the  lecUngle  and  I-beam. 

For  a  10-in.  2Mh.  ohannel,  I.  -  Bl.O  in.<, /,  -  3.4in.>:iA  -  +2.28,  v^  -  +3.0;  is  -  +2.26.  m 
re  -  -0.82,  BC  -  -S.O;  and.  id  -  -0,62,  vd  -  +60.     (All  coSrdinatea  in  incbua.) 
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aubititDtiiw  Umw  vdu«  in  sqi.  (10)  to  (13).  tha  ooardinfiMs  ot  the  apidM  of  tha  B-polyion  m  fo 


Bqi.  (10)  to  (13).  tha  ooardinfi 

»  -  +3.*/a.M-  +1.40  i] 

vd-0 

M  -   -3.«/i 

D.aa_  -   -B.48: 

IW-  0 

M.  -  +91.0, 

/a.O    -   +18.2 

ThtH  T^uea  whan  plottad  give  tha  S-polygon  of  Fig.  123.  on  which  *11  dkta  ua  ihoVD. 

llOd.  B-toiTtoa  for  an  Aails  S«tlon.— The  S'>>lyiOD  for  &  S  X  3M  X  H-in.  usi*  wHl  ■><  oo 
putad  kod  coiwtructcd.  In  the  cbm  of  uigla  Kotiona,  tha  ataal  huidbooka  do  not  sive  directly  the  principal  i 
manta  oTiDertia  of  the  taction.  Tha  momeaU  of  iaartia  (Iveu  are  thoae  ior  tha  icavity  ■»•  o[  the  aeotion  (0 1/ ■ 
OV  of  Fis.  121).  By  tha  application  of  alew  weU-lmown  priaciplea,  the  looation  ol  taa  principal  aui  and 
valiiaa  of  the  principal  momantu  of  ioeitU  are  readily  datannJnad. 


K   / 


Vra.  123.— 8-polygon  tor  a  10-in.,  aa-lb.  ehannal.  Fi( 

Eig.  134  ahow*  tna  angje  Mction  witli  the  gravity  am 
tfaeae  aiee  aie  /.  -  10.0  in.',  and  I.  -  4,0  in.*  Moman 
Hoveirar,  the  minimmrt  radiuB  at  gyration  of  tha  aectioa  ii 
the  aectiOB.  From  Art,  02,  /  -  At*,  where  A  -  area  of  a 
qoMtion.  A  —  4.0  aq,  in.,  aod  r,  -  0.7S  in.     Then,  T,  -  * 

Tha  value  of  f.  tha  momeat  of  iaeitia  for  OX,  tha  ma 
the  wall-kDowa  relation  aoDneoting  tha  momanta  of  iner 
r.  +  r>     Aa  /.  ia  the  only  unknown,  we  have:  I.  -  I,  +  I,  -  I,  -  10.0  +  4.0  -  2.29  -  11. T( 

Tha  value  o(  the  angle  batwean  the  prioeipal  and  gravity  am,  angle  A  of  Fig.  134,  ia  given 

Thia  aipreaaion  la  found  ia  wotkt  on  Mechanica. 


/ 

124, 

-Etpolyg 

on  for  a  C 

.  X  3W  X 

H-in-a 

ngla. 

JV, 

LOdOCiD 

Tha  momenta  <rf 

inertia  fc 

ofi 

aertia  for 

principal 

not  Bive 

n  directlj 

Ithiaiaa 

of  the  min 

or  princj 

ipal  alia  o 

tioo. 

gyralJoD. 

For  the 

1  eeeWon  i 

■  X  (0.7*).  -  : 

2.25  in.' 

rpri 

Doipal  axil 

>  of  the  ae. 

M  deteri 

■  principal 

and  oth< 

Bi  uea,  w 

hieh  ia^ 

/.  +  /,- 

■i^^y 


•'■.-(rflF^S)'-"» 

r  ^  -  as  dag.  80  mia.     The  gtarlty  and  principal  aiea  arc  ihown  ia  their  raladva  poaitiona  in  Fig.  124. 

AaahowalDFig,  134,  the  udeeof  the  circooueribiag  polygon,  A 5 CZ>B.  are  not  parallel  toeithar  of  thapric 
laa  of  tha  aactian.  Tha  oaOrdinatea  of  the  apicea  of  the  B-polygon  are  to  be  calculated  by  eqi.  <S}  oi  (0)'^  c 
,UtingIhaaiea<inrereneeBBeiplalDedbyFig.  130,  aqa.  (14)alld(15)eanb«u>ed.  Aa  tha  latUr  method  i 
implar.  it  will  ba  naad  hen. 

Ana  OV  and  OV  are  parallel  to  aidea  A-B,  C-D,  D-B,  and  B-A  at  the  drcumacritHng  polygon,  and  w 
aed  aa  tha  new  axaa  of  reference.    The  angle  ifi  ia  aeen  frooi  Fig,  124  to  be  25  deg.  30  min.. 

For  aide  A-B.  which  ia  paralled  to  the  OV  alia,  eq.  (14)  ia  to  te  uead.  With  «  -  2S  deg.  30  min., 
.2S  in.,*  aod  11,4  -  HB  -2.00  in.,  we  have, 

■■.-'*'T«'°" -*'■■""•■■ 
„ . "";"'°"" -  +1.00  ,„. 
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In  plotting  these  points  it  must  be  remembered  thAt  Xak  and  Vak  are  referred  to  axes  OX  and  OY,  the  rota- 
tion of  axes  of  reference  having  been  made  only  with  respect  to  the  extreme  points  of  the  section. 
Side  D-B  is  also  paralled  to  the  OV  axis,  and  eq.  (14;  is  to  be  used,  which  gives 

<'-«-2.25)(0.903) 


Xd*   " 


yd* 


-0.91 
(  +  11.76)(0.431) 


-2.23  in.» 


-  -5.67  in.« 


-0.91 

Sides  A-E  and  D-C  are  parallel  to  axis  OU.    Substitution  in  eq.  (15)  givea 

(-2.25)(0.431) 


and 


Xm 


Vm  - 


X44  " 


Vd» 


1.66 
(+11. 75)  (0.903) 

1.66 

(-2.25)  (0.431)  ^ 
3  3^ 

(  +  11. 75)  (0.903) 


-  -0.584  in. « 


-  +6.39    in.i 


+0.290  in.« 
-  -3.18  in.« 


-3.34 

The  side  B-C  of  the  circumscribing  polygon  is  parallel  to  a  pair  of  rectangular  axes  shown  by  OR  and  OT  in 

Fig.  124.  These  axes  make  an  angle  of  33  deg.  40  min.  with 
the  gravity  axes,  or  8  deg.  10  min.  with  the  principal  axes  <^ 
the  section,  as  shown  in  Fig.  124.  This  angle  can  be  calculated, 
or  scaled  with  a  protractor  from  a  large  layout  of  the  section. 
Since  the  axis  OR  is  in  the  fourth  quadrant  with  respect  to  the 
axes  OX  and  OY, 

i>  -  (360*»  -  8*  10')  -  351  deg.  60  min. 
Using  eq.  (14),  with  ^  as  above  and  h  ■■  1.51  in.,  as  shown 

on  Fig.  124,  we  have 

(+2.25)  (0.990) 


Xht 


Vkc  - 


1.51 
(  +  11.75)(-0.142) 

1.51 


+  1.48  in.. 
-  -1.11  in.« 


£d 


I// 

/     5-Fblyqon 
Z-Bar 

S-Fb(ygon 
4V4-ii' 
T-Bar 

Fia. 

125. 

m 

xrt  =  -0.600  in.«, 
ztd  -  +1.89  in.«, 
x.t  =  -0.848  in.«, 

V 

i  -  +8.56  in.«; 

.  -  0: 

'  =  -4.38  in.«; 

Plotting  these  points  with  respect  to  the  OX  and  OY  axes,  and 
connecting  the  proper  points,  the  complete  S-polygon  is  obtained 
as  shown  in  Fig.  124. 

llOe.  S-polygons  for  Z-bari  and  T-b«n. — Two 
rolled  sections  which  are  used  occasionally  as  beam  sections  are 
the  Z  and  T-bars.  S-polygons  for  these  sections  are  shown  in 
Fig.  125.  The  detail  work  of  calculating  these  polygons  will 
not  be  given,  as  the  methods  are  similar  to  those  used  above. 

Fig.  125(a)  shows  the  S-polygon  for  a  5  X  3K  X  H-in.  2- 
bar.  The  coordinates  of  the  apices  of  the  S-polygon,  referred  to 
the  principal  axes  of  the  section  are: 

xu  -  +0.848  in.«,  vh*  -  +4.38  in.»: 

z«/  "  —  1.89  in.«,  ya/  —  0; 

X4,  -  +0.600  in.«,  yu  -  -8.66  in.«. 

Fig.    125(6)  shows  the  S-polygon  for  a  4  X  4  X  H~i°-  T-bar,  foi  which  the  codrdinatee  of  the  S-polygon  are: 
xtb  =  0,  yafc  -  -2.02  in.»;  x4m  -  0,  y«i#  =  +4.83  in.»; 

ztd  — +1.40in.«,  y«rf  «  0;  x,f  —  —1.40  in.',  y«/  —  0; 

xu  -  +1.69  in.>,  y>«  -  -  171  in.';  Xa/  -  -1.69  in.«,  y«/  -  -  1.71  in.« 

111.  Solution  of  Problems  in  Unsymmetrical  Bending. — Problems  in  un83anmetrical 
bending  can  be  solved  algebraically  by  the  use  of  eqs.  (1)  and  (2),  or  by  semi-graphical  methods 
involving  the  use  of  S-polygons.  A  few  simple  problems  will  be  worked  out  to  show  the  gen- 
eral methods  employed. 

In  problems  involving  the  determination  of  fiber  stress  in  a  given  beam  section  under 
bending  in  any  direction,  the  desired  result  is  generally  the  maximum  fiber  stress  and  the  fiber 
on  which  it  occurs.  A  complete  solution  of  this  problem  can  be  obtained  by  two  methods.  In 
the  first  method,  the  stresses  are  computed  for  all  extreme  fibers  of  the  section.  On  comparing 
these  values,  the  maximum  can  readily  be  determined.  By  the  second,  and  better  method,  the 
neutral  axis  of  the  section  is  located  on  a  large  scale  layout  of  the  section.  From  this  sketch 
the  fiber  most  remote  from  the  neutral  axis  i^  determined  by  inspection,  or  by  scaling  if  neces- 
sary, and  a  fiber  stress  calculation  made  only  for  this  fiber,  thus  giving  the  required  maximum 
stress  intensity. 

Illustrative  Problem. — A  lO-in.  25-lb.  channel  section  is  used  as  a  beam  to  support  a  moment  M  acting  in  a 
vertical  plane.     Fig.  126  shows  the  position  of  the  channel  and  the  direction  of  the  plane  of  bending  with  reepeot 
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to  ox  uu)  or,  ths  ptiiuips]  una  of  ths  Hotion.     The  lolutian  will  be  curied  out  for  both  of  the  ceoanJ  methotb 

Aletbraic Stl>ilim. — The  momeata  of  iaenik of  tha  lavtioa.  u sivsn  by  th«  iteel  hudboolu,  ui:  I,  -  91.0in.<, 
and  I,  -  3.4  in.'.  The  ooArdinatH  ot  the  axtrema  poiaU  o(  tha  sAclioaua:  n  -  +3.38,  va  -  +S.0:  xb-  + 
a.2S,  VB  -  -  a.O:  ic  -  -  0.62,  BC  -  -11.0:  "nd.  ID  -  -  0.62,  KD  -  +S.0.     (All  eoArdinnte*  in  incfaaa.) 

fram  aq.  (3),  with  0  -  00  dec.,  ■■  ehovn  in  Fi|.  136,  sad  with  the  codrdiutee  ciTan  above,  we  find  (or  pidnt 

A, 

K+ 3.4)i6.0K0.8aai  +  (0.01  )(2.28)  (0.50);  +14.72  +103.8  „ 

'•» "      ■"  I  (en(3,4)  I  "  300.B         " 

Ji-  -  0.383SJf 


riy,  we  have  (or  poinU  (7  and  O 
r;+3.4>(-S.O)(0.8aO)  +  (fll.OK-0.821(0.S)| 
(91K3.4)  J 

'c-   +  -  ■     -iftO  k +0.1386U 

-  -   +  0.04356 V 


'"        ^  309,  S 

The  |dn«  nam  indinta  tensile  streaaea. 

On  conparini  the  calculated  valuaa.  it  will  be  found  that  fiber  A 
haa  (ha  maximum  fiber  ibraaa.  and  that  the  tlreaa  intensity  ia 
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hodofa(Jutiono 

utliiiedabo*a. 

e.»(l 

between  the  an 

neutral  aiii  lor  the  (iTa 
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1-i^ 

9I.0K0.5774)  _ 
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"""                   3.4 

from  whioh.  <.  -  93  deg-  3S 

min. 

In  Fig.  126  the 

show 

gition.     It  is  evident  by  inspes- 

tioD  tbat  fiber  .4  i«  m 

^     A  single 

aubstitution  in  sq.  (2) 

for 

bet  A 

gives  the  desired  reauit.     The 

ealculatioa*   an   as  dv 

bovef 

r   pMnt    A:   the 

will  not  be 

&>!.(«».  bt  Meou 
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S-pol^j«.-On  Fig.  12fl 
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polygon.     The  B-pcJygo 

tad  from  the  cal 

Fromaq.  (4)ofAn 

r  at  real  at  any  poi 

Ptia/-  M/S. 

A>  explained  in  Art,  108,  the 

value 

of  a  for  any  pMn 

ig  equal  to  th 

Ion  of  this  problem  ^J  means  of  an  8- 

1 10  and  shown  on  Fig.  123. 
3  i>  the  fleiural  modulus  of  the  asction. 
lept  on  the  plane  of  bending  ol  the  8. 
These  inUrcepta  are  shown  on  Fig.  126,  each  with  a  aubecript  carte- 

(4J,  the  fiber  streasea  are:  Ta   -    V/2,e0    -   0.3S5Jf,  /a  -  tf/3.M  - 
0.2S6Jf,  /l'  -  tf/T.lS  -  O.lSOJf,  and  Id  -  Jf/23.0S  -  0.043£V. 

The  character  ol  fiber  straas  is  not  given  diisctly  by  the  S-polygon. 
To  dotermiDa  the  eharacliir  of  the  fiber  itreie,  locate  the  poeition  of  the 

tha  neutral  axis  will  be  under  tenule  ttresa.  and  punts  above  the  neutral 
alia  wOl  be  under  compreaaion.     Thus  in  the  case  under  eooaideiation, 

C  and  D  are  below  tha  neutnti  aiig  and  am  under  tenaion.     Thess  nsults 
are  checked  by  tha  algebraic  solution  given  above. 

Dlntttalifa  Problem.— A  £  X  3H  X  H-'n.  angle  with  tha  longer  lag 
vertical  carriea  a  moment  M  acting  in  a  vertical  plane,  as  ahown  in  Fig.  127. 
Required  the  inlsnaity  of  the  manmum  fiber  stress  and  the  filler  on  which  it 

This  is  the  angle  aection  for  which  the  S-polygon  ia  calculated  in  Art. 
110  and  ahown  on  Fig.  124.  Tha  principal  momenU  of  inertia  of  the  sec- 
tion are:  /,  -  11.75  in, •,  and/,  -  2.26  in.'.     In  Fig.  127  tha  principal  aiaa 


1''30')  -  +2.49.0 
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The  position  of  the  neutral  axis  is  shown  on  Fig.  127. .  It  will  be  found  that  fiber  C  is  most  remote  from  the  neu- 
tral  axis,  and  is  therefore  the  fiber  of  maximum  stress  intensity. 

The  codrdinates  of  point  C  must  be  referred  to  the  principal  axes  of  the  section,  OX  and  OY,  in  substituting  in 
eq.  (2).  This  information  is  not  given  in  the  steel  handbooks.  It  can  be  obtained  by  scaling  from  a  large  scale 
drawing  of  the  section,  or  it  can  be  calculated  by  means  of  the  formulas  for  rotation  of  the  axes  of  reference  given 
for  the  conditions  shown  in  Fig.  120  of  Art.  109.  The  values  of  u  and  v  to  be  used  in  the  formulas  of  Art.  109  can 
be  found  in  the  steel  handbooks,  for  OU  and  OV  are  the  gravity  axes  of  the  section.  Then  for  uc  "  —0.41,  tc  ■■ 
-3.34,  and  ^  -  25deg.  30  min.,  we  have,  vc  -  (-3.34) (0.903)  -  (0.410) (0.431)  -  -3.18,  and,  xc  -  (-0.410) 
(0.903)  +  (3.34)  (0.431)  »  +107,  both  values  in  inches.     Calculated  and  scaled  values  were  found  to  check. 

Substituting  in  eq.  (2)  the  values  of  xc  ftnd  vc  given  above,  and  9  »  115  deg.  30  min.,  the  fiber  stress  at  C  is 

found  to  be 

_       r(2.25K-3.18)(sin  115*  80")  +   (11  75) (1.07) (cos  115*  300] 

'^^^  "  I  (11.75)(2.25).  J 

fc"  +  0.44831 

Fiber  C  is  under  tensile  stress,  as  indicated  by  the  positive  sign  of  the  result. 

In  calculating  the  tables  of  safe  loads  on  angle  sections  given  in  the  steel  handbooks,  it  is  usually  assumed 
that  the  neutral  axis  is  horisontal  for  all  planes  of  bending.  If  the  neutral  axis  be  assumed  to  be  parallel  to  the 
shorter  leg  of  the  angle  of  Fig.  127,  the  fiber  stress  at  is  found  to  be:  /c  -  Mc/I  "3.34  AT/ 10  «  0.334 M,  a  re- 
sttlt  only  about  75  %  of  the  true  stress  given  above. 

Solution  by  S-pdygon. — The  S-polygon  solution  of  the  preceding  illustrative  problem  is  shown  on  Fig.  127. 
This  polygon  is  constructed  from  data  calculated  in  Art.  110  and  shown  on  Fig.  124.  From  an  inspection  of  Fig. 
127,  it  can  be  seen  that  for  the  given  plane  of  bending,  fiber  C  has  the  least  S,  and  is  therefore  the  desired  fiber  of 
maximum  stress.     By  scale  from  Fig.  127  we  find  Sc  "  2.22  in.*     Therefore,  /^  ->  M/2.22  -  0.450Af ,  which  checks 

the  result  obtained  by  the  algebraic  method.     As  fiber  C  is  located  below  the  neutral  axis,  the  fiber  stress  is  tensile. 

The  design  of  beams  subjected  to  unsymmetrical  bending  is  greatly  simplified  by  the  use  of 
S-polygons.  Where  several  possible  loading  conditions  are  involved,  the  algebraic  calculations 
are  long  and  tedious,  while  the  semi-graphical  S-polygon  offers  a  comparatively  simple  and 
easily  understood  method  of  solution. 

In  designing  by  the  S-polygon  method,  the  process  consists  in  comparing  graphically  the 
flexural  modulus  required  for  any  plane  of  bending  with  that  furnished  by  the  assumed  section. 
From  eq.  (4),  Art.  107,  S  ==  M/f.  Having  given  the  bending  moment  to  be  carried  and  the 
allowable  working  stress,  the  required  flexural  modulus  is  readily  detei  mined. 

The  required  S  is  plotted  to  scale  on  a  set  of  co5rdinate  axes  placed  in  the  proper  position 
in  space.  The  S-polygons  of  the  trial  sections  are  then  plotted  to  scale  on  the  same  set  of  axes. 
In  order  to  answer  the  requirements  of  the  design,  the  S  furnished  by  the  trial  section  must  be 
equal  to,  or  greater  than,  the  required  value. 

Illustrative  Problem. — Design  a  wooden  beam  set  with  its 
faces  at  an  angle  of  30  deg.  with  the  vertical,  and  subjected  to 
an  unsymmetrical  bending  moment  acting  in  a  vertical  plane. 
The  span  of  the  beam  is  12  ft.,  and  the  allowable  working  stress 
in  the  timber  is  1000  lb.  per  sq.  in.  Determine  the  beam  section 
required  to  suppoit  a  net  uniform  load  of  300  lb.  per  ft. 

As  the  weight  of  the  beam  section  is  not  known  to  begin  with, 
it  will  be  assumed  to  be  25  lb.  per  ft.  The  total  load  to  be  car- 
ried is  then  325  lb.  per  ft. ;  the  bending  moment  in  a  vertical 
plane  is  Af  -  Hv>l*  -  H(325)(12)«(12)  -  70.200  in.4b.;  and  the 
required  flexural  modulus  is  5  -  M/f  -  70,200/1000  -  70.2  in. 
This  is  shown  to  scale  in  the  proper  position  in  Fig.  128. 

From  the  8-polygon  of  a  rectangle  shown  in  Fig.  121,  Art. 
1 10,  it  can  be  seen  that  for  bending  at  an  angle  of  60  deg.  with 
the  axis  OX,  fibers  A  and  C  have  values  of  S  which  are  equal  and 
smaller  than  those  for  D  and  B.  It  is  evident,  then,  that  it  is 
necessary  to  draw  only  the  S-line  for  point  A  in  order  to  deter- 
mine the  proper  section. 

In  Fig.  128  the  S-lines  for  several  rectangular  sections  are 
shown.     The  6  X  10-in.  section  is  too  small,  for  the  S  furnished 

by  the  section  is  not  equal  to  that  required  by  the  moment.     The  6  X  12-in.  section  is  a  little  too  large,  but  as 

beams  usually  come  in  even  inch  sizes,  it  will  be  adopted. 

Before  this  section  is  finally  adopted,  the  assumed  weight  must  be  checked  up.     At  4  lb.  per  ft.  board  measure, 

a  6  X  12-in.  section  will  weigh  (12  X  Ks)4  «  24  lb.  per  ft.     As  the  weight  assumed  in  the  calculations  was  25  lb. 

per  ft.,  a  revision  is  not  necessary. 

In  Sect.  2,  Art.  64,  there  is  given  the  design  of  a  roof  purlin  for  several  combinations  of  dead, 
snow,  and  wind  load.     The  solution  is  based  on  the  principles  used  in  the  above  problem. 


^    ffWfntnf 
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112.  Investigatioii  of  Beams. — An  important  problem  in  the  investigation  of  the  relative 
value  of  the  various  roiled  sections  when  used  as  beams  is  their  moment  carrying  capacity. 
By  means  of  the  3-poiygons  of  the  sections,  a  direct  comparison  can  be  made.  Thus,  if  it  be 
required  to  determine  the  relative  moment  carrying  capacity  of  an  I-beam  and  a  channel  of  the 
same  depth,  and  weight  per  foot — as  for  example,  a  10-in.  25-lb.  I-beam — ^we  can  refer  to  the 
S-polygons'  for  these  sections.  Fig.  122  gives  the  S-polygon  for  a  10-in.  25-lb.  I-beam,  and  Fig. 
123  gives  the  S-polygon  for  a  10-in.  25-lb.  channel. 

These  polygons  are  drawn  to  the  same  scale  so  that  the  relative  strength  of  the  two  sections 
is  proportional  to  their  sizes.  It  can  be  seen  at  once  that  the  advantage  is  in  favor  of  the  I- 
beam  section.     In  the  same  way,  any  sections  can  be  compared  by  this  method. 

Another  problem  of  considerable  importance  is  the  deteimination  of  the  planes  of  greatest 
and  least  strength  for  any  given  section.  In  this  way  it  is  possible  to  place  a  section  in  such 
a  position  that  its  plane  of  greatest  resisting  moment  coincides  with  the  plane  of  the  bending 
moment,  and  the  section  is  used  to  its  greatest  advantage.  It  is  also  possible  to  avoid  loading 
a  beam  in  the  plane  of  its  least  resisting  moment. 

From  eq.  (4)  of  Art.  107,  it  can  be  seen  that  the  fiber  stress  varies  inversely  as  the  value  of 
S,  Therefore  the  plane  of  greatest  strength  is  the  one  with  the  largest  Sy  and  the  plane  of  least 
strength  is  the  one  with  the  smallest  S.  The  values  are  measured  as  shown  by  the  vector  OE 
of  Fig.  119. 

The  plane  of  greatest  strength  in  bending  of  the  rectangle,  I-beam,  and  channel  sections, 
as  shown  by  their  S-polygons,  (see  Figs.  121,  122,  and  123)  is  in  the  plane  of  the  OY  axis.  By 
an  inspection  of  the  S-polygons,  it  can  be  seen  that  the  plane  of  least  strength  is  perpendicular 
to  the  S-lines,  for  on  these  planes  the  values  of  S  are  a  minimum.  There  will  be  foiu*  such 
planes  for  the  rectangle  and  I-beam  sections,  one  for  each  S-line.  For  the  channel  section 
there  two  planes  of  least  strength,  one  perpendicular  to  the  S-line  a,  and  another  perpendicular 
to  S-line  h. 

The  angles  which  these  planes  make  with  the  axis  OX  can  be  determined  from  a  large  scale 
drawing  of  the  section  by  means  of  a  protractor.  The  angles  can  also  be  determined  by  means 
of  a  proposition  of  Anal3rtical  Geometry  which  states  that  when  a  line  is  perpendicular  to  a  given 
line,  the  slope  of  the  perpendicular  is  the  negative  reciprocal  of  that  of  the  given  line.  Thus 
from  the  equation  of  the  S-line  for  fiber  A,  as  given  by  eq.  (6),  Art.  108,  the  slope  of  the  perpen- 
dicular is  +  7*  — •    For  the  rectangle  of  Fig.  121,  we  find  from  the  data  given  in  Art.  110  (a), 

that  the  angle  between  the  OX  axis  and  the  plane  of  least  strength,  as  determined  from  the  above 

equation,  is 

8        6 
tan  of  slope  =  +  -—  X  -  =»    +0.167,  or  slope  angle  =  9deg.  30  min. 

^Oo         1 

This  plane  is  shown  in  position  on  Fig.  121. 

The  determination  of  the  planes  of  greatest  and  least  strength  of  the  angle  section,  for  which 
the  S-polygon  is  shown  in  Fig.  124,  is  not  as  simple  a  matter  as  for  sections  of  rectangular  form 
due  to  the  unsymmetrical  form  of  the  S-polygon.  From  an  inspection  of  the  S-polygon  of  Fig. 
124,  it  is  evident  that  the  angle  section  has  its  greatest  strength  as  a  beam  for  the  plane  of  loading 
for  which  the  fiber  sti esses,  and  hence  the  values  of  /S,  for  fibers  A  and  D  are  equal.  This  plane 
can  be  located  by  trial  by  means  of  a  straight  edge  and  a  pair  of  dividers.  It  can  also  be  located 
by  means  of  eq.  (6)  of  Art.  107.  If  values  of  <5,  as  given  by  eq.  (5)  for  fibers  A  and  D,  be 
equated  and  the  resulting  expression  be  solved  for  9,  the  result  will  be  the  desired  plane  of  great- 
est strength.    Performing  the  operation  indicated  above,  we  have 

tan  (?  =  -  ^  .  5^-±^ 

For  the  angle  section  whose  S-polygon  is  shown  in  Fig.  124,  xa  =  +1.61,  yA  "  +2.60;  o^d  = 
+0.59,  jto  —  —3.40;  /,  =  11.75,  and  /„  =  2.25.     From  the  above  equation 

.       .  _       11.75    1.61  +0.59        ...  ^. 
^"^  ^  "  "  2T25  '2.60-3.40  *  +1^  **^» 
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or,  ^  —  86  deg.  5  min.  This  plane  of  loading  is  shown  in  position  on  Fig.  124.  The  plane  of 
least  strength  is  determined  by  methods  similar  to  those  used  for  the  rectangle.  It  is  shown 
on  Fig.  124. 

In  the  above  discussion  the  planes  of  greatest  strength  have  been  located  and  are  shown 
in  position  on  a  few  of  the  sections  in  general  use  as  beams.  ,  To  secure  the  best  results,  it  is 
evident  that  the  section  should  be  so  placed  that  the  plane  of  bending  and  the  plane  of  greatest 
strength  coincide.  It  is  not  possible,  however,  to  realize  these  ideal  conditions  in  all  cases. 
This  is  due  to  the  fact  that  the  methods  of  attaching  the  beam  section  to  its  supports  determines 
the  position  of  the  beam.  Thus  beams  supported  on  a  sloping  surface  must  usually  be  set  ¥rith 
their  faces  perpendicular  to  the  supporting  surface.  In  Sect.  3,  Art.  127,  details  of  purlin  con- 
nections are  shown  which  bring  out  this  point. 

When  an  angle  section  is  used  as  a  beam,  it  should  be 
placed  as  shown  in  Fig.  129(a),  for  as  shown  by  the  3-polygon, 
^^^55SI?^— -A^^^^  this  position  is  very  close  to  its  position  for  greatest  strength  for 

^2!_  bending  in  a  plane  which  is  vertical  or  nearly  so.     At  the  same 

HoriicnAaf-  time,  attachment  to  the  supporting  structure  is  readily  made. 

-  Z-bars  are  seldom  used  as  beam  sections,  as  it  is  difficult 

to  obtain  them  except  in  large  quantities.  From  the  S-polygon 
for  this  section,  Fig.  125(a),  it  can  be  seen  that  for  the  position  shown  in  Fig.  129(6),  the  section 
is  advantageously  placed  for  bending  in  a  vertical  plane. 

The  T-bar,  as  shown  by  its  S-polygon,  Fig.  125(6),  does  not  form  an  ideal  beam  section, 
due  to  the  fact  that  the  fiber  stresses  on  the  extreme  fiber  of  the  stem  are  much  greater  than 
those  on  the  flange.  In  any  case  it  is  desirable  that  the  section  be  placed  with  the  stem  down. 
The  upper,  and  wider  face,  is  then  in  compression,  which  increases  the  lateral  stiffness  of  the 
section. 

In  some  types  of  roof  covering,  T-bars  closely  spaced,  are  used  to  support  tile  or  short 
span  slabs  carried  directly  on  the  T-bars.  The  stem  of  the  T  is  placed  up,  the  bottom  flange 
forming  a  support  for  the  title.  From  the  discussion  given  above,  it  can  be  seen  that  the  T-bar 
is  not  well  placed  in  this  type  of  construction,  for  the  narrow  stem  of  the  T  is  in  compression, 
and  is  liable  to  fail  due  to  insufficient  lateral  support,  unless  low  working  stresses  are  maintained. 
The  material  is  then  not  used  to  as  great  advantage  as  in  the  other  sections  considered. 

113*  Tables  of  Fiber  Stress  Coefficients  for  Beams. — The  variety  of  conditions  encountered 
in  problems  in  unsymmetrical  bending  renders  it  impractical  to  attempt  any  very  extensive 
tabulation  of  fiber  stresses  in  beams.  Each  case  must  be  worked  out  by  means  of  the  general 
equations  or  the  S-polygon  methods  given  in  the  preceding  articles.  Where  S-polygon  methods 
are  to  be  used  to  any  great  extent,  it  will  save  time  if  the  S-polygons  of  standard  sections  be 
plotted  on  tracing  cloth,  or  some  transparent  material.  The  required  S  can  be  plotted  on  a 
sheet  of  paper,  as  explained  in  the  illustrative  problem,  p.  88.  By  laying  the  plotted  S- 
polygons  over  the  required  /S,  and  shifting  to  different  sections,  the  desired  section  can  readily 
be  determined. 

There  is,  however,  one  very  important  and  frequently  encountered  condition  of  unsym- 
metrical loading  for  which  tabulations  of  fiber  stress  can  be  made.  The  case  referred  to  is  that 
of  loading  in  a  vertical  plane  on  sections  inclined  at  an  angle  to  the  vertical. 

Table  1  gives  coefficients  for  I-beams;  Table  2  gives  values  for  channels;  and  Table  3 
gives  values  for  angles.  The  fiber  stress  in  any  case  is  obtained  by  multiplying  the  moment, 
3f ,  by  the  coefficient  given  in  the  tables.  The  sketch  shows  the  conditions  for  which  the  values 
are  given.  These  tables  were  taken  from  articles  by  R.  Fleming,  which  appeared  in  the  Enq. 
Recy  March  3,  1917,  and  in  the  Eng,  New9-Rec,y  Feb.  27,  1919. 
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Table  1. — Fiber  Stress  Coefficients,  Bending  Mokent  Dub  to 

Vertical  Loading  on  I-beams 


Pitch  of  roof  in  inches  per  foot 

I-beam 
section 

0 

1 

2 

3 

4 

5 

6 

7 

8 

6-in.  12K-lb. 

0.138 

0  212 

0.284 

0.352 

0.415 

0.473 

0.526 

0.573 

0.614 

7-in.  16    -lb. 

0.097 

0.153 

0.208 

0.260 

0.308 

0.353 

0.393 

0.430 

0.461 

8-in.  18    -lb. 

0.070 

0.114 

0.157 

0.196 

0.234 

0.208 

0.300 

0.328 

0.352 

9-in.  21     -lb. 

0.053 

0.088 

0.121 

0.153 

0.183 

0.210 

0.235 

0.257 

0.277 

10-in.  25     -lb. 

0.041 

0.069 

0.096 

0.122 

0.146 

0.108 

0.188 

0.206 

0.222 

12-in.  31H-Ib. 

0.028 

0.050 

0.071 

0.091 

0.110 

0.127 

0.143 

0.157 

0.170 

Yerffca/ 
hacfinsf 


Table  2. — Fiber  Stress  Coefficients,  Bending  Momei^t  Dub  to 

Vertical  Loading  on  Channels 


Pitch  of  roof  in  inches  per  foot 

Channel 
section 

0 

1 

2 

3 

4 

5 

6 

7 

8 

6-in.    8    -lb. 

0.231 

0.396 

0.557 

0.709 

0.851 

0.982 

1.101 

1.207 

1.301 

7-in.    9K-lb. 

0.166 

0  296 

0.422 

0  542 

0.655 

0.758 

0.852 

0.935 

1.010 

8-in.  ll>i-lb. 

0  124 

0  228 

0.330 

0.427 

0.517 

0.600 

0.676 

0.743 

0.804 

9-in.  13K-lb. 

0  095 

0.180 

0.263 

0.342 

0.415 

0.483 

0  545 

0.600 

0.650 

10-in.  15    -lb. 

0.075 

0.145 

0.214 

0  279 

0.340 

0.397 

0.448 

0.494 

0  535 

12-in.  20H-Ib. 

0.047 

0.094 

0.141 

0.184 

0.225 

0.263 

0.298 

0.329 

0.357 
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Table  3. — Fiber  Stbebs  Coepficients,  Beni>' 

iNO  Moment  Due  to  Verticai.  IiOadino 

ON  Anoleb 


AqiI.  »oti™ 

Pitch  of  roof  ID  inch 

»|>.r[« 

0 

' 

3 

3 

* 

s 

S 

7 

8 

»i  X  a      XJi-in..- 

3.4« 

3.30 

3.11 

2  88 

a. as 

2  46 

a. 30 

2.14 

2  01 

2Wxa    xM.-i-- 

1.78 

3      XaMX«-in,.,. 

2  33 

2  sa 

2  10 

1.08 

I  90 

1.40 

1  38 

3      X  ZM  X  Hi-in.,., 

1.89 

1  83 

1.73 

l.fl3 

51 

1.24 

1   IS 

3H  x-aMXH-i"-. 

i.ee 

1.49 

3HX2HXK.-in   .. 

1.47 

1  38 

1,31 

I  aa 

096 

0.8B 

0,B3 

*       X3      XH.-i»... 

I  M 

1  00 

0.94 

0.88 

81 

75 

0.89 

0.66 

066 

4       X3      XH-in... 

5      X  SH  X  K.-in... 

0.68 

0  05 

0.61 

0  M 

0  47 

0.43 

0,41 

0  48 

5      X3H  XH-in.-. 

0.S7 

0.83 

0  48 

0 

0.40 

0.37 

0  3S 

0,41 

6      X*      XH-in.... 

0,36 

9      X4       XH.-in.... 

0.3S 

033 

0.31 

0  28 

" 

as 

0.23 

0  22 

0.23 

0.28 

tU.  Variation  In  Fib«r  Stress  Due  to  Changes  in  Position  of  the  Plane  of  Beading- — 

The  S-polygon  shows  in  a.  striking  m&nner  that  etnall  changes  in  the  position  of  the  plaue  of 

losding  cause  relatively  large  changes  in  the  fiber  stress  on  a  given 

Y  point  in  the  section.     This  vari&tion  in  position  of  the  plane  of  loading 

may  be  due  to  a  variety  of  causes.     The  deflection  of  the  beam  under 

loading  may  tend  to  twist  the  section  about  its  longitudinal  axis,  thus 

changing  the  position  of  the  plane  of  beading  from  that  assumed  in  the 

design.     In  the  case  of  wooden  beams,  warping  of  the  timber  may  have 

a  similar  effect.     To  counteract  these  effects,  the  beam  should  be  held 

rigidly  in  line  by  some  form  of  lateral  support.     Bridging  in  wooden 

I  floor  constcuction  is  one  method  of  providing  this  lateral  support. 

The  effect  of  a  small  chai^  in  the  position  of  the  plane  of  loading 

;  will  now  be  shown  graphically  by  means  of  an  S-polygon.     Fig.  130 

shows  the  S-polygon  of  a  10-in,  25-lb,  I-beam,  data  for  which  are 

given  in  Art.  110(6).     A  comparison  will  be  made  of  fiber  stresses  for 

bending  in  the  plane   of   the  OY  axis,   and  for  bending  in  another 

plane  1  deg.  away  from  the  first  plane;  that  is,  for  0  —  90  deg.  and 

89  deg.  respectively.     By  scale  from  Fig.  130,  we  have  Si  =  24.4 

in',  for  9  =  90  deg.,  and  Si  =  21.3  in*.  fAr  9  =  8ft  deg.     The  reeult- 

1^  ing  fiber  stresses  are;  f,  -  0.04099  M,  and  /,  =  0.0479fi  M.     These 

values  differ  by  14.6%  of  /i.     Values  of  S  are  also  indicated  for 

bending  planes  at  5  and  6  deg.  from  the  axis  OY.     At  this  place  the 

stresses  differ  by  about  7.5%. 

It  can  be  seen  by  comparing  the  calculated  values  given  above,  and  also  by  inspection 

from  Fig.  130,  that  this  percentage  is  a  maximum  for  planes  of  loading  near  the  OY  axis. 

In  narrow  deep  sections,  the  fiber  stress  increase  is  large  for  a  relatively  small  change  in  the 
direction  of  the  plane  of  loading.  To  avoid  this  effect,  beam  sections  should  be  chosen  from 
rolled  shapes  or  rectangular  sections  which  have  considerable  lateral  rigidity.  If  narrow  sec- 
tions must  be  used,  they  should  be  thoroughly  braced  to  prevent  overturning. 

It  is  also  interesting  to  note  the  change  in  position  of  the  neutral  axis  due  to  changes  in  the 
plane  of  bending.     This  effect  is  best  studied  by  means  of  eq.  (1),  Art,  106.     For  the  beam  sec- 
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tion  considered  above,  suppose,  as  before,  that  the  plane  of  bending  is  1  deg.  from  the  axb  07,  or 
^  =  89  deg.  in  eq.  (1).     Then 

.A/fN     ♦       .,       (  -  122.1)(0.01746) 
=  —  \lx/Iy)  cotan.  e  =«  


tan 


6.9 


tan  a  =  -0.309,  or,  a  =»  180*  -  17*  10' 
It  will  be  noted  that  a  1  deg.  change  in  the  position  of  the  plane  of  bending  causes  a  17-deg. 
change  in  the  position  of  the  neutral  axis. 

Table  4  gives  the  percentage  change  in  fiber  stress  and  the  corresponding  change  in  the 
position  of  the  neutral  axis  due  to  a  1-deg.  change  in  the  direction  of  the  plane  of  bending  from 
the  O  Faxis  of  standard  I-beam  and  channel  sections.  These  values  were  calculated  by  the  meth- 
ods given  above. 

Tablb  4. — Percentage  Incksasb  in  FIbbr  Stress  and  Chanqb 

IN  Position  op  Neutral  Axis  for  a  One-Deoree  Change 

IN  Direction  ob  Plane  of  Bending. 


Change  in 

/« 

Increase  in 

slope  of  neu- 

Section 

U 

fiber  stress 

tral  axis 

(per  cent.) 

a 

(degrees) 

20-in.  65-Ib.  I-beam 

41.8 

22.8 

36*  10' 

IS-in.  fiMb.  I-beam 

37.5 

21  8. 

33**  15' 

15-in.  42-lb.  I-beam 

30.2 

19.3 

27*>50' 

12-m.  31H-lb.  I-beam 

22.7 

16.5 

21*' 35' 

10-in.  26-lb.  I-beam 

17.7 

14  4 

ir  10' 

0-ia.  21-lb.  I-beam 

16.4 

13.8 

16*  0* 

S-in.  18-lb.  I-beam 

15.0 

13.1 

14*40' 

7-in.  I6-lb.  I-beam 

13.5 

12.3 

13*20' 

6-in.  12K-lb.  I-beam , 

11.8 

11.5 

11*40* 

15-iii.  33-lb.  channd 

38.1 

23.2 

33*40' 

12-iii.  20M-lb.  channel 

.32  8 

21.4 

29*50' 

lO-in.  15-lb.  channel 

29.1 

19.9 

2r  0* 

9-in.  18^-lb.  channel 

26.3 

18.5 

24*  40* 

S-in.  lll^-lb.  channel 

24  8 

18  2 

22*  55' 

7-in.    9^-lb.  channel 

.21  6 

16.5 

20*35' 

6-in.    S-lb.  channel 

18.6 

15.2 

18*0' 

116.  Deflectioii  of  Beams  Under  Unssrmmetrical  Bending. — The  amount  and  direction 
of  the  deflection  of  a  beam  subjected  to  unsymmetrical  bending  is  often  desired.  To  determine 
the  desired  deflection,  the  bending  moment  can  be  resolved  into  its  components  parallel  to  the 
principal  axes  of  the  section  and  the  deflection  determined  for  these  component  moments  by 
means  of  the  usual  formulas  for  the  case  in  question.  The  required  resultant  deflection  is  equal 
to  the  vector  sum  of  the  component  deflections. 

Suppose  the  rectangular  section  of  Fig.  131  is  subjected  to  bending  in  a  plane  at  an  angle 
B  to  axis  OX  due  to  a  uniform  load  of  w  lb.  per  foot.  Required  the  amount  and  direction  of 
the  resulting  deflection. 

As  the  components  of  moment  parallel  to  the  axes  OX  and  OY  are  proportional  to  the  com- 
ponents of  the  applied  load  for  these  same  axes,  the  deflection  parallel  to  the  axes  can  be  written 

from  the  deflection  formula  for  uniform  loading,  w|iich  is,  d  =  ^84  ^  (see  Art.  66).     For 

the  component  of  load  parallel  to  the  OX  axis,  we  have  from  the  above  formula 

A    —  _^   ?i   tg  cos  9 

^'  "  384'^*      /, 
and  for  the  load  parallel  to  the  OY  axis,  we  have 

,  6     Z*    w  sin  g 

where  da  and  dg  are  the  components  of  deflection  for  the  OX  and  OY  axes  respectively. 
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The  vector  si 

d  =  {d.'  +  d,»)H 
where  d  is  the  desired  deflection.    Substituting  the  above  values  of  d,  and  d,,  we  have 

,        5     u.fV/.'cos'g  +  Vsin'g\H  ,,„, 

'''m-E  [        i.'i.' — ;  "^' 

From  Fig.  131(a)  the  angle  which  the  resultant  deflcctiou  makes  with  axis  OX  is 

tan  jS  =  J   -  y  tan  9  (17) 

As  this  expression  is  the  negative  reciprocal  of  that  given  in  eq.  (1),  Art.  I06j  it  can  be  seen  that 

the  direction  of  deflection  is  perpendicular  to  the  neutral  axia  for  the  given  plane  of  bending. 

If  the  loading  conditions  differ  from  those  assumed  in  the  above  analysis,  it  is  only  neces- 


sary to  change  the  value  of  the  constant  %%^ 


f  eq.  (10)  to  meet  the  required  conditions. 


a/ 


^^: 


^ 


The  amount  and  direction  of  deflection  can  also  be  determined  by  graphical  methods  which 
are  baaed  on  certain  properties  of  the  ellipse-     Kq.  (16)  can  be  written  in  the  form 

This  value  of  D  can  be  shown  to  be  the  equation  ot  an  ellipse  with  major  and  minor  axes  /,  and 
/,.  Fig.  131(b)  shows  the  D-ellipae  for  a  rectangular  section.  The  vector  D,  measured  as 
shown  in  Fig.  131(b),  gives  the  denominator  of  the  above  equation  for  loading  on  the  given 
plane. 

As  stated  above,  the  direction  ot  deflection  is  perpendicular  to  the  neutral  axis.  The 
neutral  axis  can  be  located  by  means  of  the  inertia  ellipse  of  the  section.  A  complete  discussion 
ot  the  inertia  ellipse  will  be  found  in  advanced  works  on  Mechanics,  to  which  the  reader  is 
referred. 

Fig.  131(e)  shows  the  inertia  ellipse  for  a  rectangular  section.  It  is  constructed  with  major 
and  minor  axes  equal  to  the  radii  of  gyration  ot  the  section  for  the  axes  OX  and  OY.  To 
locate  the  neutral  axis,  draw  through  point  0  a  line  parallel  to  the  plane  of  bending.  Draw 
a-a,  any  chord  of  the  ellipse  parallel  to  the  plane  of  bending.  Bisect  this  chord,  and  through 
its  center  point  draw  a  line  n-n  which  passes  through  the  point  0.  This  hne  is  parallel  to  the 
direction  of  the  neutral  axis  for  the  given  direction  of  bending.  This  construction  is  based  on 
the  fact  that  eq.  (1)  expresses  the  relation  which  exists  between  the  conjugate  diameters  of 
an  ellipse. 

A  line  perpendicular  to  n-n  gives  the  direction  ot  the  desired  deflection,  as  shown  in  Fig. 
131(c). 
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DESIGNING  AND  DETAILING  OF  STRUCTURAL  MEMBERS  AND 

CONNECTIONS 


STEEL  SHAPES  AND  PROPERTIES  OF  SECTIONS 

By  Walter  W.  Clifford 

1.  Steel  Shapes. — The  steel  used  in  structures  is  in  the  form  of  single  pieces,  or  combinations 
of  two  or  more  pieces,  to  which  the  general  term  shapes  is  applied.  The  procedure  in  the  manu- 
facture of  these  shapes  consists  of  the  following  operations:  (1)  smelting  iroaore  and  producing 
pig  iron;  (2)  converting  the  pig  iron  into  rectangular  prisms  of  steel,  called  ingots;  and  (3)  rolling 
the  ingots  to  the  desired  shapes.  The  shapes  used  in  building  construction  are:  square  and 
round  rods  or  bars,  flat  bars  or  flatSj  plates,  angles,  channels,  I-beams,  H-sections,  zees  and  tees. 
Flat  members  6  to  7  in.  wide  and  less  are  usually  designated  as  bars  or  flats;  over  6  to  7  in.  wide 
are  designated  as  plates.  Zees  and  tees  are  not  now  used  to  any  great  extent.  Zees  have 
been  used  extensively  for  columns  but  are  rapidly  becoming  obsolete.  H-sections  are  designed 
for  use  as  columns. 

The  process  of  rolling  I-beams,  channels,  angles,  etc.,  is  in  general  as  follows:  The  ingots 
are  heated  to  a  high  temperature  in  a  furnace,  called  the  soaking  pit^  and  then  are  taken  out  and 
passed  several  times  through  a  set  of  rolls,  called  blooming  roUs.  These  rolls  give  to  a  piece  only 
the  general  shape  (rectangular,  flat,  or  square)  of  the  finished  product.  The  next  step  is  to 
pass  the  steel  through  the  roughing  roUs,  and  then  the  piece  is  passed  to  the 
finishing  rolls  where  the  final  shaping  takes  place.  The  pieces,  still  very  hot, 
are  then  passed  on  by  movable  tables  to  circular  saws  where  they  aie  cut  into 
required  lengths. 

The  method  of  increasing  sectional  area  of  standard  shapes  is  shown 
in  Fig.  1.  For  example,  suppose  it  is  desired  to  roll  channels  or  I-beams 
having  the  same  depth,  but  different  thicknesses  of  web.  These  sections  are 
always  rolled  horizontally  and  the  increase  in  thickness  of  web  is  accomplished  by  changing  the 
distance  between  the  rolls,  the  effect  being  to  change  the  width  of  flange  as  well.  Thus,  two 
beams  with  the  same  height  but  different  weights  differ  simply  by  a  rectangle  as  shown.  It 
will  be  seen,  also,  that  for  an  angle  with  certain  size  of  legs  the  effect  of  increasing  weight  is  to 
change  slightly  the  length  of  legs,  and  to  increase  the  thickness. 

Bethlehem  beam,  girder  and  H-sections  are  shaped  by  four  rolls  instead  of  the  two 
grooved  rolls  used  for  manufacturers'  standard  shapes.  The  use  of  so  many  rolls  makes  pos- 
sible a  variation  of  height  as  well  as  width,  and  both  are  increased  with  additional  weight  in 
H-sections. 

Plates  when  rolled  to  exact  width,  the  width  being  controlled  by  a  pair  of  vertical  rolls, 
are  known  as  universal  mill  or  edged  plates.  Plates  rolled  without  the  width  being  conti  oiled 
have  uneven  edges  and  must  be  sheared  to  the  correct  width.  Such  plates  are  known  as  sheared 
plates. 

The  properties  of  the  standard  shapes  manufactured  by  the  different  steel  companies  are 
the  same.  The  standard  shapes  of  the  Assoc,  of  Am.  Steel  Mfrs.,  are  rolled  by  all  mills,  but 
each  company  also  has  its  own  list  of  special  shapes.  These  special  shapes,  which  are  different 
for  ^e  different  mills,  are  not  as  likely  to  be  in  stock  as  the  standard  shapes. 

Standard  I-beams  are  rolled  in  depths  from  3  to  24  in.  and  standard  channels  from  3  to  15 
in.    The  different  depths  of  standard  I-beams  are:  3  to  10  in.  consecutively,  then  12  in.,  15  in., 
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18  in.,  20  in.,  and  24  in.     For  channels,  3  to  10  in.  consecutively,  then  12  in.  and  15  in.     For 
each  depth  of  I-beam  and  channel  there  are  several  standard  weights. 

Minimum  sizes  of  steel  shapes  are  more  likely  to  be  found  in  stock  and  are  the  most  effi- 
cient for  resisting  bending  considering  the  weight  of  material  used.  The  rolls  are  made  espe- 
cially for  these  sections  and  the  heavier  sections  for  a  given  depth  of  beam  are  obtained  by 
spreading  the  rolls  as  explained  above. 

I-beams  and  channels,  15  in.  and  under,  and  angles  6  in.  and  under,  take  the  base  price. 
Heavier  sections  are  charged  for  at  a  higher  rate,  usually  10  c.  per  100  lb.,  above  base  price. 

2.  Properties  of  Sections. — The  fundamental  properties  of  sections  may  be  said  to  be: 
sectional  dimensions,  location  of  the  center  of  gravity,  and  the  moments  of  inertia  about  the 
various  axes.  The  distance  from  the  center  of  gravity  to  the  most  stressed  fiber  c;  the  section 
modulus  8;  and  the  radius  of  gyration  r,  follow  from  these. 

The  method  of  finding  the  center  of  gravity  is  explained  in  Sect.  1,  Art.  44.  The  derivation 
and  use  of  /  and  S  are  explained  in  the  chapter  on  "Simple  and  Cantilever  Beams''  in  Sect.  1. 
The  use  of  r  is  considered  in  the  chapter  on  "Columns"  in  Sect.  1. 

To  facilitate  the  work  of  the  designer,  certain  so-called  propertiea  of  steel  sections  are  pub- 
lished. The  facility  with  which  a  designer  can  find  and  use  these  properties,  which  are  given 
in  manufacturers'  handbooks  and  elsewhere,  has  much  to  do  with  the  amount  of  work  which  he 
can  accomplish. 

It  is  not  intended  to  include  in  this  handbook  steel  tables  similar  to  those  which  are  avail- 
able in  the  steel  manufacturers'  handbooks  or  in  Ketchum's  "Structural  Engineers'  Handbook." 
Articles  which  follow,  however,  give  the  necessary  general  information  concerning  such  tables 
and  their  use. 

2a.  Properties  of  Wood  Sections. — Wood  sections  are  conmionly  rectangular 
and  therefore  easily  designed  by  the  fundamental  formulas.  It  should  be  remembered,  how- 
ever, that  the  actual  sizes  of  dressed  lumber  are  not  the  nominal  sizes.  This  handbook  gives 
all  the  tables  commonly  needed  for  the  structural  design  of  wooden  members,  but  tables 
are  also  published  by  various  lumber  associations.  The  "Southern  Pine  Manual"*  contains 
excellent  tables.  This  manual  gives  /  and  S  for  various  sections;  tables  of  allowable  uniform 
loads  for  plank  and  beams,  considering  moment,  shear,  and  deflection;  and  tables  of  column 
loads.  In  addition  there  are  tables  of  allowable  loads  for  trussed  beams  and  much  miscel- 
laneous information  about  yellow  pine. 

26.  Piopeities  of  Steel  Sections — Beams, — The  steel  manufacturers'  handbooks 
give  very  complete  tables  of  properties  of  steel  sections.  Uniformly  loaded  I-beams,  channels, 
and  angles  should  be  selected  from  the  tables  of  safe  or  allowable  uniform  loads.  These  tables 
can  also  be  adapted  for  other  loadings,  such  as  for  a  load  concentrated  at  the  center,  in  which 
case  a  beam  should  be  selected  which  will  carry  twice  the  load,  uniformly  distributed.  For  a 
number  of  load  concentrations,  approximately  equal  in  amount  and  spacing,  the  load  may  be 
considered  as  uniform. 

For  irregular  loadings  on  I-beams  and  channels  the  moment  and  shear  should  be  computed 
and  the  tables  used  which  give  the  allowable  resisting  moment  and  shear  of  the  various  shapes. 
If  desired,  however,  the  beams  may  be  designed  by  computing  the  section  modulus  and  select- 
ing the  proper  size  of  beam  from  the  tables  of  properties.  Angles,  tees  and  other  miscellaneous 
shapes  used  as  beams  must  usually  be  designed  by  use  of  the  section  modulus,  as  few  tables  of 
safe  loads  or  resisting  moments  and  shears  are  given  for  these  shapes. 

Bethlehem  beams  and  girders  differ  from  the  manufacturers'  standard  sections  rolled  by 
other  manufacturers.  The  beams  have  heavier  flanges,  and,  where  moment  is  the  consideration, 
they  are  lighter  for  the  same  strength  than  other  sections.  Their  webs  are  lighter  than  in 
standard  sections.  Bethlehem  girder  sections  are,  for  their  depths,  the  strongest  sections  rolled. 
They  have  nearly  twice  the  carrying  capacity  of  the  manufacturers'  standard  section  for  the 
same  depth,  but  they  are  uneconomical  where  there  is  room  for  a  deeper  section.  Tables  of 
uniform  loads  for  Bethlehem  sections  are  given  in  Bethlehem  Handbook.  The  common  prop- 
erties are  also  given. 

*  Southern  Pine  Aflaooiation,  New  Orleans,  La. 
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Built-up  steel  beam  properties  usually  have  to  be  computed  with  the  properties  of  the 
component  parts  as  a  basis.  Some  properties  of  the  more  common  plate-girder  sections  are 
given  in  the  principal  steel  handbooks. 

To  compute  the  moment  of  inertia,  /,  of  a  built-up  girder  section  about  the  neutral  axis 
of  the  net  section — ^that  is,  when  rivet  areas  on  the  tension  side  are  to  be  deducted — the  moment 
of  inertia  is  first  computed  about  an  axis  through  the  geometrici^l  center  of  the  section  and  then 
corrected  so  as  to  obtain  the  value  about  an  axis  through  the  center  of  gravity  of  the  net  section. 

In  regard  to  the  position  of  the  neutral  axis  in  a  plate  girder  section  Lewis  E.  Moore  has 
the  following  to  say  in  his  book  on  the  ''Design  of  Plate  Girders." 


Fig.  2. 


Some  authors  clium  that  the  neutral  axis  should  be  determined  by  oonsiderins  the 
net  section  on  the  tension  side  and  the  gross  section  on  the  oominvflsion  side.  The  net 
Motion  exists  only  over  a  short  proportion  of  the  length  of  the  beam  and  it  seems  very 
reasonable  that  the  neutral  axis  should  in  general  be  nearer  the  position  whieh  is  deter- 
mined by  using  the  gross  area  than  that  determined  by  using  partly  gross  and  partly  net 
areas.  It  seems  an  entirely  reasonable  assumption  that  the  axis  does  not  shift  violently 
up  and  down,  but  remains  in  substantially  the  same  vertical  position  throughout  the 
length  of  a  properly  designed  beam.    It  seems  reasonable  that  this  position  will  be 

nearer  to  the  neutral  axis  of  the  preponderating  section,  which  is  the  gross  section.  The  truth  of  the  matter  pro- 
bably is  that  the  neutral  axis  lies  somewhere  between  the  two  extreme  positions  determined  by  the  two  methods 
mentioned  above  and  probably  nearer  to  that  determined  by  using  the  gross  section. 

In  keeping  with  Mr.  Moore's  discussion  the  resisting  moment  of  a  plate  girder  is  usually 
determined  by  considering  the  neutral  axis  through  the  center  of  gravity  of  the  gross  area  and 
then  finding  the  moment  of  inertia  about  that  axis  deducting  for  the  rivet  holes  in  the  tensioi) 
flange. 

The  following  example  illustrates  the  method  of  computing  /  about  the  neutral  axis  of 
the  gross  section  by  the  rules  and  methods  given  in  Aits.  44  and  61(7,  Sect.  1.  A  girder  is 
assumed  as  shown  in  Fig.  2  with  three  ^-in.  rivets  in  the  tension  side  of  the  section. 


Part 

A 

(area) 

Dist.  c  of  Q.  of  part 

to  c.  of  Q.  of 

whole 

Ax 

Ax^ 

/ 

/  +  ilx* 

Web 

18  sq.  in. 
23  sq.  in. 
14  sq.  in. 

0                          0 

0 
6310  in.« 
4800  in.« 

583   in.< 
283  in.« 

1944  in.« 
80in.« 

1,944  in.« 
6,390  in.« 
4.800  in.« 

4  anirles.      

16.57  in. 
18.5     in. 

18.25  in. 
14.75  in. 

381  in.s 
259  in.> 

31.9  in.« 
19.3  in.« 

2  cover  plates 

Flange  rivet  holes. 

55  sq.  in. 
— 1.75  sq.  in. 
— 1.31  sq.  in. 

13.134  in.4 
866  in.« 

Web  rivet  hole 

Net  area  ■■  51.94  sq.  in. 

Not/  - 

3.06  sq.  in. 

12.268  in.« 

le'MtB 


The  allowance  made  for  a  rivet  hole  is  for  a  hole  )^  in.  more  in  diameter  than  the  diameter 

of  the  rivet — ^that  is,  J^  in.  for  a  Ji-in.  rivet.  '  The  properties  of  the 
plates  may  be  taken  from  tables  in  the  steel  handbook  or  may  be  easily 
computed.  The  area  and  /  for  the  angles  may  be  taken  directly  from 
the  handbook  (properties  of  angles).  The  x  distance  used  for  an  angle 
is  one-half  the  distance  back  to  back  of  the  angles,  less  the  distance  from 
the  back  of  the  angle  to  its  center  of  gravity.  Areas  of  rivet  holes  may 
be  taken  from  the  steel  handbook  or  from  table  on  p.  276  of  this  hand- 
book.    /  for  the  cover  plates  and  rivet  holes  is  neglected. 

The  same  general  form  of  computation  may  be  used  for  built-up 

chord  sections.     In  the  following  computations  for  radius  of  gyration,  a  chord  section  as 

shown  in  Fig.  3  is  assumed. 


Pig.  3. 
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Member 

A 

X 

(above 

bottom  of 

section) 

Ax 

Ax* 

I 

I  +  Axt 

Tod  plate 

6.0    in.« 
7.6    in.« 
4  22in.« 
8.44  in.» 

10.7    in. 
6  26  in. 
9.61  in. 
0.89  in. 

64  2in.« 

39  4in.« 

40  5in.« 
7.6in.« 

687  in.* 

207  in.* 

389  in.* 

7  in.* 

260  in.* 
4  in.* 
7  in.* 

687  in.* 

467  in.* 

393  in.* 

14  in.* 

2  web  platee 

2  too  anelee 

4  bottom  anides 

26.16  in. s 

161  6  in.« 

1551  in.* 

161.6 
20.16 
1661 


6.8  in.  distance  of  center  of  gravity  above  bottom  of  section. 
(26.16)(6.8)*  ■•  671  in.*  »  /  about  center  of  gravity  of  entire  section. 


\^ 


671 
26.16 


-  6.08  in. 


Columns. — I-beams  are  occasionally  used  as  columns.  Their  properties  will  be  found  as 
noted  under  beams.  The  only  rolled  steel  column  section  in  common  use  is  the  H-section. 
The  Carnegie  Co.  rolls  4,  5,  and  6-in,  H-sections;  and  the  Bethlehem  Co.  rolls  8,  10,  12,  and 
14-in.  H-sections  in  a  large  range  of  weights.  The  properties  of  various  built-up  columns  of 
pairs  of  channels,  both  latticed  and  with  cover  plates,  and  of  plate  and  angle  sections  are 
given  in  the  steel  handbooks.  Ketchum  also  gives  properties  of  built-up  column  sections. 
For  general  method  of  computing  /  and  r  for  compound  sections,  see  preceding  article. 

There  are  also  patent  columns  such  as  Lally  columns,^  and  cast-iron  columns  for  second-class 
construction  or  light  loads,  whose  properties  are  given  in  books  issued  by  the  manufacturers. 

Struts  and  Ties. — In  the  design  of  struts  and  ties,  it  is  found  convenient  to  have  tables  giving 
the  values  of  the  radius  of  gyration  r,  and  also  tables  giving  net  areas  deducting  rivet  holes. 
The  principal  steel  handbooks  give  values  of  r  for  pairs  of  different  angles  back  to  back,  and 
also  the  net  areas  for  angles.  It  should  be  noted  that  the  minimum  r  for  a  single  angle  is  not 
about  an  axis  parallel  to  either  leg.  This  minimum  r  is  given  in  the  tables  of  the  properties  of 
angles. 

2c.  Properties  of  Concrete  Sections. — Various  tables  and  curves  for  concrete 
design  are  published  both  in  this  handbook  and  in  Hool  and  Johnson's  "Concrete  Engineers' 
Handbook,"  also  in  "Reinforced  Concrete  Design  Tables"  by  Thomas  and  Nichols. 

2d.  Properties  of  Cast-iron  and  Miscellaneous  Sections. — The  shapes  in  which 
materials  like  cast-iron  and  masonry  are  used  are  not  standard.  There  are  therefore,  in  general, 
no  available  tables  of  properties.  Recourse  must  be  had  to  the  general  principles  previously 
given.  Sections  in  these  materials  can  ordinarily  be  divided  into  geometric  figures.  The 
properties  of  the  more  common  geometric  forms  are  to  be  found  in  the  steel  handbooks. 
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Under  this  heading  will  be  considered  only  timber  beams  and  girders  of  solid  and  uniform 
section. 

Wooden  beams  are  used  in  building  construction  generally  as  joists  or  girders  supporting 
vertical  loads  only.  Certain  exceptions  to  this  general  rule  are  cases  in  which  timbers  may  be 
employed  in  wall  framing,  as  girts  or  vertical  beams,  to  resist  the  lateral  force  of  wind. 

8.  Factors  to  be  Considered  in  Design. — The  factors  determining  the  selection  of  the  sise 
of  a  wooden  beam  are : 

(a)  The  maximum  unit  fiber  stress  in  bending  must  not  be  excessive. 

1  The  Lally  Column  Co.,  New  York  and  Chicago. 
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(b)  The  maximum  unit  stress  due  to  horizontal  shear  must  not  be  excessive. 

(c)  The  deflection  of  the  beam  under  maximum  loading  must  be  within  the  allowable  limit. 

(d)  The  depth  must  be  within  any  limits  of  space  between  floor  and  ceiling,  or  in  accor- 
dance with  any  restrictions  as  to  clear  story  height. 

(e)  The  cross-sectional  dimensions  should  be  of  a  size  easy  to  obtain. 

(J)  The  oross-sectional  dimensions  should  be  considered  as  to  requirements  of  details  of 
connection. 

(g)  One  or  both  of  the  cross-sectional  dimensions  may  be  limited  by  the  building,  as  in  frame 
or  mill  construction. 

The  fundamental  bending  formula  used  in  the  design  of  beams,  is  treated  in  the  chapter  on 
"Simple  and  Cantilever  Beams''  in  Sect.  1.  Shear  and  deflection  are  also  treated  in  the  same 
chapter. 

4.  Allowable  Unit  Stresses. — Unit  stresses  for  design  of  wooden  beams  are  usually  pre- 
scribed by  building  ordinances  for  the  various  kinds  of  timber.  These  allowable  stresses  vary 
widely  in  different  cities,  the  older  ordinances  in  general  prescribing  lower  limits  than  the  more 
recent  ones.  The  tendency  in  revising  ordinances  is  to  increase  the  allowable  unit  stresses  in 
timber,  at  least  for  timber  in  bending.  This  feature  is  due  largely  to  the  efforts  of  the  lumber 
manufacturers'  organizations  in  competition  with  the  constantly  widening  use  of  reinforced 
concrete.  At  the  same  time  these  manufacturers,  in  conjunction  with  engineering  organizations, 
are  giving  more  attention  to  the  grading  rules  and  to  furnishing  timber  of  uniform  high  quality. 
In  comparing  the  allowable  unit  stresses  found  in  various  building  ordinances  the  prescribed 
live  loading  must  also  be  taken  into  consideration.  For  example,  a  limit  of  1500  lb.  per  sq.  in. 
in  bending  with  a  60-lb.  live  load  will  give  the  same  size  beam  as  a  40-lb.  live  load  with  a  limiting 
fiber  stress  in  bending  of  1000  lb.  per  sq.  in. 

It  is  obvious  that  the  allowable  unit  stresses  are  dependent  on  the  quality  of  timber  used. 
In  this  respect  most  of  the  newer  building  ordinances  allow  higher  stresses  for  a  select  grade  of 
lumber,  whereas  older  ordinances  make  no  distinction  in  grade,  or,  more  accurately  speaking, 
they  prescribe  for  the  grade  of  timber  most  likely  to  be  used. 

6.  Kinds  of  Timber. — The  timbers  most  commonly  used  for  wooden  beams  in  building 
construction  are  long-leaf  yellow  pine  and  Douglas  fir,  the  first  being  employed  almost  exclu- 
sively throughout  the  Eastern  states,  and  the  latter  having  its  widest  use  in  the  Pacific  Coast 
states.  Less  extensively  employed,  may  be  mentioned  short-leaf  yellow  pine,  white  pine, 
Norway  pine,  spruce,  hemlock  and  redwood. 

6.  Quality  of  Timber. — The  desired  quality  of  timber  is  determined  by  specifications  or 
by  referring  to  grading  rules  established  by  the  lumber  manufacturers.  Thus,  the  timber  for 
joists  or  girders  may  be  specified  by  the  designer  to  be  Select  Structural,  Dense  Grade,  Sound 
Grade,  No.  1  Common,  or  Select  No.  1  Common.  In  the  Pacific  Coast  states,  the  two  latter 
terms  are  generally  used,  very  little  structural  timber  entering  into  a  building  being  above  No. 
1  Common.  Both  the  Southern  Pine  Association  and  the  West  Coast  Lumbermen's  Associa- 
tion have  established  a  Structural  Grade  for  long-leaf  yellow  pine  and  Douglas  fir,  and  in 
the  larger  cities  lumber  of  this  quality  can  probably  be  obtained.  In  many  cases,  however, 
the  lumber  may  be  purchased  from  the  smaller  yards,  and,  even  if  specified  as  No.  1  Common, 
may  contain  a  considerable  percentage  of  No.  2  Common,  since  it  is  a  practice  of  some  lumber 
yards  to  purchase  No.  2  Common  material  and  select  the  better  pieces  to  be  sold  as  No.  1 
Common. 

The  designer  may  not  control  the  construction  of  the  building.  If  he  does  not,  and  sus- 
pects that  his  specifications  may  not  be  followed,  he  will  be  wise  to  use  conservative  stresses. 

7.  Holes  and  Notches  for  Pipes,  Conduits,  etc. — Plumbers,  electricians,  and  gas  fitters  are 
no  respecters  of  architects  and  engineers,  and  have  no  hesitation  in  boring  a  hole  or  cutting  a 
notch  in  a  joist  or  girder.  This  fact  is  an  additional  reason  for  using  conservative  stresses  in  the 
calculation  of  joists  and  girders,  and  especially  the  former. 

8.  Horizontal  Shear, — In  deep  short  beams  the  safe  unit  stress  in  horizontal  shear  may  be 
the  determining  feature.  This  will  seldom  be  the  case  in  the  design  of  joists,  but  may  be  a 
factor  in  the  selection  of  the  proper  size  for  girders.     In  this  connection  the  effect  of  possible 
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checks  at  the  ends  of  the  beam,  in  or  near  the  hbrizontal  plane,  should  be  considered.    Such 
checks  obviously  decrease  the  section  of  beam  for  resisting  sheating  stresses. 

9.  Bearing  at  Ends  of  Beams. — Sufficient  bearing  must  be  provided  at  the  ends  of  all  beams, 
so  that,  with  the  maximum  reaction  at  the  support,  the  timber  may  not  crush  in  side  bearing. 
Most  structural  timbers  are  comparatively  weak  in  cross  bearing.  The  details  at  the  ends  of 
timber  beamis  are  often  poor,  insufficient  bearing  area  being  provided,  so  that  the  beams  could 
never  develop  their  safe  loads  as  determined  by  bending  strength.  In  general  no  beam  should 
have  a  smaller  bearing  area  than  given  by  the  product  of  the  width  of  the  beam  by  4  in.  Details 
of  end  connections  of  beams  and  girders  are  discussed  in  Arts.  122  and  123. 

10«  Deflection. — If  a  beam  has  insufficient  depth  for  its  span,  it  will  deflect  excessively. 
The  result  may  be  a  cracked  ceiling,  if  the  latter  is  plastered,  or,  in  an  unplast^red  building, 
merely  a  floor  that  shakes  when  walked  upon.  The  limit  of  deflection  of  a  timber  joist  is 
generally  placed  at  Hoo  of  the  span. 

Timber  is  different  from  the  other  building  materials,  such  as  steel  or  concrete,  in  that,  if 
loaded  excessively  with  a  constant  load,  its  deflection  will  continue  to  increase  with  no  increase 
of  load,  even  though  the  maximum  unit  stress  in  bending  be  within  the  elastic  limit  of  the  par- 
ticular timber.  For  this  reason,  many  specifications  require  that  the  modulus  of  elasticity  for 
"dead,"  or  constant,  loads  be  taken  as  one-half  the  modulus  of  elasticity  used  for  "live," 
or  occasional,  loading,  the  latter  quantity  being  the  value  determined  from  a  short-time  loading 
test.  For  example,  the  Am.  Ry.  Eng.  Assoc,  through  the  committee  on  "  Wooden  Bridges  and 
Trestles, "  recommends  "  To  compute  the  deflection  of  a  beam  under  long-continued  loading 
instead  of  that  when  the  load  is  first  applied,  only  50%  of  the  corresponding  modulus  of 
elasticity  given  in  the  table*  is  to  be  employed."  Tests  by  Tieneman*  indicate  that  a  beam 
may  be  loaded  to  within  20%  of  its  elastic  limit  without  danger  of  increase  of  deflection. 

The  recommendation  is  here  made  that  for  constant  or  "dead"  loads  the  modulus  of  elas- 
ticity be  taken  at  ^  that  given  in  the  table  in  Sect.  7,  Art.  10,  while  for  occasional  or  "live" 
loading  the  full  values  of  this  table  be  used. 

11.  Lateral  Support  for  Beams. — A  timber  beam  needs  to  be  supported  laterally  in  the 
same  manner  as  a  beam  of  steel  or  concrete.  Floor  joists  are  braced  by  the  flooring  and  also 
by  the  bridging,  while  the  girders  are  held  by  the  attachment  of  joists. 

In  the  case  of  a  beam  unsupported  laterally,  the  maximum  unit  fiber  stress  in  flexure 
should  not  exceed  the  value 


-'■(-ii) 


where  /i  =  basic  unit  flexural  fiber  stress;  I  «  span  of  beam  in  inches,  and  b  =  breadth  of  beam 
in  inches.' 

12.  Sized  and  Surfaced  Timbers. — The  fact  must  always  be  borne  in  mind  by  the  designer 
of  timber  beams  that  a  variation  from  the  nominal  size  of  timbers  is  allowed  by  all  grading  rules; 
also,  that  if  timber  beams  are  sized,  the  actual  depth  is  less  than  the  nominal  depth.  Further, 
if  timber  is  bought  from  a  local  lumber  yard,  joists  may  come  surfaced  one  side.  In  general, 
all-rail  shipments  of  timbers  are  surfaced  one  side  one  edge  (SISIE)  while  all-water  ship- 
ments are  not  surfaced.  The  actual  dimensions  of  ike  finished  stick  must  he  used  in  all  calcula^ 
tions.  Tables  1,  2,  3,  6,  7,  8,  and  9  show  the  relation  between  actual  sizes  and  nominal 
sizes. 

13.  Joists. — Joists  usually  carry  only  a  uniform  load  composed  of  the  weight  of  the  joists 
themselves  plus  the  flooring  plus  superimposed  loads  of  people,  furniture,  etc.  The  latter 
loads  are  commonly  termed  "live"  loads  in  contrast  with  the  constant  loads  due  to  the  weight 
of  the  floor  construction  itself,  called  "dead"  loads.  The  joists  carry  the  flooring  directly  on 
their  upper  surfaces,  and  are  in  turn  supported  at  their  ends  by  girders,  bearing  partitions  or 

^  See  table  in  Sect.  7,  Art.  10. 

•  See  Eno-  News,  vol.  62,  pp.  216-217. 

*  Properly  the  factor  ^o  holds  only  for  the  case  of  simple  beams  loaded  uniformly  and  at  the  third  points,  and 
for  cantilever  beams  with  uniform  loading.  For  a  simple  beam  with  single  concentrated  load  at  any  point  of  span 
the  factor  is  Hso>  while  for  quarter  point  loading  the  factor  is  Ho- 
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hearing  walls.  Joists  are  a1wa3rs  single  sticks  of  timber.  Joists  may,  and  often  do,  carry  con- 
centrated loads  in  addition  to  the  uniform  loads  mentioned  above.  Such  concentrations  may 
be  caused  by  heavy  pieces  of  furniture,  safes,  etc.,  by  cross  partitions  resting  on  the  floor,  or  by 
special  floor  framing  as  required  by  openings  in  the  floor. 

Many  designs  of  joists  or  girders  are  faulty  in  that  the  designer  has  not  considered  such 
concentrated  floor  loads  in  addition  to  the  uniform  loading.  In  design,  with  the  use  of  tables 
giving  safe  loads  for  timber,  the  beams  selected  thereby  may  not  be  sufficient  for  all  cases  of 
framing  where  loading  has  been  assumed  to  be  uniform.  For  such  cases,  the  concentrations 
are  sometimes  reduced  to  equivalent  uniform  loads  before  entering  the  tables.  A  correct 
and  satisfactory  method,  except  for  the  simpler  cases,  is  to  compute  the  separate  bending 
moments  due  to  each  load  and  combine  these  partial  moments  to  get  the  amount  and  position 
of  the  maximum  moment.  The  combination  of  the  partial  moments  may  be  quickly  accom- 
plished by  graphical  methods,  as  illustrated  in  Art.  46.  Having  this,  the  required  section  is 
easily  found  (see  chapter  on  "Simple  and  Cantilever  Beams, "  Sect.  1). 

Table  6  gives  the  resisting  moments  of  rectangular  beams,  computed  on  the  basis  of  the 
actual  finished  sections,  for  maximum  unit  fiber  stresses  varying  from  1000  to  2000  lb.  per  sq.  in. ; 
also  the  factors  by  which  the  moments  in  the  tables  are  to  be  multiplied  to  get  the  resisting 
moments  of  the  rough  sections. 

14.  Girders. — Girders  may  be  single  sticks  or  composite  sections.  Girders  usually  sup- 
port joists,  and  in  turn  are  supported  by  columns  or  bearing  walls.  When  girders  are  carried 
otherwise  than  by  columns,  the  fact  must  always  be  borne  in  mind  that  such  girders  deliver  a 
concentrated  load  of  some  magnitude  to  the  wall,  or  bearing  partition,  and  care  must  be  taken 
to  see  that  such  wall  or  partition  is  strong  enough  in  column  action  to  carry  the  load  imposed 
upon  it  by  the  girders. 

For  ordinary  building  construction,  where  timber  not  better  than  No.  1  Common  is  likely 
to  be  used,  it  is  recommended  that  the  maximum  unit  fiber  stress  in  bending  for  long-leaf  yellow 
pine  or  Douglas  fir  be  limited  to  1500  lb.  per  sq.  in.,  and  the  maximum  unit  longitudinal  shearing 
stress  be  limited  to  150  lb.  per  sq.  in.  For  timber  of  the  grade  of  Select  Structural,  or  Select 
No.  1  Common,  the  unit  flexural  stress,  computed  always  on  the  basis  of  actual  finished  sections, 
may  be  increased  to  1800  lb.  per  sq.  in.,  and  the  unit  longitudinal  shearing  stress  to  175  lb.  per 
sq.  in. 

Tables  1,  2,  and  3  give  the  safe  loads,  deflection,  and  maximum  unit  shearing  stresses  for  2, 
3  and  4-in.  joists,  respectively.  The  maximum  unit  fiber  stress  in  bending  is  1500  lb.  per  sq. 
in.,  computed  on  the  finished  size  of  joist.  The  deflection  is  based  on  a  modulus  of  elasticity 
of  1,643,000.  The  maximum  intensity  of  horizontal  shearing  stress  is  given  for  the  shortest 
span.  To  use  this  table  for  other  unit  flexural  fiber  stresses,  the  values  in  the  tables  must  be 
multiplied  by  the  factors  of  Tables  4  and  5. 

nittttimtiTe  Problem. — Required  to  find  proper  sise  of  joiet  to  support  a  load  of  5500  lb.  on  a  14-f  t.  epan,  with  a 
fiber  etren  of  1200  lb.  per  eq.  in. 

From  Table  5  we  find  factor  of  multiplication  to  be  1.250.  The  new  load  to  use  in  entering  Tables  1,  2.  and  3 
is  therefore  5500  lb.  X  1.350  -^  0870  lb.  From  Table  1  it  is  seen  that  a  3  X  16-in.  joist  on  a  14-ft.  span  has  a  safe 
eanying  capacity  of  7150  lb.  (at  1500  lb.  per  sq.  in.). 

nioitratiTe  Problem. — Given  a  2  X  14-in.  joist  on  a  16-ft.  span.  Required  the  safe  load  as  limited  by  a 
mazimnm  unit  fiber  stress  of  1200  lb.  per  sq.  in.  in  bending.  From  Table  1,  the  safe  load  for  1500  lb.  pei  sq.  in. 
in  bending  is  seen  to  be  3085  lb.  From  Table  4.  the  factor  of  multiplication  is  seen  to  be  0.80,  giving  the  safe  load 
as  2468  lb. 

Diagram  on  p.  102  gives  a  simple  method  for  solving  the  strength  of  any  timber  beam 
as  determined  by  maximum  unit  strength  in  bending,  also  for  determining  the  proper  size 
of  any  timber  beam  to  support  a  given  load  in  bending. 

DlttstratiTe  Problem. — Given  a  total  floor  load,  dead  and  live,  of  174  lb.  per  sq.  ft.,  span  13  ft.  1  in.  What 
sise  joists,  spaced  16  in.  on  centers,  will  support  this  load  with  a  maximum  unit  fiber  stress  of  1800  lb.  per  sq.  in.  7 

Lay  a  flexible  straight  edge,  such  as  a  card,  on  the  diagram,  p.  102,  joining  Point  A  (174  lb.  per  sq.  ft.)  with 
B  (16-in.  spacing),  and  mark  intersection  C  on  Working  Line.  Pivoting  card  about  C,  connect  C  with  D  (13  ft. 
1  in.)  and  read  5000  ft.-lb.  at  E.  Connect  S  with  F  (1800  lb.  per  sq.  in.),  crossing  Working  Line  at  O.  Pivoting 
card  about  (7,  set  card  on  iK  in-  (width  of  beam)  at  H  and  read  llH  in.  (depth  of  beam)  at  K. 
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16.  Bzplanation  of  Tables. — In  Tables  1,  2,  and  3,  the  first  line  of  figures  in  each  group  rep- 
resents the  safe  load  for  the  particular  beam,  including  the  weight  of  the  beam  itself.  The 
second  line  of  figures  gives  the  deflection  in  inches  for  the  beam  at  the  maximum  safe  load,  com- 
puted for  a  modulus  of  elasticity  of  1,643,000  lb.  per  sq.  in.  The  third  figure,  where  such  figure 
occurs,  indicates  the  maximum  unit  horizontal  shearing  stress.  The  shearing  stress  is  given, 
only  in  those  cases  in  which  such  shear  is  in  excess  of  150  lb.  per  sq.  in.  All  quantities  in  these 
tables  are  based  upon  the  surfaced  sizes  of  sticks.  To  obtain  the  safe  loads  for  the  rough  or 
full  nominal  sizes  of  timber,  the  loads  of  Tables  1,  2,  and  3  must  be  multiplied  by  the  '' multiply 
ing  factors "  of  Table  6.  These  tables  have  been  adapted  from  similar  tables  in  the  "Structural 
Timber  Handbook  on  Pacific  Coast  Woods"  published  by  the  West  Coast  Lumbermen's 
Association. 

Tables  7,  8  and  9  give  for  timber  joists:  (1)  the  safe  loads  corresponding  to  a  maximum 
flexural  stress  of  1800  lb.  per  sq.  in.,  indicated  in  the  tables  by  the  letter  '*B**]  (2)  the  safe  load, 
uniformly  distributed,  limited  by  a  maximum  intensity  of  horizontal  shear  of  175  lb.  per  sq.  in., 
indicated  in  the  tables  by  the  letters  **HS'*]  (3)  the  uniformly  distributed  load  that  produces  a 
deflection  of  Ho  in.  per  foot  of  span,  indicated  in  the  tables  by  the  letter  "  D*';  and  (4)  the  deflec- 
tion in  inches  for  a  load  of  10001b.,  uniformly  distributed,  indicated  in  the  tables  by  "Dl." 
All  deflections  are  computed  for  a  modulus  of  elasticity  of  1,620,000  lb.  per  sq.  in.  All  loads 
and  deflections  are  computed  on  the  finished  or  surfaced  sizes  of  joists.  For  convenience,  the 
section  moduli  of  the  various  sizes  of  joists  are  given,  based  on  finished  sizes.  These  tables 
are  taken  from  the  "Southern  Pine  Manual"  published  by  the  Southern  Pine  Association. 

Attention  is  called  to  the  variation  of  sizes  of  finished  joists  in  Tables  1,  2,  3  and  Tables 
7,  8,  and  9,  representing  the  difference  between  the  standards  of  the  West  Coast  Lumbermen's 
Association  and  the  Southern  Pine  Association,  the  finished  sections  of  the  Southern  Pine 
Association  utilizing  a  greater  percentage  of  the  rough  timber  than  the  standards  of  the  West 
Coast  Lumbermen's  Association.  All  sizes  of  joists  in  Tables,  1,  2.  and  3  (West  Coast  Lumber- 
men's Association)  are  for  joists  surfaced  one  side  and  one  edge,  or  surfaced  four  sides  (S4S). 
All  sizes  in  Tables  7,  8,  and  9  (Southern  Pine  Association)  are  for  joists  sui  faced  one  side  and 
one  edge  (SlSlE). 
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Table  1. — ^Tablb  or  Safb  Loads  and  Deflbctionb  For  Timber  Joists  with  Nominal. 
Width  of  2  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural  Fiber 

Stress  or  1500  Lb.  per  Bq.  In. 


Sixes 

Rough  sIm 

2X4 

2X6 

ax8 

2X10 

2X12 

2X14 

2X16 

X18 

Surfaced  else 
SISIB  or  S4S> 

1HX3H 

1HX5H 

1HX7H 

1HX9H  IHXUH  1HX13H  iHxisH  iHxuH 

Section 
modulus 

3.56 

8.57 

15  23 

- 

24.44 

35.82 

49.36 

65.07 

•82.94 

1187 

3 

0.0681 
I        161 
f       890 

2142 

4 

0.121 

0.0780 
176 

6 

f       712 
10.189 

1714 

0.122 

f       593 

1428 

2538 

6 

0.272 
r       609 

0.176 
1224 

0.131 

156 

2176 

3491 

1 

7 

0.370 

0.239 

0.179 

0.141 

% 

r      1071 

1904 

170 
3055 

4478 

8 

0  312 

0.234 

0.185 

0.153 
180 

9 

f       953 
10.395 

1692 

2716 

3980 

0.296 

0.243 

0  193 

f       857 

1523 

2444 

3582 

4936 

10 

1 

0.487 

0  365 

0.289 

0.238 

0.203 
169 

779 

1385 

2222 

3256 

4487 

5915 

11 

1 

0.589 

0.442 

0.349 

0.288 

0.245 

0.214 

41 

V 

167 

r    1269 

,    2037 

2985 

4113 

5423 

6912 

•»4 

12 

0.526 

0.415 

0.343 

0.292 

0.254 

0  225 

a 

I 

182 

0, 

13 

f    1172 
10.617 

1880 

2755 

3797 

5006 

6380 

CO 

• 

0.487 

0.403 

6.343 

0  299 

0.265 

14 

r    1088 
\0.716 

1746 

2559 

3526 

4648 

5924 

0.565 

0.467 

0.397 

0.347 

0.307 

15 

f    1015 
10.822 

1629 

2388 

3291 

4338 

5529 

0.649 

0.536 

0.456 

0.398 

0.352 

16 

f    1528 
10.738 

2239 

3085 

4067 

5184 

0.610 

0.519 

0.453 

0.401 

17 

f    1438 
10.834 

2107 

2904 

3828 

4879 

0.688 

0.586 

0.511 

0.452 

18 

f    1358 
\  0.936 

1990 

2742 

3615 

4608 

- 

0.773 

0.657 

0.572 

0.504 

19 

f    1885 
10.860 

2598 

3426 

4366 

0.732 

0.637 

0.666 

20 

1791 
10.953 

2468 

3254 

4147 

0.811 

0.706 

0.626 

21 

f   2360 
10.895 

3099 

8949 

0.779 

0.690 

22 

r   2244 
10.981 

2958 

3770 

mtmt 

0.865 

0.758 

23 

2829 
0.935 

3606 

0.829 

24 

f   3456 
1 0.901 

25 

r   3318 
10.979 

^8181 E  '  surfaced  one  side  and  one  edge. 
848  i"  surfaced  four  sides. 
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Table  2. — Table  of  Safe  Loads  and  DErLBcnoNS  fob  Timbbb  Joists  with  Nomina 
Width  of  3  Inches,  Unifobmlt  Loaded,  Based  on  Maximdm  Flexubal 

Fibbb  Stbess  of  1500  Lb.  peb  Sq.  In. 


8X« 

8X8 

3X10 

3X12 

8X14 

8X16 

3X*18 

8iM0 

Suriaoed  Bime 
81S1E  or  S4S1 

2HX6H 

2HX7H 

2HX9H 

2MX11M 

2HX13H 

2HX15K 

2KX17>, 

Section 
modulus 

12.60 

23.42 

87.61 

55.10 

75.94 

100.10 

127  60 

r     8150 

4 

0.0797 
I        172 

5 

r      2520 
I    0.125 

r     2100 

3903 

6 

0.179 
f      1800 

0.181 

156 

3346 

5373 

7 

0.244 
r     1575 

0.179 
2928 

0.141 

170 

4701 

6888 

8 

0.319 

0.234 

0.185 

0.153 
180 

9 

f      1400 
I    0.404 

2602 

4179  . 

6122 

0.296 

0.234 

0.193 

r      1260 

2342 

3761 

5510 

7594 

10 

0 .498 

0.365 

0.289 

0.238 

0  203 
169 

t      1145 

2129 

8419 

5009 

6904 

9100 

11 

0.603 

0.442 

0.349 

0.288 

0.245 

•  •   •  •  ■ 

0.214 
176 

*» 

(      1952 

3134 

4592 

6328 

8342 

10,633 

12 

0  526 

0.415 

0.343 

0.292 

0.254 

0.226 

.s 

s 

s 

s 

13 

r      1802 
\    0.617 

2893 

4239 

5842 

7700 

182 
9,815 

0.487 

0.403 

0.343 

0  299 

0.265. 

14 

f      1673 
1    0.716 

2686 

3936 

5424 

7150 

9,114 

0.565 

0.467 

0.397 

0.347 

0  307 

15 

(      1561 
I    0.822 

2507 

3673 

5068 

6673 

8,507 

0.649 

0.536 

0.456 

0.398 

0  352 

16 

2351 

3444 

4746 

6256 

7,975 

9 

I    0.738 

0.610 

0.519 

0.453 

0  401 

17 

f      2212 
\    0.834 

3241 

4467 

6889 

7,506 

0.688 

0.586 

0.511 

0.452 

18 

f      2089 
1    0.935 

3061 

4219 

5561 

7,089 

0.773 

0.657 

0.572 

0  607 

19 

2900 
1    0.917 

3997 

5268 

6,716 

0.732 

0  637 

0.565 

20 

f      3797 
\   0.811 

5005 

6,380 

0.706 

0.626 

21 

f      3616 
\    0.896 

4767 

6,076 

0  779 

0.690 

22 

3452 
I    0.981 

4660 

5.800 

• 

0  855 

0.758 

23 

4362 
.    0.935 

5,648 

0  829 

24 

f     6,317 
1    0.901 

25 

■ 

f     5.104 
I   0.979 

>  SISIE  -■  lurfaoed  one  md^  azui  one  edge . 
848  ->  wfftoed  four  ndee. 
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Tablb  3. — Table  of  Safe  Loads  and  Deflections  fob  Timber  Joists  with  Nominal 
Width  of  4  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Fiber  Stress  of  1500  Lb.  per  Sq.  In. 


• 

Siiea 

Rough  bIm 

4X4 

4X6 

4X8 

4X10 

4X12 

4X14 

4X16 

4X18 

Surfaced  else 
SISIE  or  S4S1 

3HX3H 

3HX5H 

3HX7H 

3HX9H  |3KX11H  3HX13H  3HX15H  3HX17H 

Section 
modulus 

7.16 

17.64 

32.81 

52.65 

77.16 

106.31 

140.16 

178.65 

3 

4 
5 

r      2383 

0.0705 

I        146 

(      1788 

0.125 

f      1430 
I    0  196 

4410 

0 .0797 

172 

3528 

r 

0.125 

r      1192 

2940 

5468 

6 

0.282 
{      1021 

0.179 
2520 

0.131 

156 

4687 

7521 

7 

0  384 

0.244 
f      2205 

0.179 
4101 

0.141 

170 

6581 

9644 

■ 

8 

0.319 

0  234 

0.185 

0.153 
180 

9 

f      1960 
I    0.404 

3646 

5850 

8572 

0  296 

0.234 

0.193 

f      1764 

3281 

5265 

7715 

10.631 

10 

0.498 

0.365 

0.289 

0.238 

0.203 
169 

(      1604 

2983 

4786 

7015 

9.665 

12,741 

11 

0.603 

0  442 

0.349 

0  288 

0.245 

0.214 

«* 

1 

I         

176 

r    2734 

4388 

6429    , 

8,861 

11,679 

14,888 

a 

12 

0.526 

0.415 

0.343 

0  292 

0.254 

0.225 
182 

0, 

13 

• 

f    2524 
10.617 

4050 

5935 

8,178 

10.781 

13.742 

en 

0.487 

0  403 

0  343 

0  299 

0.265 

14 

f    2344 
lO  715 

3761 

5511 

7,594 

10.011 

12,761 

0.565 

0.467 

0  397 

0.347 

0  307 

15 

/    2187 

3510 

5143 

7,087 

9,343 

11,910 

lO  822 

0.649 

0.536 

0  456 

0.398 

0.352 

16 

;    3291 

4822 

6.644 

8,759 

11,166 

• 

10.738 

0.610 

0  519 

0.453 

0.401 

17 

r    3097 
to  834 

4538 

6,254 

8,244 

10,508 

0  688 

0.586 

0.511 

0  452 

18 

f    2924 
10.935 

4286 

5,906 

7.786 

9.925 

0.773          0  657 

0  572 

0.507 

10 

•^ 

/    4061            5.695 

7,376 

9,403 

iO  860 

0  732 

0.637 

0.565 

1                20 

/    3858 

5,316 

7,008" 

8,933 

10.953 

0  811 

0.706 

0.626 

1 

21 

f  5,063 
\ 0.895 

6,674 
0.779 

8,507 
0.690 

22 

f  4,832 
10.981 

6,370 

8.120 

0.855 

0.758 

23 

6.093 
\  0 .935 

7,767 

1                ^'^ 

0.829 

'                24 

I 

/  7.444 
10.901 

25 

1 

1 

1 

7.146 
1  0.979 

*  SlSlE  «■  surfaced  one  side  and  one  edge. 
H4S  —  surfaced  four  sides. 
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Tablb  4. — Factors  bt  which  Safb  Loads  in  Tables  1,  2  and  3  Must  be  Multipued  to 
Find  Safe  Loads  that  Givkn  Size  of  Joist  will  Support  at  a  Unit  Flexdral 

Stress  Other  than  1500  Lb.  per  Sq.  In. 

Table  5. — Factors  by  which  Given  Load  Must  be  Multiplied  to  Find  Equivalent 
Load  to  be  Used  in  Entering  Tables  1,  2,  and  3  to  Find  Proper  Size  op  Joist 

Table  4  Table  5 


Desirod  unit 

Factor  of 

fiber  stress 

multiplication 

1000 

0.667 

1100 

0.734 

1200 

0.800 

1300 

0.867 

1400 

0.033 

1500 

1.000 

1600 

1.067 

1700 

1.133 

1800 

1.200 

2000 

1.333 

Desirod  unit 

Factor  of 

fiber  stress 

multiplication 

1000 

1.600 

1100 

1.363 

1200 

1.250 

1300 

1.153 

1400 

1.071 

1500 

1.000 

1600 

0.930 

1700 

0.883 

1800 

0.833 

2000 

0.750 

Table  6. — Maximum  Bending  or  Resisting  Moments  in  Foot-pounds  for  Rectangular 

Beams 

Values  in  this  table  are  based  on  surfaced  siies.i    To  got  values  for  rough  sises,  multiplv  Resisting  Moment  for 

any  given  sixe  by  "multiplying  factor"  in  dark  t3i>e  in  same  horisontal  line 


Size 

"Mul- 

Sec- 

Mo- 

Resisting moments 

in  footpounds  for  safe  fiber  stresses  in  ' 

tiply- 

tion 

ment 

] 

pounds  per  square  inch,  t 

IS  indicated 

Nominal 

Actual* 

ing 
factor" 

modu- 
lus 

of  in- 
ertia 

(inches) 

(inches) 

"* 

(in.>) 

(in.^) 

I. 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

180a 

2000 

2X4 

IHX  3H 

1.50 

3.56 

6.45 

297 

327 

356 

386 

416 

446 

476 

535 

594 

2X6 

IHX  6H 

1.40 

8.57 

24.10 

714 

786 

857 

928 

1000 

1071 

1142 

1285 

1428 

2HX  6 

2HX  64 

1.32 

11.31 

31.18 

945 

1040 

1134 

1228 

1323 

1417 

1512 

1701 

1890 

2X8 

1HX7H 
2HX  7H 

1.40 

15.23 

57.13 

1269 

1396 

1523 

1650 

1777 

1904 

2030 

2284 

2538 

2MX  8 

1.26 

21.10 

79.10 

1758 

1934 

2110 

2285 

2462 

2637 

2813 

3165 

3.118 

2    XIO 

IHX  m 

1.36 

24.44 

116.10 

2037 

2241 

2444 

2648 

2852 

3056 

3259 

3667 

4074 

2WX10 

2HX  0^ 
IWXIIH 

1.23 

83.84 

160.76 

2820 

3102 

3384 

3666 

3948 

4230 

4512 

5076 

5640 

2    X12 

•1.34 

85.82 

205.95 

2985 

3284 

3582 

3881 

4179 

4478 

4776 

5373 

5970 

2HX12 

2HX11H 

1.21 

40.59 

285.16 

4133 

4546 

4958 

5371 

5780 

6197 

6612 

7436 

8265 

2    X14 

mxmi 

1.32 

49.36 

333.18 

4113 

4524 

4936 

5347 

5758 

6170 

6581 

7403 

8226 

2    X14 

1WX13W 

1.23 

53.16 

358.80 

4430 

4873 

5316 

5759 

6202 

6645 

7088 

7974 

8860 

2WX14 

2HXIZH 

1.20 

68.34 

461.32 

5695 

6264 

6834 

7403 

7973 

8542 

9112 

10251 

11390 

2    X16 

1WX15H 

1.31 

65.07 

504.28 

5423 

5965 

6507 

7050 

7592 

S135 

8677 

9761 

10846 

2    XI6 

IHXlbH 

1.22 

70.10 

543.06 

5842 

6426 

7010 

7594 

8178 

8762 

9347 

10515 

11683 

2HX16 

2^X]6H 

1.18 

90.10 

698.23 

7508 

8260 

9010 

9760 

10512 

11262 

12013 

13515 

15018 

2    X18 

mxi7H 

1.30 

82.94 

725.75 

6912 

7603 

8294 

8986 

9677 

10368 

11069 

12442 

13824 

2    X18 

1HX17H 

1.21 

80.32 

781.57 

7446 

8188 

8932 

9676 

10421 

11165 

11901 

13398 

14887 

2HX18 

2HX17H 

1.17 

114.84 

1004.88 

9570 

10527 

11484 

12441 

13398 

14355 

15312 

17226 

19140 

3X6 

2HX  5H 

1.43 

12.60 

34.66 

1050 

1155 

1260 

1365 

1470 

1575 

1680 

1890 

2100 

8X6 

2HX  5H 

1.30 

13.86 

38.13 

1155 

1271 

1386 

1501 

1617 

1732 

1848 

2079 

2310 

3X8 

24X  7H 

1.37 

23.43 

87.89 

1952 

2147 

2342 

3538 

2733 

2928 

3123 

8514 

3904 

8X8 

2HX  7H 

2HX  m 

1.24 

25.78 

96.68 

2148 

2363 

2578 

2793 

3008 

3222 

3437 

3867 

4297 

8    XIO 

1.33 

37.61 

178.62 

3134 

3447 

3761 

4074 

4388 

4701 

5014 

5641 

6268 

3    XIO 

2HY9H 

1.21 

41.36 

196.48 

3447 

3791 

4136 

4480 

4825 

5170 

5515 

6204 

6893 

3    X12 

2HXim 
2HXUH 

1.31 

55.10 

316.85 

4592 

5051 

6510 

6970 

6429 

6888 

7347 

8266 

9184 

8    X12 

1.19 

60.61 

348.53 

5a51 

5556 

6060 

6565 

7071 

7575 

8081 

9090 

10102 

3    X14 

?HX13H 

1.29 

76.94 

612.58 

6328 

6961 

7694 

8226 

8859 

9492 

10125 

11390 

12656 

3    X14 

2NX18H 

1.17 

83.53 

563.84 

6961 

7657 

8353 

9049 

9745 

10441 

11137 

12529 

13922 

3    X16 

2V4X15H 

1.28 

100.10 

775.81 

8342 

9176 

10010 

10845 

11679 

12513 

13347 

15016 

16684 

8    X16 

2HX15H 

1.16 

110.1! 

853.39 

9176 

10093 

11011 

11928 

12846 

13763 

14681 

16516 

18352 

3    X18 

2HX17H 

1.27 

127.60 

1116.54 

10633 

11606 

12760 

13823 

14886 

15950 

17013 

19139 

21266 

3    X18 

2HX17H 

1.15 

140.36 

1228.19 

11696 

12866 

14036 

15205 

16375 

17545 

18715 

21054 

23393 

4X4 

3V4X  8H 

1.49 

7.15 

12.51 

596 

656 

715 

775 

834 

894 

954 

1073 

1192 

4X4 

3HX  ZH 

1.34 

7.94 

14.39 

662 

728 

794 

860 

926 

992 

1059 

1190 

1323 

4X6 

3HX  5H 

1.36 

17.64 

48.53 

1470 

1617 

1764 

1911 

2058 

2205 

2352 

2646 

2940 

4X6 

ZHX  5H 

1.26 

19.12 

53.76 

1593 

1753 

1912 

2071 

2231 

2390 

2549 

2868 

3187 

4X8 

3HX  7H 

1.30 

32.81 

123.05 

2734 

3007 

3281 

3554 

3828 

4101 

4374 

4921 

5468 

4X8 

iHX  7h 

1.21 

35.16 

131.83 

2930 

3223 

3516 

3809 

4102 

4395 

4688 

5274 

5860 

4    XIO 

ZHX  9H 

1.27 

52.65 

250.07 

4388 

4827 

5265 

5704 

6143 

6582 

7021 

7898 

8776 

4    XIO 

ZHX  9H 

1.18 

56.41 

267.93 

4701 

5171 

5641 

alio 

6581 

7050 

7521 

8461 

9402 
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Table  6. — Maximxtic  Bending  ob  Rbsistinq  Moments  in  Foot-pounds  fob  Rbctanqulab 

B  EAiis — (Continued) 


sue 


Nominal 
(iDches) 


Actual' 
(inohee) 


"Mul- 
tiply- 
ing 
factor" 


Sec- 
tion 

modu- 
lus 

(in.«) 


Mo- 
ment 
of  in- 
ertia 
(in.*) 


Reeistins  moments  in  foot-pounds  for  safe  fiber  stresses  in 
pounds  per  square  inch,  as  indicated 


1000 


1100 


1200 


1300 


1400 


1500 


1600 


1800 


20OO 


4 
4 
1 

4 

4 
4 
4 
1 


X12 
X12 
X14 
X14 
Xl« 
Xl« 
X18 
X18 


X  6 

X  8 

xio 

X12 

X14 

XIO 

X18 

X20 

8 

X  8 

8 

XIO 

8 

X12 

8 

X14 

8 

XIO 

8 

X18 

8 

X20 

10 

XIO 

10 

X12 

10 

X14 

10 

XIO 

10 

X18 

10 

X20 

12 

X12 

12 

X14 

12 

XIO 

12 

X18 

12 

X20 

14  X14 

14  X16 

14  X18 

14  X20 

16  X16 

16  X18 

16  X20 

10  X22 

16  X34 

18  X18 

18  X20 

18  X22 

18  X24 

18  X20 

20  X20 

30  X22 

20  X24 

20  X26 

20  X28 

20  xao 


3HX11H 
ZHXim 
3WX13H 
3HXl3h 
SHXlbH 
3«X16W 

3^X17W 

5HX  5M 
5MX  7W 
5WX  OH 
5HXim 
5WX13W 
5WX15W 
6HX17H 
5HX10H 

7WX  7H 
7MX  9H 
7HXim 
7WX13W 
7WX15H 
7WX17H 
7HX10H 

OHX  9H 
OWXllW 
9HX13W 
0HX154 
9HX17H 
9WX19H 

llHXim 
imxi3}4 

imxisw 
imxi7H 

11HX19H 

13HX13W 
13HX15H 
1ZHX17H 
13WX19H 

16HX15H 
16WX17W 
15V4X19H 
16WX2m 
16HX23,4 

17HX17H 
17HX19H 
17HX2m 
17HX23H 
17HX25W 

19HX19W 
19HX21W 
19HX23H 
19V4X25^ 
19HX27W 
194X29W 


25 
16 
23 
15 
22 
14 
21 
13 

30 
24 
21 
19 
17 
16 
16 
15 

21 
16 
16 
15 
14 
13 
12 

17 
15 
13 
12 
11 
11 

14 
12 
11 
10 
10 

12 
11 
10 
09 

10 
09 
09 
06 
06 

09 
06 
06 
07 
07 

06 
07 
07 
07 
06 
06 


77.16 
82.66 
106.31 
113.91 
140.16 
150.16 
178.65 
191.41 

27.73 
51.56 
82.73 
121.23 
167.06 
220.23 
280.73 
348.56 

70.31 
112.81 
165.31 
227.81 
800.31 
382.81 
475.31 

142.80 
209.40 
288.56 
380.40 
484.90 
602.06 

253.48 
349.31 
460.48 
586.98 
728.81 

410.06 
540.56 
689.06 
855.56 

620.64 

791.15 

962.31 

1194.15 

1426.65 

893.23 
1109.06 
1348.23 
1610.73 
1896.56 

1235.81 
1502.31 
1794.81 
2113.31 
2457.81 
2828.31 


413.59 

175.27 

717.61 

768.87 

1086.13 

1163.71 

1563.15 

1674.80 

76.26 

103.36 

892.96 

697.07 

1127.67 

1706.78 

2456.38 

3398.49 

263.67 
535.86 
950.55 
1537.74 
2327.43 
3349.61 
4634.30 

678.76 
1204.08 
1947.80 
2948.07 
4242.84 
5870.11 

1457.51 
2357.86 
3568.72 
5136.07 
7105.93 

2767.93 
4189.37 
6029.30 
8341.74 

4810.01 

6922.53 

9677.55 

12837.07 

16763.10 

7815.76 
10813.37 
14403.47 
18926.08 
24181.18 

12049.18 
16149.87 
21089.06 
26944.74 
33794.90 
41717.62 


6429 
6888 

8859 
9493 
11679 
12513 
14888 
15951 

2311 
4297 
6894 
10103 
13922 
18353 
23394 
29047 

5859 
9401 
13776 
18984 
26026 
31901 
39609 

11908 
17450 
24047 
81700 
40408 
50172 

21123 
29109 
38373 
48915 
60734 

34172 
45047 
57422 
71297 

51720 
65929 
81859 
99513 
118888 

74436 

92422 

112353 

134228 

158047 

102984 
125193 
149568 
176109 
204818 
235693 


7072 
7577 
9745 
10442 
12847 
13765 
16377 
17546 

2542 

4r27 

7583 
11113 
15314 
20188 
25733 
31952 

6445 
10341 
15154 
20882 
27529 
35091 
43570 

13099 
19195 
26452 
34870 
44449 
55189 

23235 
32020 
42210 
53807 
66807 

37589 
49652 
63164 
78427 

56892 

72522 

90045 

109464 

130777 

81880 
101664 
123588 
147651 
173852 

113282 
137712 
164525 
193720 
225300 
250262 


7031 
11281 
16531 
22781 
30031 
38281 
47531 

14289 
20940 
28856 
38040 
48490 
60206 

25348 
34931 
46048 
58698 
72881 

41006 
54056 
68906 
85556 

62064 

79115 

98231 

119415 

142665 

89323 
110906 
134823 
161073 
189656 

123581 
150231 
179481 
211331 
245781 
282831 


7715 

8358 

8266 

8055 

10631 

11517 

11391 

12340 

14015 

15183 

15016 

16267 

17865 

10854 

19141 

20736 

2773 

8004 

5156 

5586 

8273 

8962 

12123 

13134 

16706 

18099 

22023 

23859 

28073 

30412 

34856 

37761 

7617 
12221 
17909 
24679 
32534 
41471 
51492 

15480 
22685 
31261 
41210 
52530 
65224 

27460 
37842 
49885 
63590 
78054 

44424 

58561 
74649 
92686 

67236 

85708 

106417 

129367 

154554 

96767 
120149 
146059 
174496 
205461 

133879 
162751 
194438 
228942 
266268 
306401 


9001 
9644 
12403 
13280 
16351 
17519 
20843 
22331 

3235 
6016 
9652 
14144 
19491 
25694 
32752 
40666 

8203 
13161 
19286 
26578 
35036 
44661 
55453 

16671 
24430 
33666 
44380 
56571 
70241 

29672 
40753 
53722 
68481 
85028 

47841 
63066 
80391 
99816 

72408 

92301 

114603 

139318 

166443 

104210 
129391 
157204 
187919 
221266 

144178 
175270 
209395 
246553 
286745 
329970 


9644 
10332 
13289 
14238 
17519 
18770 
22332 
23926 

8467 
6446 
10341 
15156 
20683 
27580 
85091 
43571 

8789 
14102 
20664 
28476 
37539 
74852 
59414 

17863 
26175 
36071 
47550 
60612 
75258 

31685 
43664 
57560 
73373 
01101 

51258 

67571 

86138 

106946 

77580 

OAMU 
vootn 

122780 
149270 
178332 

111654 
138633 
168530 
201342 
237071 

154476 
187790 
224352 
264164 
307227 
353540 


10286 
11021 
14174 
15188 
18686 
20021 
23821 
25521 

3608 
6875 
11030 
16165 
22275 
29365 
37430 
46475 

9374 
15042 
22042 
30374 
40042 
51042 
63874 

10053 
27920 
38475 
50720 
64653 
80275 

33797 
46574 
61397 
78364 
97174 

54675 

73075 

91875 

114075 

82752 
105486 
130074 
159221 
190221 

119098 
147875 
179785 
214765 
252875 

164774 
20030V^ 
230309 
281774 
327709 
377100 


11573 
12399 
15946 
17066 
21022 
32624 
26798 
28711 

4160 
7735 
12400 
18185 
25060 
33035 
42109 
52385 

10646 
16922 
24797 
34171 
45047 
57422 
71396 

21434 
31410 
43285 
57060 
72734 
90310 


12858 
13777 
177U 
1896S 
23358 
25027 
29776 
319QS 

4622 
85M 
137» 
20206 
27844 
3670( 
4678C 
58094 


23816 
3490Q 

63400 

8081( 

100344 


38021  4234( 
52396  5821{ 
59071  76746 
88047  9783< 
100321  12146f 


61510 

81085 

103360 

128335 

93006 
118672 
147346 
179123 
213906 

133065 
166360 
202235 
241610 
284485 

ls'>.?71 
226347 
360222 
316996 
368673 


68344 
90094 

114844 
142594 

108440 
13185f 
1637U 
199021 
237778 

148872 
184844 
22470( 
26845< 
316094 


3522U 
40963( 


424247  47138( 


1  This  tabic  is  based  on  tables  from  the  "Southern  Pine  Manual"  of  the  Southern  Pine  Association,  and  the 
"Structural  Timber  Handbook  on  Pacific  Coast  Woods"  of  the  West  Coast  Lumbermen's  Association. 
The  standards  of  the  latter  association  are  as  follows: 
''Dimennon,  Plank  and  SmaU  Timbers. ^8ue»—8l8lE  or  84S:  2  X  3  to  IW  X  2H;  2  X  4  to  IJ 

2  X  6  to  IH  X  5H;  2  X  8  to  IH  X  7H:  2  X  10  to  IH  X  9H;  2  X  12  to  IM  X  li; 
2  X  16  to  1«  X  15k;  etc.;  3  X  4to2K  X  3^:3  X  6  to  2H  X  5H;  3  X  8  to 
3X  12to2H  X  11H;3  X  14to2H  X  13H;3  X  16tp2H  X  15H;eto.;4 
etc.:  6  X  6  to  4H  X  4H;  etc.;  6X6  and  8,  H  m.  off  each  way."^ 

"  r«m5er«.— ^isee— SIS,  SlE,  SISIE.  or  848:  8X8  and  larger  H  in.  off  each  way.  SUndard  lengthf  are 
multiples  of  2  ft." 

The  standards  of  the  Southern  Pine  Association  for  timber  surfaced  four  sides  are  the  same  as  those  of  the 
West  Coast  Lumbermen's  Association,  i.e  ,  H  in.  off  the  nominal  width  and  depth.  For  material  surfaced  one 
side  one  edge  (SlSlE)  their  standards  are  H  i°-  off  the  nominal  width  and  H  i^.  off  the  nominid  depth. 


o  i^  X  z?t;  :«  X  4  to  ] 
IH  X  IIH:  2  X  14  to  1 
to2K  X  7K;  8  X  10  to 
4to3H  X  3H;4  X  6to 
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Table  7. — Tablb  of  Safe  Loads  and  Deflections  for  Timber  Joists  With  Nominal 
Width  of  2  inches,  Uniformly  Loaded,  Based  on  Maximum  Flbxural 

Stress  of  1800  Lb.  per  Sq.  In. 


Rough  siae 


2X4 


2xe 


2X8 


2X10 


2X12 


2X14 


2X16 


2X18 


Siies 


Surfaced  die 
SISIE 


iHXS^i 


IHXW 


IHX7H 


IHX9H 


IHXIIH 


IHXISH 


1HX15H 


iHxnH 


s 
i 

QD 


Section  modulus 


3.66 


8.67 


15.23 


24.44    35.82 


53.16 


70.10 


89.32 


6 


8 


9 


10 


12 


13 


14 


15  { 


1372 
0.0581 

1068 

967 

0.1379 

854 
619 

0.2693 
712 
430 

0 .4651 


610 
316 

0.7384 
534 
242 

1.1020 


0.0369 
2135 
2056 

0.0720 
1714 
1607 

0.1244 

1460 

1180 

0.1977 

1285 

.  904 

0.2950 


[   1143 

714 

0.4202 

1028 

578 

0  6767 

935 

478 

0.7671 

857 

402 

0.9950 

1 

0 .0525 
2843 
2611 

0.0834 
2284 
2142 

0.1245 

2031 

1693 

0.1772 

1828 
1371 

0.2431 
1661 
1133 

0.3236 

1526 

952 

0.4202 

1406 

811 

0.5343 


1306 

700 

0.6667 

1218 

609 

0.8210 


1142 

536 

0.9950 


0.0612 
8601 
3258 

0.V)872 

2933 
2786 

0.1196 
2666 
2303 

0 . 1592 

2444 
1935 

0.2067 
2256 
1648 

0.2630 

2095 
1422 

0.3282 
1955 
1238 

0.4040 


1833 

1089 

0.4898 


0.0492 
4361 
4298 

0.0674 
3908 

0.0897 

3582 
3432 

0.1165 
3306 
2924 

0.1482 

3070 
2521 

0.1851 
2865 
2196 

0.2277 

2686 

1931 

0.2762 


0.0515 
5512 
5316 

0.0669 
4907 

0.0850 

4556 
4393 

0.1062 
4253 
3827 

0.1306 

3987 

3364 

0  1585 


0.0562 
6328 
6008 

0.0702 
5608 

0.0863 

6257 

5091 

0.1047 


0.0599 
7147 
6699 

0.0728 


no 
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Table  7. — Table  op  Safe  Loads  and  Deflections  for  Timber  Joists  with  Nominal. 

Widths  of  2  Inches,  Uniformly  Loaded,  Based  on  Maximum 

Flexural  Stress  of  1800  Lb.  per  Sq.  In. — (Continued) 


Sizes 

Rough  Bue 

2X4 

2X6 

2X8 

2X10 

2X12 

2X14 

2X16 

2X18 

Surfaced  aiie 
SlSlE 

iHx^H 

1«X5H    IHX7H 

IHX9H 

i^xiiH  1^4X13H  i^xi5H  1HX17H 

Section  modulus 

3.56 

8.57 

15.23 

24.44 

35.82 

53.16 

70.10 

89.32 

[B 
17     D 

1 

[       1725 

2528 

3753 

4948 

6305 

964 

1710 

2980 

4510 

Dl 

0.5878 

0.3314 

0.1902 

0.1256 

0.0873 

B 

1629 

2388 

3544 

4673 

5954 

18 

D 

860 

1525 

2658 

4023 

5790 

Dl 

0.6977 

0.3934 

0  2254 

0.1492 

0.1036 

B 

1544 

2262 

3358 

4427 

5641 

19 

D 

772 

1369 

2385 

3610 

5196 

Dl 

0.8204 

0.4626 

0.2655 

0.1754 

0.1219 

B 

1466 

2149 

3190 

4206 

5359 

20 

D 

697 

1236 

2153 

3258 

4690 

Dl 

0  .9565 

0.5395 

0.3097 

0.2046 

0.1422 

B 

2047 
1121 

3038 

4006 

5104 

21 

D 

1953 

2956 

4254 

Dl 

0.6244 

0.3585 

0.2368 

0.1646 

B 

1954 

2900 

3824 

4872 

22 

D 

Dl 

B 

1021 

0.7183 

1869 

1779 

0.4122 

2774 

2693 

0 .2723 

3657 

3876 

0.1892 

4660 

23 

D 

934 

1628 

2464 

3546 

Dl 

0.8208 

0.4710 

0.3112 

0.2162 

1 

B 

1791 

2658 

3505 

4466 

a 

24 

D 

858 

1495 

2263 

3267 

s 

Dl 

0  9324 

0.5351 

0.3535 

0.2456 

3. 

B 

2552 

3365 

4287 

CO 

25 
26 
27 
28 

D 
Dl 

• 

B 

D 

Dl 

B 

D 

Dl 

B 

D 

1378 

0.6048 
2454 
1274 

0.6804 
2363 
1181 

0.7619 
2278 
1098 

0.8498 

2085 

0.3996 

3235 

1928 

0.4495 

3116 

1788 

0.5034 

3004 

1663 

3001 

0.2777 

4122 

2775 

0.3123 

3970 

2573 

0.3498 

3828 

2392 

Dl 

0.5614 

0.3902 

B 

2901 

3696 

29 

D 

Dl 

B 

1550 

0  6238 

2804 

2230 

0 .4334 

3573 

30 

D 
Dl 

1448 
0.6905 

2085 
0 .4798 

31 

B 
D 
Dl 
B 

[      3457 

1952 

0.5294 

3349 

32 

D 
Dl 

1832 
[O  5823 

^  SlSlE  »  surfaced  one  side  and  one  edge. 
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Tablb  8. — Table  of  Safb  Loads  and  DBrLBcrioNS  for  Tibibbr  Joists  with  Nominal 
Width  of  3  Inchbs,  Uniformly  Loaded,  Basbd  on  Maximum  Flbxural 

Stress  of  1800  Lb.  per  Sq.  In. 


Si  sea 


Rough  sise 


3X6 


3X8 


3X10 


3X12 


3X14 


3X16 


8X18 


Surfaced  rise 
SISIE 


2HX5H 


2HX7H 


2HX9H 


2^4X11^ 


2HXIZH 


2^X16H 


2^X17>i 


Seetion  modulua 


13.86 


25.78 


41.36 


60.61 


83.53 


110.11 


140.36 


$ 


« 

a 

a 


6 


8 


0 


10 


11 


12 


13 


14 


15 


16 


17 


US 

Dl 

B 

Dl 

B 

D 

Dl 

HS 

fi 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

HS 

B* 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 


3528 
0.0233 

3326 
0.0455 

2773 

2542 
0.0787 


2376 
1867 

0.1250 
2070 
1429 

0.1866 


1848 

1129 

0.2657 

1663 

015 

0.3643 

1512 

766 

0.4850 


1386 

635 

0.6299 


0.0310 
4812 
4419 

0.0493 
3867 
3625 

0  0735 

3437 

2865 

0.1047 

3093 
2320 

0.1437 
2812 
1918 

0.1912 

2578 
1612 

0.2481 
2380 
1373 

0.3156 


2210 
1184 

0.3941 
2065 
1031 

0.4850 


1934 
906 
0.5887 


0 .0362 
6097 
5515 

•  •  •  •  •  • 

0.0515 

4963 
4715 

0.0707 
4512 
3897 

0.0941 

4136 
3275 

0.1221 
3818 
2790 

0.1553 

3545 
2406 

0.1939 
3309 
2096 

0.2386 

3102 
1842 

0.2895 
2920 
1632 

0.3472 


0.0291 
7378 
7273 

0.0398 
6612 

0.0530 

6061 
5808 

0.0689 
5595 
4949 

0.0875 

5195 
4267 

0.1094 
4849 
3717 

0.1345 

4546 
3267 

0.1632 
4278 
2894 

0.1958 


0.0328 
8662 
8353 

0.0426 
7710 

0.0541 

7159 
6904 

0.0676 
6682 
6014 

0.0831 

6264 
5286 

0.1009 
5896 
4682 

0.1210 


0.0357 
9947 
9438 

0.0446 
8809 

0.0549 

8258 
8001 

0.0666 
7772 
7087 

0.0799 


0.0382 
11,228 
10,527 

0.0463 
9,908 

0.0555 
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Table  8. — Table  of  Safe  Loads  and  Dbplbctions  for  Timbbb  Joists  with  Nominal 
Width  of  3  Inches,  UNiFomfLT  Loaded,  Based  on  Maximum  Flbxtjral 

Stress  of  1800  Lb.  per  Sq  In. — {CorUinvad) 


Sisee 

Roush  sise 

3X6 

3X8 

3X10 

3X12 

3X14 

3X16 

3X18 

Surfaced  sixe 
SlSlE 

2HX5H 

2HX7H 

2HX9H 

2HX11H 

2HX13H 

2HX15H 

2HX17H 

Section  modulus 

13.86 

26.78 

41.36 

60.61 

83.53 

110.11 

140.36 

B 

[      2768 

4041 

6508 

7341 

9356 

18  i 

D 

1466 

2582 

4177 

6322 

9098 

Dl 

1 

0.4124 

0.2324 

0.1437 

0.0949 

0.0659 

B 

2612 

3828 

5276 

6954 

8866 

19 

D 

1306 

2317 

3748 

6673 

8166 

Dl 

1 

0.4849 

0.2733 

0.1689 

0.1116 

0.0775 

B 

• 

2481 

8636 

5012 

6606 

8421 

20 

D 

1179 

2091 

3383 

5120 

7369 

Dl 

1 

0.6665 

0.3188 

0.1971 

0.1302 

0.0904 

B 

3463 

4773 

6292 

8020 

21 

D 

1897 

3060 

4644 

6684 

Dl 

0.3690 

0.2281 

0.1507 

0.1047 

B 

• 

3306 

4666 

6006 

7666 

22 

D 

1728 

2796 

4232 

6090 

Dl 

0  4244 

0.2623 

0.1733 

0.1204 

B 

3162 

4358 

5745 

7323 

23 

D 

1681 

2558 

3872 

6672 

Dl 

0.4849 

0.2997 

0.1980 

0.1376 

1 

B 

3031 

4176 

5506 

7018 

24 

D 

1462 

2350 

*    3566 

6118 

.9 

Dl 

0.6510 

0.3405 

0.2250 

0.1663 

S 

B 

4009 

6285 

6737 

& 

25 

D 

2165 

3277 

4716 

OQ 

Dl 
B 

0.3849 
3855 

0.2543 
5082 

0.1767 
6478 

26 

D 

Dl 

B 

2002 

0.4329 

3712 

3030 

0.2860 

4894 

4361 

0.1987 

6238 

27 

D 

Dl 

B 

1856 

0.4848 

3579 

2810 

0.3203 

4719 

4043 

0.2226 

0015 

28 

D 

1726 

2612 

3760 

^ 

Dl 
B 

0.5407 

0.3573 
4566 

0.2482 
5808 

■ 

29 

D 

Dl 

B 

) 

2436 

0  3960 

4404 

3505 

0.2758 

5614 

30 

D 

Dl 

B 

2276 
0.4394 

3275 

0  3053 

f      5433 

31 

D 

Dl 

B 

3067 

0.8369 

6263 

32 

D 
Dl 

< 

2879 
[  0.3708 

1  SlSlE  surfaced  one  side  and  one  edge. 
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Table  9. — Tablb  of  Safe  Loads  and  Deflections  for  Tibibbr  Joists  with  Nominal  Width 
OF  4  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Stress  of  1800  Lb.  per  Sq.   In. 


Rough  sice 


4X4 


4X6 


4X8 


4X10 


4X12 


4X14 


4X16 


4X18 


Siiee 


Surfaced  sise 
SlSlEi 


3HXZH 


3HX6H 


ZHX7H 


3KX9H,3^4X11H 


zHxizH 


3^X16H 


3HX17H 


Section  modulus 


7.94 


19.12 


35.16 


56.41 


82.66 


113.91 


150.16 


191.41 


a 


OQ 


.1 


5 


6{ 


7 


8 


9 


10 


11 


12 


13 


14 


16 


16 


HS 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

fi 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 

B 

D 

Dl 

HS 

B 

D 

Dl 


3066 

0.0261 

2382 

2152 

0.0618 


1905 
1382 

0.1206 

1588 

960 

0.2083 

1361 

706 

0.3307 

1191 

540 

0.4938 


0.0165 
4760 
4588 

0 .0323 
3824 

0.0558 

3277 
2633 

0.0886 
2868 
2016 

0.1323 

2549 

1593 

0.1883 

2294 
1290 

0  2584 
2086 
1066 

0.3440 


1912 

896 

0.4464 


0.0227 
6562 
6027 

0.0361 
5274 
4944 

0.0539 

4688 

3906 

0.0768 

4219 
3164 

0.1053 
3835 
2616 

0.1402 

3516 
2197 

0.1821 
3246 
1873 

0.2313 

3014 
1615 

0.2890 
2813 
1406 

0.3556 


2637 

1236 

0.4316 


0.0265 
8312 
7521 

0.0378 

6769 
6430 

0.0518 
6154 
5315 

0.0690 

5641 
4466 

0.G896 
5207 
3805 

0.1139 

4835 
3281 

0.1422 
4513 
2858 

0.1750 

4230 

2511 

0.2124 


0.0213 

10.062 

9919 

0.0292 
9017 

0.0389 

8266 
7921 

0.0505 
7630 
6750 

0.0642 

7085 
5820 

0.0802 
6613 
5070 

0.0986 

6199 

4456 

0.1197 


0.0240 
11312 
11,391 

0.0312 
10.515 

0.0397 

9764 
9415 

0.0496 
9113 
8201 

0.0610 

8543 

7208 

0.0740 


0.0262 
13.562 
12370 

0.0327 
12,013 

0.0403 

11,262 

10.909 

0.0480 


0.0279 
15,312 
14.356 

0.0339 


I SISIE  surfaced  one  side  and  one  edge. 
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Table  9. — Table  of  Safe  Loads  and  Deflection  fob  Timber  Joists  with  Normal  width 

OF  4  Inches,  Uniformly  Loaded,  Based  on  Maximum  Flexural 

Stress  of  1800  Lb.  per  Sq.  In. — (Continued) 


Sixes 

Rough  sise 

4X4 

4X6 

4X8 

4X10 

4X12 

4X14 

4X16 

4X18 

Surface  sixe 
SlSlE^ 

ZHX3H 

3HX5H 

3>4X7H 

3HX9H  3HX11H  3KX13H  3>iX15H  3^X17^ 

Section  modulus 

7.94 

19.12 

35  16 

56  41 

82.66 

113.91 

150.16 

191 .41 

B 

[      3982 

5835 

8041 

10599 

13611 

17 

D 

2225 

3947 

6385 

9664 

►  ^1 

0  2547 

0.1436 

0.0887 

0.0586 

0.0407 

B 

3760 

5510 

7594 

10010 

12760 

18 

D 

1985 

3521 

5695 

8620 

12406 

Dl 

0  3023 

1 

0.1704 

0.1053 

0.0696 

0.0483 

b 

3503 

5221 

7194 

9484 

12089 

19 

D 

1782 

3160 

5112 

7737 

11134 

Dl 

0  3554 

0.2004 

0.1239 

0  0818 

0.0569 

\b 

3384 

4959 

6834 

9009 

11484 

2a 

D 

1608 

2852 

4613 

6982 

10049 

Dl 

1 

0  4146 

0.2337 

0.1445 

0  0955 

0  0663 

B 

4724 

6509 

8580 

10938 

2r 

D 
Dl 

b 

2587 

0  2706 

1      4509 

4184 

0.1673 

6213 

6330 

0.1105 

8190 

9115 
0  0768 
10440 

22 

D 
Dl 

> 

b 

2357 

0  3111 

4313 

3813 

0.1923 

5943 

5770 

0.1271 

7834 

8305 

0.0883 

9986 

1 

23 

D 

2156 
0  3556 

3488 

5280 

7598 

Dl 

0.2198 

0.1452 

0.1009 

.2 

IB 

4133 

5695 

7508 

9570 

m 

9 

24     D 

1980 

3204 

4849 

6978 

[di 

0  4040 

0.2497 

0.1650 

0.1146 

OQ 

b 

5468 
2952 

7206 

9188 

25 

D 

4469 

6431 

Dl 

0.2822 

0.1865 

0.1296 

B 

5257 

6030 

8834 

26 

D 

Dl 

B 

2730 

0  3175 

5063 

4132 

0.2099 

6674 

5946 

0.1457 

8507 

27 

D 
Dl 

1 

2531 
0.3555 

3831 
0.2349 

5514 
0.1632 

B 

4882 

6435 

8203 

28 

D 

Dl 

B 

2354 
1  0  3965 

3562 

0  2620 

1      6214 

3321 

5127 

0.1820 

7920 

29|  D 
Dl 

1 

4780 

0.2911 

0.2022 

. 

B 

6006 

7656 

30 

D 

Dl 

B 

3103 
0  3222 

4466 

0.2239 

[      7409 

31^ 

D 

Dl 

B 

418S 

0.2470 

7178 

32^ 

D 

- 

3925 

Dl 

I  0  2717 

1  SISIE  surfaced  one  side  and  one  edge. 
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STEEL  BEAMS  AKD  GIRDERS 
Bt  AiiFRED  Wheeler  Roberts 

Beams  of  Ingection  are  the  steel  beams  in  most  common  use.  In  beams  of  this  section 
the  greater  part  of  the  material  occurs  in  the  upper  and  lower  portions  of  the  beam  and  where 
it  is  most  effective  in  resisting  bending.  Channels,  angles,  and  tees  are  used  only  to  meet  some 
special  condition.  Channels,  for  example,  are  not  as  economical  as  I-beams  and  require  more 
lateral  support  to  keep  them  from  buckling,  but  they  are  especially  suitable  for  use  as  lintels 
and  around  floor  openings. 

This  chapter  deals  only  with  simple  rolled  sections.  Plate  and  box  girders  are  treated  in 
another  chapter.  For  the  selection  of  sizes  of  steel  beams  see  Art.  1.  For  properties  of  steel 
sections,  see  Art.  25.     For  loads  supported  by  lintels,  see  Art.  29. 

16.  Considerations  in  the  Design  of  Steel  Beams. — Steel  beams  must  be  designed  to 
resist  bending,  shear,  sidewise  buckling  of  the  web,  lateral  buckling  of  the  compression  flange, 
and  excessive  flexure  or  deflection.  (For  derivation  of  formulas  and  for  terms  used,  see  **  Simple 
and  Cantilever  Beams,''  Sect.  1.) 

16a.  Bending. — The  section  modulus  must  be  sufficient  so  that  the  external 
bending  moment  will  be  safely  resisted.  The  section  modulus  required  is  found  by  dividing 
the  bending  moment  in  inch  pounds  by  the  allowable  extreme  fiber  stress  in  pounds  per  square 
inch.     The  fiber  stress  usually  allowed  is  16,000  lb.  per  sq.  in. 

166.  Shear. — The  web  area,  obtained  by  multiplying  the  depth  of  beam  by  the 
thickness  of  web,  must  be  sufficient  for  the  beam  to  resist  the  maximum  shear  (see  Sect.  1, 
Art.  63d).     The  usual  allowance  for  shear  is  10,000  lb.  per  sq.  in. 

16c.  Buckling  of  Web. — The  tendency  of  the  web  to  buckle  or  crush  occurs 
over  the  supports  and  immediately  under  the  points  of  application  of  concentrated  loads. 
There  is  also  the  tendency  to  sidewise  buckling  near  the  ends  of  a  beam  due  to  the  inclined 
compressive  stress  referred  to  in  Sect.  1,  Art.  64.  With  I-beams  and  channels,  this  inclined 
compressive  stress  need  not  be  considered  in  any  ordinary  case  if  the  beam  is  made  amply 
strong  over  supports. 

Usually  if  a  beam  has  sufficient  section  modulus  to  take  care  of  the  bending  moment,  the 
web  is  sufficiently  strong  as  regards  shear  and  buckling.  The  exception  occurs,  however, 
where  the  span  is  short  and  the  load  heavy. 

The  Cam^ie  Pocket  Companion  gives  the  following  formulas  for  safe  end  reaction  and 
safe  interior  load: 

R  = 

W  = 

in  which 

R  ^  end  reaction. 
W  «  concentrated  load. 
t  «  web  thickness. 

a  =  distance  over  which  the  end  reaction  is  applied. 
ai  B  distance  over  which  the  concentrated  load  is  applied. 

p  =  19,000  —  173-^,  but  never  greater  than  13,000  lb.  per  sq.  in. 

Hie  first  formula  applies  to  any  loading.  Whenever  the  end  reaction  or  concentrated  loads 
are  greater  than  determined  by  the  above  formulas,  then  either  a  beam  must  be  chosen  having 
a  greater  web  area,  or  the  web  of  the  beam  investigated  must  be  reinforced  by  stiffcner  angles 
riveted  to  the  web  and  milled  top  and  bottom  to  bear  against  the  flanges.  It  is  usually  more 
economical  to  use  a  beam  with  greater  web  area  than  to  use  stiffeners. 

The  formula  for  p  given  above  is  based  on  the  column  formula  (19,000  —  100-,  maximum 

r 
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13,000  lb.  per  sq.  iri.)  used  by  the  American  Bridge  Company  and  Carnegie's  Pocket  Companion 

d  /7«"   ' 

(see  Sect.  1,  Art.  97).     The  length  of  the  column  is  taken  as  5  and  r  =   \T7i'   Any  other  column 

formula  could  be  used,  such  as  the  formula  (16,000  —  70-,  maximum  14,000  lb.  per  sq.  in.) 

T 

of  the  Am.  Ry.  Eng.  Assn.     Substituting  the  proper  values  for  L  and  r  in  this  formula,  we  have 

p  =  16,000  -  121^ 

The  formulas  for  R  and  W  above  given  assume  that  the  length  of  the  web  withstanding  direct 
compression  is  greater  than  the  distance  over  which  the  end  reaction  or  a  concentrated  load  is 
applied.  Some  authorities  consider  only  the  loaded  length  in  direct  compression  which  is 
obviously  on  the  safe  side. 

To  withstand  crippling  of  the  web  due  to  inclined  compressive  stress,  the  intensity  of  the 
vertical  shear  which  is  equal  to  the  intensity  of  this  compressive  stress,  must  be  kept  within  a 
safe  value,  otherwise  stiffeners  must  be  used  or  the  web  thickness  increased.  A  beam  may  be 
amply  secure  against  a  straight  shear  of  10,000  lb.  per  sq.  in.  and  yet  not  have  sufficient  web 
area  to  be  safe  as  regards  web  buckling.  Assuming  the  inclined  compressive  stress  to  act  at 
45  deg.  with  the  neutral  axis  throughout  the  entire  depth  of  beam  and  using  the  American  Bridge 
Company's  column  formula,  the  maximum  safe  unit  value  for  the  shear 

V  h 

:j;  =  19,000  -  488^ 

in  which  h  =  the  distance  between  the  flange  fillets.     Using  the  A.  R.  E.  A.  formula 


The  Cambria  Steel  Handbook  gives 


V  h 

^,  =  16,000  -  342-, 
at  I 


V  12,000 

dt 


^  "*"  150a« 
based  on  the  Gordon  column  formula. 

16rf.  Deflection. — In  some  cases  the  deflection  may  be  the  governing  feature  in 
selecting  a  suitable  section  for  a  beam,  instead  of  the  load  it  carries.  For  example,  a  beam 
may  deflect  sufficiently  to  crack  a  plastered  ceiling,  or  to  crack  a  marble  or  mosaic  floor,  because 
the  proportion  of  the  depth  of  the  beam  to  its  span  is  not  sufficient.  It  will  be  found  that  a  good 
workable  proportion  of  the  depth  of  a  beam  to  its  span,  where  excessive  deflection  is  to  be 
avoided,  is  that  the  depth  of  the  beam  should  not  be  less  than  Ko  of  the  span,  and  that  the 
deflection  should  not  exceed  J^eo  of  the  distance  between  supports.  However,  where  the 
deflection  is  not  serious,  as  in  mills,  shops,  etc.,  it  is  good  practice  to  make  beams  K4  of  the  span 
in  depth,  and  for  roof  purlins  of  mill  buildings,  J4o  of  the  span  if  the  roofs  are  Hth  pitch  or 
steeper. 

166.  Lateral  Support  of  Compression  Flange. — The  compression  flange  of  a 
beam  is  really  a  column  and  may  fail  by  buckling  laterally.  If  beams  are  without  lateral  sup- 
port for  a  distance  exceeding  about  20  times  the  flange  width,  their  carrying  capacity  should  be 
reduced  in  accordance  with  table  to  be  found  in  most  any  steel  handbook.  Each  table  in 
common  use  is  based  on  some  one  of  the  column  formulas  (Sect.  1,  Art.  97)  making  due  allowance 
for  the  strengthening  action  of  the  web. 

A  formula  in  common  use  is  the  following  modified  Gordon  column  formula  used  in  Cambria: 

18,000 


I* 

1  + 


30006* 


in  which  p  =  allowable  stress  in  pounds  per  square  inch,  I  =  length  between  lateral  supports 
in  inches,  and  b  =  width  of  flange  in  inches.     When  p  =  16,000,  r  =  19.37,  showing  that  lateral 
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bending  must  be  considered  in  beams  where  the  maximum  length  of  unsupported  compression 
flange  is  greater  than  about  20. 

In  most  cases  in  floor  framing  a  beam  is  braced  laterally  either  by  other  beams  framing 
into  it  or  by  the  floor  construction  itself,  but  cases  do  arise  where  conditions  leave  a  beam  un- 
braced for  an  excessive  distance. 

17.  Multiple  Beam  Girders. — Two  or  more  beams  placed  side  by  side  and  connected  by 
means  of  bolts  and  separators  are  used  where  a  single  beam  would  not  be  sufficient  to  carry 
the  loads  imposodi  where  there  is  not  sufficient  head  room  to  use  a  deep  member,  or  where  a 
wide  member  is  needed  either  to  give  sufficient  lateral  stiffness  or  to  provide  a  suitable  support 
for  a  wall.  The  separators  should  fit  closely  between  the  flanges  of  the  beams  and  should  be 
placed  at  the  support,  at  points  where  concentrated  loads  occur  and  at  regular  intervals  of  5  or 
6  ft.  along  the  beam  in  order  to  insure  that  the  beams  will  act  as  a  unit  both  vertically  and 
laterally. 

Gas-ppe  separators  should  not  be  used  in  this  typo  of  girder,  but  may  be  used  in  grillage 
beams  or  girdei^s  which  are  to  be  filled  in  with  concrete.  The  cast-iron  separator  is  generally 
used  in  multiple  beam  girders,  but  owing  jto  its  uncertainty  of  being  true  and  square,  it  is  better 
construction  to  use  built-up  steel  separators  or  diaphragms  made  up  of  plates  and  angles. 

If  the  loads  are  not  delivered  equally  to  each  member  of  a  multiple  girder,  each  member 
should  be  designed,  as  near  as  practicable,  to  take  its  specific  load  so  as  not  to  depend  any  more 
than  possible  upon  the  separators  equalizing  the  load.  A  good  example  of  this  is  a  spandrel 
section  made  up  of  two  members  carrying  a  wall  and  a  floor  load.  The  outer  member  should 
be  designed  to  carry  one-half  the  wall  load  and  the  inner  member  one-half  of  the  wall  load  plus 
all  of  the  floor  load.  This  will  give  less  chance  for  secondary  stresses  due  to  torsion  which  are 
impossible  to  calculate. 

18.  Beams  with  Cover  Plates. — It  is  sometimes  found  advantageous  to  reinforce  I-beams 
and  multiple  beam  girders  by  adding  cover  or  flange  plates  top  and  bottom.  Such  members 
should  be  figured  considering  the  moment  of  inertia  of  the  total  net  section,  deducting  metal 
to  allow  for  rivet  holes  in  both  flanges.  If  rivets  are  carefully  staggered,  only  one-half  of  this 
number  need  be  deducted.  The  plate  should  be  riveted  with  sufficient  rivets  to  develop  the 
stress  in  the  cover  plate  beyond  the  point  where  the  plate  is  actually  needed.  For  method 
of  computing  rivets  connecting  cover  plates  to  flanges,  see  Art.  55.  The  length  of  flange  plates 
may  be  determined  in  the  same  manner  as  for  plate  girders  (see  Illustrative  Problem,  p.  185). 
It  is  sometimes  necessary  and  is  good  construction  in  the  case  of  a  girder  carrying  a  wall,  to 
run  the  top  flange  plate  the  full  length  of  the  girder,  to  make  an  even  surface  on  which  to  build 
the  wall. 

19.  Double-layer  Beam  Girder. — A  type  of  beam  girder  constructed  by  placing  one  beam 
on  top  of  the  other  and  riveting  the  top  flange  of  the  lower  beam  to  the  bottom  flange  of  the 
upper  beam  to  take  up  the  horizontal  shear,  will  be  found  a  very  effective  girder.  Flange  plates 
or  channels  can  be  riveted  to  the  extreme  flanges  of  the  beams  and  a  high  amount  of  efficiency 
can  be  developed  from  this  form  of  girder.  It  is  important,  however,  to  make  certain  that  the 
horizontal  shear  between  beams  is  properly  taken  care  of  by  the  rivets  and  that  the  web  is 
sufficient  to  withstand  buckling.  Although  not  usually  as  economical  in  material  as  a  plate 
girder  or  a  very  deep  beam,  it  will  prove  advantageous  to  use  when  deep  beams  and  plate  girder 
web  plates  are  not  readily  available.  The  cost  of  shop  work  on  this  type  of  girdei  is  a  great 
deal  lower  than  on  plate  girders. 

20.  Tie-beams. — A  tie  or  tension  beam  is  one  which  takes  transverse  stress  and  direct 
tension  at  the  same  time.  Probably  the  best  example  of  such  a  beam  is  a  bottom  chord  of  a 
truss  which  is  taking  tension  and  at  the  same  time  acting  as  a  beam — for  instance,  supporting  a 
ceiling  or  a  concentrated  load  between  panel  points. 

In  designing  a  member  of  this  kind  care  should  be  taken  that  the  extreme  tension  fibers 
are  not  over  stressed.  As  the  maximum  fiber  stress  cannot  be  calculated  directly,  it  may  be 
necessary  to  make  trials  with  several  sections  before  the  proper  section  can  be  determined.  The 
method  of  procedure  is  as  follows:  (1)  Calculate  the  bending  moment  in  inch-pounds  due  to  the 
beam  action,  (2)  select  a  member  for  trial  and  divide  the  bending  moment  by  the  section  modu- 
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lus  of  the  member  selected — the  result  gives  the  stress  per  square  inch  on  the  extreme  fiber  due 
to  bending,  (3)  divide  the  amount  of  tension  by  the  area  of  the  cross  section  of  the  member 
selected  for  trial — the  result  gives  the  stress  per  square  inch  due  to  tension,  and  (4)  add  these 
two  stresses.  If  the  sum  of  the  stresses  is  not  greater  than  the  allowable  stress  per  square  inch, 
the  member  is  acceptable.  If  the  member  does  not  fit  requirements,  another  section  should  be 
selected  and  the  calculations  repeated. 

21.  Strut-beams. — A  strut  or  compression  bearn^  is  one  which  is  subjected  to  combined 
compressive  and  transverse  stresses.  An  illustration  of  a  beam  of  this  kind  would  be  a  top 
chord  of  a  truss  subjected  to  direct  compression  and  also  taking  bending  due  to  a  concentrated 
load  between  panel  points.  Still  another  illustration  would  be  a  column  carrying  its  load  and 
taking  bending  due  to  wind  or  other  forces. 

A  member  of  this  type  can  be  designed  in  a  manner  similar  to  that  explained  above  for  tich 

beams.     The  extreme  compression  fibers  should  be  investigated,  however,  instead  of  the  tension 

fibers.     The  column  formula  should  be  used  to  determine  the  maximum  allowable  fiber  stress. 

Another  anal3rsis  of  this  type  of  beam  is  the  same  as  used  on  colunms  which  take  axial  loads 

and  bending.  By  this  method  an  equivalent  axial  load  is 
computed  from  the  bending  moment  to  add  to  the  direct  load 
and  then  the  member  is  designed  as  a  column. 

The  method  of  procedure  is  as  follows:  (1)  Calculate  the 
bending  moment  in  inch-pounds  due  to  the  beam  action;  (2) 
select  a  member  for  trial;  (3)  multiply  the  bending  moment 
by  the  distance  from  the  neutral  axis  to  the  extreme  fiber  and 
divide  by  the  square  of  the  radius  of  gyration — ^the  result 
gives  the  equivalent  axial  load,  due  to  the  bending  on  the 
compression  fibers;  (4)  add  the  equivalent  and  direct  axial 
loads;  (5)  design  the  member  to  take  these  combined  loads 
^    using  the  column  formula. 

82.  GfUlage  Beams. — Grillage  beams  are  beams  used 
under  columns  in  foundations  for  the  purpose  of  distributing 
the  column  loads  over  a  wide  foundation  bed.  Steel  beam 
grillages  are  made  up  of  one  or  more  layers  of  beams,  the 
layers  being  built  up  in  the  manner  shown  in  Fig.  4. 

The  space  between  the  flanges  of  the  beams  should  not 
be  less  than  2)4  in.,  so  as  to  permit  the  proper  tamping  of  the 
concrete  in  which  all  grillage  foundations  should  be  incased. 
The  distance  between  the  flanges  should  never  exceed  3  times 
the  flange  width. 

Beams  should  be  provided  with  gas-pipe  separators  spaced  near  the  ends  and  immediately 
under  points  where  concentrated  loads  are  applied  in  order  to  insure  that  the  beams  will  act  as  a 
unit.  A  double  line  of  separators  should  be  provided  for  all  members  over  8  in.  in  depth.  Cast- 
iron  or  built-up  steel  separators  are  not  desirable,  as  they  break  up  the  continuity  of  the  concrete. 
Material  for  grillages  should  not  be  painted  as  the  concrete  b  a  preservative  against  rust  and 
corrosion,  and  the  concrete  will  bond  more  readily  to  an  unpmnted  surface  of  steel. 

The  bearing  area  of  a  grillage  is  generally  taken  as  the  length  multiplied  by  the  out  to  out 
distance  of  the  extreme  flange  edge  providing  beams  are  to  be  encased  in  concrete.  Some  speci- 
fications and  building  codes  permit  the  above  width  plus  the  width  of  the  upper  outer  flanges 
on  both  sides,  on  the  basis  that  the  concrete  tamped  under  these  flanges  distributes  the  bearing 
to  the  concrete  adjacent  to  the  lower  outer  flanges. 

The  column  base  should  be  designed  so  that  the  load  will  be  distributed  in  direct  bearing 
to  the  webs  of  the  beams,  at  the  allowable  unit  bearing  stress  for  steel  on  steel  which  usually 
means  that  stiffener  angles  must  be  used  on  the  bottom  of  the  columns  or  on  the  beam  webs. 
This  form  of  construction  can  be  avoided  by  the  use  of  a  rolled  steel  slab  of  the  proper  thickness 
to  distribute  the  loads  over  the  grillage  webs,  or  it  is  sometimes  possible  to  place  the  grillage  ao 
that  suflicient  area  of  the  column  bears  directly  over  the  webs  of  the  grillage  beams  to  give  the 
required  bearing  area. 
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The  beams  in  a  steel  grillage  should  be  figured  for  bending,  shear,  and  buckling.  The 
buckling  due  to  direct  compression  in  a  lower  layer  is  likely  to  occur  where  the  web  of  the  upper 
grillage  bears  on  the  web  of  the  lower  grillage.  In  the  top  layer  the  tendency  to  buckling  comes 
from  the  direct  application  of  the  column  load.  Likelihood  of  the  web  buckling  due  to  inclined 
compressive  stresses  should  also  be  investigated  in  grillage  beams. 

Some  engineers  in  designing  grillages  consider  that  inasmuch  as  the  beams  are  incased  in 
concrete  and  held  together  with  separators,  that  the  webs  are  not  subject  to  buckling,  as  they 
are  braced  sideways  and  cannot  buckle.  With  this  assumption  the  webs  are  figured  for  bearing 
only,  using  the  allowable  unit  bearing  stress  for  steel  on  steel. 

As  channels  make  the  best  sections  to  resist  shear  and  buckling,  owing  to  their  thick  webs, 
4  channels,  placed  back  to  back  in  pairs,  which  are  capable  of  taking  the  shear  and  buckling, 
make  an  economical  design  for  the  upper  layer  of  a  grillage,  where  there  is  no  restriction  to  the 
dimensions  in  either  direction.  These  channels  should  be  developed  for  their  full  length  in 
bending. 

28.  Inlonnation  Regarding  Illustrative  Problems. — Following  are  a  number  of  illustrative 
problems  pertaining  to  di£ferent  kinds  of  beams  and  girders.  (For  methods  of  computing  reac- 
tions, shear,  and  moment,  see  chapters  in  Sect.  1.)  Some  of  the  unit  working  stresses  may  not 
agree  with  those  which  are  allowable  for  certain  building  codes  or  specifications,  but  they  will 
tend  to  show  the  principles  explained  in  the  text  of  this  chapter  and  other  quantities  may  be 
substituted  to  suit  the  individual  problem  as  it  arises.  In  calculating  the  bending  moment 
and  section  modulus  of  different  problems,  it  will  be  found  much  more  convenient  to  compute 
moments  in  thousands  of  foot-pounds  and  multiply  by  three-fourths  (^)  to  obtain  the  section 
modulus.  The  illustrative  problems  following,  however,  are  worked  out  in  inch-pounds  for 
bending  moments,  but  the  aforesaid  method  will  be  found  a  big  saver  of  time  for  the  experienced 
engineer. 

ninstratlTe  Problem. — Beam  with  a  Uniformly  Dietributed  Load. — What  sise  beam  is  required  to  carry  a 
uniformly  distributed  load  of  1000  lb.  per  lin.  ft.  over  a  span  of  18  ft.,  aBsuming  that  the  beam  is  su£Soiently  braced 

laterally?  

Total  load    -  (18)  (1000)  -  18.000  lb.  mMfOOOlb^perli^  ^fd^itW 

18.000  "^^^ ''^ ' ^^ 


fii  -  fit  -  — ^ —  -  9000  lb.  ij ^Q._^ 


A 


(18.000)(18)(12)  _  .^000  in  Ih  A?-  ^• 

^ 8 *^'^  "*•"'*'•  sSw/A  90000,. 

'486^000 

^  16.000       ^-^  F»°-  «• 

By  referring  to  a  table  of  pr(4;>erties  of  beams  it  will  be  seen  that  a  10-in.  40-lb.I  has  a  section  modvlus  of  31.7; 
but,  as  a  12-in.  31.54b.  I  has  a  section  modulus  of  36,  the  12-in.  beam  is  the  more  economical,  besides  being  more 
readily  obtained. 

The  beam  should  next  be  investigated  for  shear.     Area  of  cross  section  of  the  web  of  the  12-in.  beam  *  (12) 
(0^)  -  4.2  sq.  in. 

-TK  ■  2142  lb.  per  sq.  in. 

As  the  allowable  shearing  stress  is  lO.OCX)  lb.  per  sq.  in.,  this  section  is  ample  to  withstand  the  shear. 

This  problem  could  readily  be  solved  by  using  the  tables  of  safe  uniform  loads  for  I-beams  in  the  steel 

)/&      mMO%^  handbook. 

11^      /^  w/a  niastrative  Problem.— Beam  With  Concentrated  Loads. — What  sise 

,  ,Jt  beam  will  be  required  to  carry  two  concentrated  loads  over  a  span  of 

'  ^^.L   ^'^  -ti^'   1^  ^®  ^*"  ^****  ^^  loads  spaced  as  shown  in  Fig.  6? 

^^..i^^O'-^itf^J'O-^  (7)(15,000)  +  (13)(12,000)       , .  ^^  « 


^ 


o       A                                                       p    _  (5)(12.000)  +  (11)(15,000)       ,o«w>iK 
Pio,  6.  »«  ■  jg -'  12.500  lb. 

The  point  of  maximum  bending  moment  is  at  the  point  of  no  shear — that  is,  where  the  shear  changes  sign.     The 

point  d  maximum  bending  in  this  particular  case  will  be  at  the  right-hand  concentrated  load,  or  at  point  *'  ii'* 

shown  in  the  figure. 

ii  -  (12,500)(7)(12)  -.  1,060,000  in.-lb. 
^  ,       1,060.000       „_ 

•  ^  "  -167000-  "  ^-^ 

By  referring  to  a  table  of  properties  of  beams  it  will  be  seen  that  a  15-in.  60-lb.I  has  a  section  modulus 
of  81.2  and  that  an  18- in.  bMh.  I  has  a  section  modulus  of  88.4.  Since  the  18-in.  beam  is  of  less  weight  besides 
derdoping  more  efficiency,  it  will  be  used. 


120  HANDBOOK  OF  BUILDINO  CONSTRUCTION  [Sec.  2-23 

Area  oi  cross  seotion  of  web  of  an  18-in.  55-lb.I  «  (18) (0.46)  —  8.3  sq.  in.     Maximum  shear  *  14,500  lb. 

Therefore 

14.500 


8.3 


-i  1746  lb.  per  sq.  in. 


As  the  allowable  shearing  stress  is  10,000  lb.  per  sq.  in.,  this  section  is  satisfactory  fof  shear. 

Illustrative  Problem. — Beam  With  Load  Concentrated  at  Center. — What  sise  beam  will  be  required  to  carr>'  a 
center  load  of  20,000  lb.  on  an  18-ft.  span? 

R,  -  i2,  -  ^^  -  10,000  lb. 


^  _  (20.000)  (1 


^•E^^fc^f^fi-  5-L08aooo.g.. 

PxQ.  7.  By  referring  to  a  table  of  properties  of  beams,  it  will  be  seen  that  a  15" 

in.  60-lb.I  has  a  section  modulus  of  81.2,  but  since  an  18-in.  55-lb.  I 
develops  a  section  modulus  of  88.4,  it  is  more  economical  to  use  the  18-in.  section.  Investigating  for  shear  it  will 
be  found  that  the  18-in.  beam  has  an  area  of  web  cross  section  of  (18)  (0.46)  «  8.3  sq.  in.  The  maximum 
shear  -  10.000  lb.     Therefore 

10.000       ,„«.  « 
-  -     —  1204  lb.  per  sq.  in. 

As  the  allowable  shearing  stress  is  10,000  lb.  per  sq.  in.,  this  section  is  ample  for  shear. 

This  problem  could  be  solved  by  using  the  tables  of  safe  uniform  loads  for  I-beams  given  in  the  steel  handbook. 

Illustrative  Problem.— CanliTevcr  Beam. — What  sise  beam  will  be  required  to  safely  sustain  the  loads  showr 
in  Fig.  8? 

To  ascertair  Rt,  take  moments  about  Ri  as  follows:  f^'iXfflh 


R.  -  (5000)(7)  ^  (12.000)(18)  ,  ^^^3^^  ,^^ 


I'txirOk    joooh    i^ccom} 


l3 *"'^"'  '^'  L-r.^^e-^'-i^r^A 

To  find  «i,  take  moments  about  Ri,  ot  '  ^307ib 

«,  .  (lg.000)(5)  -  (SOOOKg)  _  2307  lb.  F.o.  8. 

lo 

As  a  beam  must  be  in  equilibrium,  the  sum  of  the  loads  must  be  equal  to  the  algebraic  sum  of  the  reactions  and 
it  will  be  seen  from  the  diagram  that  in  order  for  the  forces  to  balance  there  must  be  a  downward  force  at  R%  of 
2307  lb.  to  resist  the  uplift  at  that  point. 

The  maximum  bending  moment  occurs  at  support  Ai,  or 

M  -  (12.000)  (5)  (12)  -  720,000  in.-lb. 
_       720.000  _  ,, 

^  "  leiooo  "  ^^ 

m 

By  referring  to  a  table  of  properties  of  beams  it  will  be  seen  that  a  15-in.  42-11. 1  has  a  section  modulus  of  58.0  and 
will  satisfy  the  bending. 

The  maximum  shear  of  12,000  lb.  occurs  immediately  beyond  the  support  of  the  cantilever  portion.     A  15-iii. 
42-lb.I  has  a  web  area  of  (16)  (0.41)  »  6.15  sq.  in.     Therciore 

12,000 


6.15 


*  1951  lb.  per  sq.  in. 


It  is  evident  that  the  section  is  satisfactory  as  regards  shear. 

The  web  should  be  investigated  for  buckling  to  ascertain  how  much  bearing  it  should  have  on  the  supporting 
column  at  Rt.     Using  the  formula 

p  -  16.000  -  121  f 

from  Art.l6c,  and  sssuming  only  the  loaded  length  in  direct  compression 

p(o  -  /2t  -  19,307  lb. 

p  .  16.000  -  '-^Z'l''^'  "'^^0 

Fig.  9.  a  -  ^^^~ =  4  1  in 

^       (11.570(0.41)       ^•^*"- 

Illustrative  Problem. — Tie  Beam. — Design  the  member  AB  in  Fifc.  9  to  carry  a  concentrated  load  of  12,000  lb. 
as  shown,  and  to  take  simultaneously  a  tensile  stress  of  50.000  lb. 
The  bending  moment  due  to  the  concentrated  load 

M  .  "'■»«''W"^>  -  216.000  in..Ib. 

*  « 

For  trial,  select  a  section  composed  of  two  10-in.  15-Ib.  channels  which  have  a  total  S  of  26.8.     Then  the  stress  on 

the  extreme  fiber  due  to  bending  will  be 

.        216.000       _-„  ,. 
/i  -  — s^a-5—  -  8059  lb.  per  sq.  in. 
Jo. 9 
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Tbe  ttress  per  tquAre  ineb  due  to  tension  will  be  the  strees  divided  by  the  area  oi  the  section,  cat 

,        50,000       »-/»-  ii_ 

/«  -     ago     ■  *®^  '**•  P®'  ■*!•  "*• 

Then  tbe  total  stress  on  the  extreme  tension  fiber  will  be 

/i  +  />  ~  13,664  lb.  per  sq.  in. 

Therefore  the  member  selected  is  satisfactory. 

Care  must  be  taken  that  there  is  no  metal  taken  from  the  section  due  to  punching  at  the  center  where  the 
stress  is  s  maximum  sufficient  to  reduce  the  section  to  the  point  of  overstressing  tbe  member.  At  tbe  ends  cf  AB, 
the  bending  moment  is  sero,  so  the  net  section  at  these  points  will  only  have  the  direct  tensile  stress  to  take  care  of. 

nhtstrative  Problem.^^tru/  Beam. — What  size  member  will  be  required  to  carry  a  concentrated  load  of  10,000 
lb.  at  the  center  of  a  span  of  8  ft.  and  take  a  direct  compressive  stress  of  20,000  lb.  7 

U  -  ('0.°«»<»)(")  .  240.000  in.-lb. 

For  trial  select  a  section  composed  of  two  9-in.  IzyiAb.  channels  each  of  which  has  a  radius  of  gyration  about  the 
principal  horisontal  axis  of  3.49  and  an  area  of  7.78  sq.  in.  mom  A 

Using  the  A.  R.  E.  A.  dolumn  formula  ^j 

P-  18.000 -70^  j^^^^_^ 

the  member  is  found  to  carry  as  a  column  14,110  lb.  per  sq.  in. — that  is,  I* — ^^^-— »| 

p  -  16,000  -  70^  -  14,110  lb.  per  sq.  in.  Fio.  10. 

As  the  maximum  compression  in  a  column  is  limited  by  the  formula  used  to  14,000  lb.  per  sq.  in.,  the  column  will 
safely  carry  (7.78)  (14,000)  «  108,920  lb.  The  amount  to  be  added  to  the  direct  compression  due  to  bending  is 
(see  Art.  21). 

(240.000)(4.5)  _  -^  ™  ,. 

The  sum  of  the  direct  and  equivalent  axial  loads  is 

20,000  +  88,669  -  108,669  lb. 
Therefore  the  member  selected  is  satisfactory. 

lllttstrative  Problem. — Single  Layer  OrUlaoe. — What  size  grillage  will  be  required  to  carry  a  10-in.  H-colomn 
with  a  load  of  200,000  lb.  and  an  allowable  bearing  pressure  on  the  foundation  of  20,000  lb.  per  sq.  ft.? 
The  srea  required  to  distribute  the  load  over  the  foundation  is 

200,000       ,^ 

2o;ooo  "  ^°  ^'  "• 

AMuming  that  the  grillage  is  properly  incased  in  concrete,  the  webs  will  not  be  figured  for  buckling—only  for  shear 
and  bearing.  A  grillage  of  this  kind  can  be  placed  under  an  H-column  so  that  the  greater  part  of  the  column  shaft 
bears  directly  on  the  webs  of  the  grillage.    The  longitudinal  distribution  of  the  column  load  will  be  the  width  of  the 

faf  column  flange  plus  twice  the  thickness  of  the  base  plate  (10  +  2  * 

*^  12),  assuming  the  load  to  be  distributed  at  an  angle  of  45  d^. 

tbeycMid  the  edge  of  the  column  shaft.     Figuring  bearing  of  steel  on 
steel  at  20,000  lb.  per  sq.  in.,  the  direct  bearing  area  required  is 
'  200.000       ,- 

2o;ooo--^«»^'°- 

As  the  length  is  already  determined  as  12  in.,  the  thickness  required 
for  each  web  is 

Pio.  11.  (l^Ki)  "  °^^ 

assuming  4  channels.     Considering  the  width  of  the  grillage  distributing  to  the  foundation  to  be  9K  +  (4)  (3)  * 
21H  in.  (see  Art.  22)  and  as  an  area  of  10  sq.  ft.  or  1440  sq.  in.  u  needed,  the  length  of  the  grillage  will  be 

1440       ^„,        ^ 
2J5  -  67  in.     Then 

M  -  (?2^)  (t  ~  0  "  ^'375.000  in.-lb. 

1,375.000    _ 
°  "  (16,000)(4)       ^^' 

km  the  point  of  maximum  shear  occurs  at  the  edge  of  the  base  plate,  the  total  maximum  shear 

F  -  gg^  °^  ;"- 82.088  lb. 

Then  the  amount  of  area  required  in  the  web  of  each  member 

82.088  «^- 

"-woo.ooo) -*'»*••'»• 

Therefore  each  of  the  4  channels  should  have  the  following  properties 

Section  modulus  »  21.4 
Web  thickness  «  0.208  in. 
Web  area  -  2.05  sq.  in. 
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Bjr  rtfoiriag  ta  a  t»ble  of  prc>p«rt&ea  of  clunDelt,  a  IS-in.  BOH'Jb.cbAnaelu  found  tobAve  AieetionmodiillBof  31-4, 
■  wsb  thickD^  of  0  28  in.  ud  &  web  oih  of  (12)  (0.2S)  -  3.3a  w].  in.     Thcnfore  thu  HctioD  wIU  meet  Ul 

DlnttraliTe  Ptoblta.—DoubU  Euvn-  OriUnoi.— Wiist  liu  triJiacc  will  be  required  to  avry  ■  li-in.  H-ooIudib 
oitli  mload  of  400.000  lb.,  the  sllDitable  bMring  pieauie  on  tbe  foundation  beinf  IS.OOO  lb.  parwi.  fl.T  Ai  the 
usumptiaa  will  be  mule  tbnt  then  ue  no  limiutlaiu  dd  the  dimeuiiiiiai  at  tbii  EiiUase,  the  Bret  eUp  i>  lo  lelect  k 
section  foe  the  top  layer  u  eipluned  in  tbe  preceding  problem.  It  la  found  that  four  IZ-in.  2fr-lb.  ehsnneLi  will 
aaTDLf  resiat  the  beuinc  and  abeaT  azid  will  aafely  develop  a  length  of  46  in. 

The  length  of  the  lower  layer  b  determined  aa  foOowa: 
400.000 


IG.000)(3.S3) 


S,  any  T  ft. 


total  beiriin<  moment  on  the  lower  (rillace 
H  -  (^i^)("  -  ")  -  l«».0O»I...H. 

the  lower  grillace  ia  oompoaed  of  G  beama  plaoed  on  10- 

a.900,000 
^       (16.000)(S1       ^-^ 
b.Iia  found  tohaieawetion  moduluaof44.Band  there- 


Sine*  tha  ewtion  w 
The  amount  of 
webi  of  the  lower  layer  ie 

*M.°^-20«i  in. 

20,000  ^ 

Therefore  «t  each  point  of  the  tan  inleneotione  of  the  two  layers  there  ihould  be  2  aq.  in.  The  webe  of  the 
layer-have  (2)  (0,3S)  (5.25)  -  4.09  BQ.  in.  and  the  webe  of  the  lower  layer  (0.46)  <S)  (3.05)  -  S.BOaq.  in. 

Ae  all  DonditiooB  ale  eatiafied,  the  five  ll-in.  40'lb.rB  will  be  eatietactory  for  the  lower  grillBce. 

DlnttratiTe  Problem.— Btam  Rein/erctd  mill  FlaTitt  i'loWt.— Wbat  load  uniformly  diatributad  will  a 
80-lb.  I'beani  carry  if  the  ipan  ia  40  ft.  and  a  10  X  K-in.  eover  plate  ia  riveted  to  each  StnaeT 

The  firat  thing  to  determine  h  the  net  moment  of  inertia  about  aida  X-X  and  from  that  tha  aection  mi 


two  10  X  H-iO'  pUtel  -  - 
«  of  two  10  X  H-in.  plate*: 


I  of  4  rivet  holea  — 


.ip 


FiO,  14, 
AZO-in. 


C41(1.»)(I1.81)' 

- 

668.444 

1^ 

Not  I  -  2919.541 

*"-""                                 F,».13. 

3  .  ?1'8.541 

-  233.56 

load  «bi< 

:b  thia  section  is  capable  of  aupporl 

ing  includini  thi 

1  weight  of  the  girder  will  be 

(233. 5fl  1(16,000 1(8 

-  -  62,283  lb. 

{40)112) 

with  apan 

of  25  It,.  wUl  be  re 
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)a«d  of 

17.000  lb. 

applied  from  one  i 

.ide  of  the  gird. 

(rooly  and  iB  addition  to  car. 

load  of  48,000  lb.  equally  diet 

'>membeTe(Fig,  14)T 
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The  member  o«nying  one-half  oi  the  wall  only  or  24,000  lb.  will  have  a  moment  of 

M  -  ^^'^>3^^^<^^^  «  900.000  in.4b. 
900.000  _  ^  « . 

A  15-in.  42-lb.I  has  a  section  modulus  of  58.9  and  is  the  seetion  selected. 

The  maximum  shear  equals  one- half  the  load,  or  12,000  lb.  The  web  of  a  15-in.  42-lb.I  is  good  for  (16)  (0.41) 
(10.000)  -  61.500  lb. 

By  proportioning  members  in  a  double-beam  girder  by  this  method,  it  will  carry  the  loads  applied  most  directly 
to  the  members  in  the  most  efficient  manner.     Separators  should  be  provided  as  specified  in  Art.  17. 

IDiutratiTe  Problem. — A  DoubU-layer  Beam  Oirder. — ^What  load  uniformly  disUibuted  will  a  double-layer 
beam  girder  carry  which  is  composed  of  two  18-in.  55-lb.  I-beams  and  has  a  span  of  50  ft.,  assuming  that  the 
member  is  properly  braced  laterally? 

The  first  step  is  to  find  the  inertia  of  the  combined  section  and  from  that  the  section  modulus  about  axis  x--x. 

I  of  the  two  beams      »  1591.2 
(31.86)(9)s         -  2580.66 


Total  I  -  4171.86 

o       4171.86 

^ iF" 

Then  the  safe  carrying  capacity  is 


3  .  il2^  .  231.77 


(231.77)(16.000)r8) 
(12)(50) 


-  49.444  lb.  Fia.  15. 


The  web  is  capable  of  taking  (36)  (0.46)  (10,000)  -  165,600  lb.  in  shear.     The  maximum  shear  on  the  girder 

40  444 

IS  but  ^—^  -  24.722  lb. 

The  next  consideration  is  the  riveting  of  the  two  beams  together.  The  maximum  spacing  at  the  ends  of  beam 
should  be  such  that  there  would  be  sufficient  rivets  in  a  length  equal  to  the  depth  of  the  girder  to  take  the  hori- 
aontal  shear.  The  horixontal  shear  is  equal  in  intensity  to  the  vertical  shear  at  any  point  and  varies  from  a  maxi- 
mum at  the  ends  to  sero  at  the  center  of  the  span.  Since  the  maximum  shear  *  24.722  lb.,  then  the  rivets  at  the 
ends  should  be  spaced,  assuming  two  lines  of  H-in.  diam.  rivets  with  an  allowable  shearing  stress  of  4420  lb.  per 
rivet, 

(36)(4420)(2)       ,^-. 

^ — ^y 12.8  in.  on  centers. 

As  this  theoretical  rivet  spacing  is  not  practical,  the  girder  should  have  rivets  spaced  for  a  distance  at  the  ends 
equal  to  about  the  depth  of  girder  at  not  moie  than  3  in.  on  centeis.  The  rivet  spacing  throughout  the  remainder 
of  the  girder  should  not  be  more  than  6  in.  on  centers. 

It  should  be  noted  that  the  section  modulus  of  this  girder  (231.77)  b  an  increase  of  31  %  over  the  same  two 
beams  if  they  were  placed  side  by  side. 

Cast-iron  lintels 

By  Alfred  Wheeler  Roberts 

Lintels  made  of  cast  iron  are  not  extensively  used  in  present-day  construction,  but  can  be 
used  to  good  advantage  on  certain  kinds  of  structures.  For  spanning  openings  where  a  flat 
soffit  is  desirable  and  no  plastering  is  needed,  and  also  for  use  over  store  fronts  where  cast-iron 
columns  are  employed,  lintels  of  cast  iron  make  a  good  practical  form  of  construction  and  can  be 
fluted  on  the  outside  face  or  otherwise  ornamented. 

On  account  of  the  many  chances  of  imperfections  in  a  casting,  such  as  blow  holes  and  cracks 
due  to  imeven  cooling  of  the  elementary  portions  of  the  lintel,  cast  iron  is  not  the  most  depend- 
able metal  to  be  used  in  an  important  structural  member.  In  any  piece  of  cast  iron  there  is 
always  an  internal  initial  stress  produced  during  the  process  of  cooling,  and  since  this  stress  is 
an  unknown  quantity,  it  can  only  be  assumed  as  being  counteracted  by  the-  factor  of  safety 
allowed  in  choosing  the  working  stresses. 

Cast-iron  lintels  should  be  thoroughly  inspected  for  cracks  and  blow  holes  before  they  are 
painted,  as  these  defects  can  be  easily  hidden  by  filling  in  cracks  and  holes  and  painting  over 
them. 
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24.  General  Proportions. — The  width  of  the  bottom  flange  should  be  made  equal  to  the 
width  of  the  wall  that  is  to  be  carried,  or  if  it  is  desirable  or  necessary  to  fireproof  the  lintel,  it 
can  be  made  several  inches  less  than  the  wall  width  to  allow  for  the  fireproofing. 

The  web,  or  stem  as  it  is  sometimes  called,  should  be  made  deep  enough  to  prevent  a  deflec- 
tion which  would  cause  the  wall  to  crack  or  open  up  joints  in  the  brick  courses. 

When  the  bottom  flange  is  sufficiently  wide,  it  is  desirable  to  cast  brackets  at  the  center  of 
the  lintel,  as  shown  in  Fig.  16,  in  order  to  give  lateral  stiffness  to  the  lintel  and  brace  the  stem 
which  is  taking  compression. 

Lintels  with  two  or  three  webs  should  have  a  vertical  cross  piece  cast  at  each  end  connect- 
ing the  webs.     Where  lintels  are  to  be  used  over  more  than  one  span,  the  ends  of  abutting  lintels 

should  be  bolted  together. 

25.  Working  Stresses. — Cast  iron  to  resist  bend- 
ing in  compression  should  be  figured  at  16,000  lb.  per 
sq.  in.  at  the  extreme  fiber.     To  resist  bending  in 
tension  it  should  be  figured  at  3000  lb.  per  sq.  in.  at 
the  extreme  fiber.     The  shearing  stress  should  not  exceed  3000  lb.  per  sq.  in. 

26*  Form  of  Cross  Section. — The  cross  sections  commonly  used  for  cast-iron  lintels  are 
shown  in  Figs.  17,  18,  19,  and  20.  The  ideal  condition  in  designing  a  cast-iron  lintel  from  a 
strictly  theoretical  and  economical  standpoint  is  when  the  metal  in  compression  is  stressed  up  to 
the  same  proportion  of  the  allowable  stress  as  the  metal  in  tension.  This,  however,  is  very 
seldom  possible  due  to  local  conditions  generally  fixing  the  width  of  the  flange  and  the  span  fixing 
the  web  or  stem  depth.  The  ideal  condition,  also,  would  make  the  thickness  in  the  stem  metal 
vary  so  much  from  the  thickness  of  the  flange  metal,  that  there  would  be  the  tendency  for  the 
metal  to  crack  in  cooling  at  a  point  where  they  join  together.  It  is  therefore  advisable  to 
keep  the  metal  thicknesses  uniform  throughout. 

J.  U  JJ.  LU 

Fio.  17.  Fia.  18.  Fia.  19.  Fio.  20. 

27.  Shear. — In  beveling  the  stem  of  a  lintel,  it  should  not  be  beveled  so  much  that  it  will 
not  allow  sufficient  web  area  at  the  edge  of  the  end  supports  to  take  the  shear.  The  outstanding 
legs  of  the  bottom  flange  should  not  be  considered  as  taking  the  end  shear. 

28.  Bending. — The  maximum  depth  of  the  lintel  need  only  be  maintained  as  far  as  it  is 
needed  to  take  the  maximum  bending  moment.  The  stem  can  be  beveled  toward  each  end  with- 
out impairing  the  strength  of  the  lintel,  as  shown  in  Fig.  16.  If  the  load  is  applied  as  a  unifonn 
load,  the  bending  moment  will  vary  as  a  parabola  and  to  be  theoretically  correct  the  top  of  the 
stem  of  the  lintel  should  vary  as  a  parabolic  curve;  but  as  a  straight  bevel  is  more  simple  to 
cast,  it  can  be  made  so,  providing  the  stem  does  not  become  less  at  any  point  than  is  required 
to  give  the  proper  resistance  to  bending. 

29.  Loads  Supported. — In  determining  the  loads  imposed  on  lintels,  the  floor  loads,  if 
any  are  carried  on  the  wall  supported,  should  be  taken  into  account. 

If  the  wall  is  solid  with  no  window  openings  above  the  lintel,  the  wall  will  arch  and  carry 
a  great  deal  of  the  load  to  the  adjoining  wall  which  supports  the  lintel  without  engaging  the 
lintel.  The  portion  for  which  the  lintel  should  be  designed  would  be  a  triangle  whose  base  will 
be  the  span  of  the  opening  and  whose  height  will  be  one-half  of  the  span.  This  is  only  true 
when  the  adjoining  wall  is  sufficient  to  take  the  resultant  thrust  due  to  the  arch  effect. 

If  the  wall  over  the  lintel  has  window  openings  with  piers  resting  immediately  over  the 
lintel,  the  amount  of  wall  and  the  manner  in  which  it  is  delivered  to  the  lintel,  must  be  taken  into 
account. 

Each  individual  case  must  stand  on  its  own  merits  and  the  lintel  designed  accordingly. 
If  the  loads  are  underestimated,  it  will  cause  a  deflection  sufficient  to  crack  the  walls  and  create 
a  permanent  damage  to  the  building  which  would  be  hard  to  remedy. 
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DlustratiTe  Problem. — What  load  will  the  lintel  shown  in  Fig.  21  carry  on  a  12-ft.  span? 

The  location  of  the  neutral  axis  A-A  through  the  center  of  gravity  of  the  section  should  first  be  determined. 
To  do  this  take  moments  of  the  areas  of  each  elementary  section  about  line  B-B  and  divide  by  the  total  area  of  the 
section  (see  Sect.  1,  Art  44) : 

(7)(1)(3.5)  -    24.6 
(12)  (1)  (7.5)  -    90.0 

114.5 

m^  -  6.02  in.  below  line  B-B 

or  1.98  in.  above  lino  C-C 

Having  determined  the  location  of  the  neutral  axis,  the  next  step  is  to  determine  the  moment  of  inertia  (see  Sect. 
1.  Art.  61e): 

(1)(7)» 


12 

(12)(1)» 


28.58 


1.00 


12 

(7)(2.52)*   -  44.46 

(12)(1.48)*  =  26.28 

I  -  100.31 

The  section  modulus  or  moment  of  resistance  of  the  section 

-  100.31       „^  (Tr)(12)(12) 

^  "i:9r       ^'^  (8)(3000) 
Then 

^  (50.66) (3000X8)  ^.,  .. 

^ (I2)(l2) "  ^^  ^^' 

Therefore  the  sectior  in  question  will  carry  8443  lb.  uniformly  distributed  ever  a  ipan  of  12  ft. 

Illustnitive  Problem. — Determine  the  safe  uniform  load  that  the  lintel  shown  in  Fig.  22  is  capable  of  carrying 
on  a  span  of  10  ft. 

The  location  of  tne  nevtral  axis  line  A- A  should  first  be  determined: 

(2)(7)(1)(3.5)  -    49 
(16)  (11      (7.5)  -  120 

169 

-  5.63  in.  below  line  B-B 


169 

30 
or  2.37  in.  above  line  C-C 


To  find  the  moment  of  inertia: 


(2)(1)(7)» 

12 
(16)(1)« 


-     57.16 


1.33 


12 

(2)(7)(2.13)«   -  63.42 

(16)(1.87)«    -  55.84 

1    -  177.75 


Fig.  22.  Then 


Q         177.75  (Tr)a0)(12) 

2.37  "  '^"     (8) (3000) 

^_  (75)(3000)(8)  _  i.nnnih 
^  "       (10)(12)       "  ^^'^  ^^- 


Therefore  the  section  in  question  will  carry  16.000  lb.  utiiformly  distrituted  over  a  span  of  10  ft. 

It  should  be  noted  that  the  least  moment  of  resistance  or  section  modulus  is  obtained  ty  investigating  the 
extreme  tension  fiber,  or  by  dividing  the  moment  of  inertia  by  the  distance  from  the  neutral  axis  to  the  bottom. 

The  bending  moments  of  lintels  should  be  figured  the  same  as  anj  other  I  eem  and  is  dependent  upon  the  way 
the  load  is  applied  to  the  lintel. 

The  section  modulus  required  to  resist  a  bending  moment  in  tension  is  determined  by  dividing  the  moment 
in  inch-pounds  by  3000  lb.  which  is  the  allowable  stress  on  the  extreme  fiber  in  tension. 

The  compression  side  <A  an  cMtiioary  lintel  section  is  generally  much  stronger  than  required  and  therefore  doee 
noi  usually  have  to  be  investigated.     The  question  of  shear,  however,  should  be  considered. 

80.  Table  of.  Strength  of  Cast-iron  Lintels. — The  accompanying  table  gives  the  section 
modulus  of  various  lintel  sections  and  will  cover  most  any  requirement  for  the  usual  wall 
thicknesses.    Some  special  widths  may  be  determined  by  interpolation. 

The  position  of  the  stem  on  a  flange  does  not  alter  the  resistance  of  a  lintel  to  bending. 
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Use  in  Design  of  Cast-iron  Lintels 

Moment  of  Resistance  of  Various  Lintel  Sections 
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REINFORCED  CONCRETE  BEAMS  AND  SLABS 

By  W.  J.  Kktight 


81.  Flexure  Formolas. — ^Assumptions  as  a  basis  for  calculations: 

« 

1.  Within  the  elastic  limit  of  the  steel,  a  plane  section  before  bending  remains  a  plane  after  bending. 

2.  The  unit  stresses  in  the  concrete  in  compression  vary  as  the  ordinates  to  a  straight  line. 

3.  No  tension  exists  in  the  concrete. 

4.  Within  the  elastic  limit  of  the  steel  the  adhesion  between  the  concrete  and  steel  is  perfect. 

5.  No  initial  stresses  exist  in  the  concrete  and  steel  due  to  the  concrete  setting  and  to  contraction  or  expansion 
from  temperature  variations. 

6.  Modulus  of  elasticity  of  concrete  is  constant. 

7.  Calculations  are  made  with  reference  to  working  stresses  and  safe  loads. 

Although  the  above  assumptions  are  not  in  exact  accordance  with  experimental  data,  they  are 
sufficiently  acciu'ate  and  insure  simplicity  in  making  calculation.  The  formulas  follow 
(see  Fig.  23  and  Notation  in  Appendix  A): 

"Pomticm  of  neutral  axis    .  

*  -  V2pn  +  {pn)*  -  pn  (1) 

Arm  of  resisting  couple 

Balanced  value  for  ratio  k 


y.i-±* 


(2) 


ifc- 


Steel  ratio  for  balanced  reinforcement 


^■^f/ 


(8)     «{*!<5*±., 
T     i    / 


p- 


H 


M-^0 


(4) 


5h«9*  Diagram  OotfSKKon 

Fio.  23. 


or 


**  "  6d   "2/. 


When  over-reinforced,  the  resisting  moment  depends  on  the  concrete  and  its  value,  then,  is 


or 


^,      2Af         .         2Af 
fJc)  kjbd* 


When  under-reinf oroed,  the  resisting  moment  depends  on  the  steel  and  its  value,  then,  is 

Af .  -  P/J(W«)  -  UA^d 


bd*  -  -T-.'   or/.  -  -7-r: 
pA;  A*)d 


/.  - 


2M 
kjbd* 


2p/. 


or 

Unit  compressive  stress  in  concrete 

Unit  tensile  stress  in  steel 

M 

li  K  ^  rr^*  then  the  value  of  JT  in  terms  of  steel  stress  is 


f.h 


n(l  -  k) 


/. 


ill 


A^d 

3 


In  terms  of  concrete  stress,  value  of  £  is 


M 


iC.^.-M/c^-MM(l.-^) 


(4il) 

(5) 
(5il) 

(6) 
ifiA) 

(7) 

(8) 

(9) 
(10) 


ntttStrttiTe  Problem. — ^Find  the  values  of  p  and  k  so  that  a  beam  or  slab  will  be  of  equal  strength  in  tension 
and  compression.     Assume  /•  *  16,000,  fe  «  700  lb.  per  sq.  in.  and  n  «  12. 
Substituting  values  in  (4) 


16,000/    16,000 


0.00763 


.D,UUU/     10,UUU         ,        \ 

700    V(12)(700)  "^    ) 

k  -  V'(2)(0.00763K12)  +  (0.00753)  «(1 2) »  -  (0.00753)  (12)  -  0.344 

With  this  combination  of  valuM  for  /«  and  fe  and  with  n  assumed  at  12,  the  steel  (or  M^  will  control  in  any  case 
when  k  is  less  than  0.344  and  the  concrete  (or  Afc)  will  control  when  k  is  grester  than  this  value. 
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When  Af«  controls  and  is  known  for  any  combination  of  unit  stresses,  the  resisting  monrient 
Af«  can  be  found  for  any  other  combination  of  unit  stresses  (n  and  k  remaining  the  same)  by 
proportioning  the  two  values  of /«  and  midtipl3dng  the  known  value  of  A/«  by  the  proportional 
increase  or  decrease.     This  holds  true  when  the  steel  controls  in  any  two  cases. 

niiutratiTe  Problem. — A  4H'in.  slab  with  d  •  ZVi  in.,  A,»  0.28  sq.  in.  per  foot  widtn,  p  -  0.0067  and  k  — 
0.358,  has  a  mcment  M,  «  13,810  in.-lb.,  when  /•  -  16,000,  /•  «  650  and  n  -  15.  Find  the  value  of  M0  by  pro- 
portioning the  two  values  for  /«  for  the  aame  member  when  the  limiting  strcaeca  for  /«  and  /«  are  18,000  and  750 
respectively  and  n  —  15.     The  proportion  that  /•  «  18,000  is  greater  than  /«  *  16,000  is 

18,000  ~  16,000 

16,000  "      ^^ 

The  resisting  moment  required  is 

Af«  -  13,810  +  (0.125X13,810)  -  15.540  in.-lb. 

The  same  condition  applies  in  a  similar  manner  when  the  concrete  (or  Af«)  controls  for  any  two  combinations  ol 
unit  stresses,  the  value  of  Afc  for  one  being  known. 

Illustrative  Problem. — A  4-in.  slab  with  d  »  3  in.,  A»  -  0.20  sq.  in.  per  foot  width,  p  -  0.0081,  k  «  0.385, 
i  -  0.872,  has  a  resisting  moment  Mc  «  11,780,  when  /«  -  16,000,  /«  -  650  and  n  -  15.  Find  the  value  of  M9 
for  the  same  member  when  the  limiting  stresses  for  /•  and  /«  are  18,0(X)  and  750  respectively,  and  n  *  15.  The 
pr(4>ortion  that  /•  —  750  is  greatei  than  /•  ->  650  is 

750-650       ,,  .  ^ 
— 650~  "  ^^'^  ^ 
The  resisting  moment  required  b 

M.  -  11,780  +  a  1,780)  (0.164)  -  13,600  in.-lb. 
or 

Af.  -  (H)  (750)  (0.385)  (0.872) (12) (3)«  -  13,600  in.-lb. 

Ulttstrative  Problem. — Determine  whether  Af« or  Af« controls  in  a  rectangular  beam  when/*  *  16,000, /•  >-  800 
and  n  -•  15,  assuming  steel  ratio  p  —  0.0082,  from  which  k  >»  0.387. 
Sttel  ratio  for  balanced  reinforcement.  Formula  (4) 


16.000/    16.000  \ 

800    V(15)(800)  "*■    ) 


0.0107 


1  n  420 

*  -  ,    ,      16.000-  -  "•^'^       i-  1-^-0.857 

"^  (15)(800) 

Knowing  k  to  hiive  a  value  of  0.429  for  equal  stiength  in  tension  and  compression,  it  follows  that  M»  controls  for 
k  -  0.387. 

As  the  steel  area  A,  or  steel  ratio  p  increases,  k  increases  and  j  decreases  (though  not  in 
the  same  ratio),  for  the  reason  that  as  the  percentage  of  steel  gets  larger,  the  neutral  axis  is 
lowered,  resulting  in  a  greater  numerical  value  for  k  (thus  lowering  the  neutral  plane)  and  a 
lessening  value  for  j  since  the  centroid  of  compressive  stress  is  lowered.  This  condition  will  be 
made  clear  by  application  of  formulas  and  reference  to  stress  diagram,  Fig.  23. 

The  flexure  formulas  can  be  applied  to  any  rectangular  member  in  an  existing  structure  for 
the  purpose  of  finding  the  safe  load  capacity,  or  to  any  rectangular  member  in  a  proposed  struc- 
ture, where  the  structural  sizes  are  to  be  established. 

Illustrative  Problem. — What    will  be  the  values  of  /•  and  A*in  a  beam  12  X  18  in.  reinforced  with  three 
K-in.  roiuds,  for  a  clear  span  of  15  ft.  0  in.  non-continuous  when  sustaining  a  total  load  of  14,000  lb.     d  *  16  in. 

*  -  V(2)(15)(0.0069)  +  (15)»{0.0069)«  -  (0.0069)(15)  -  0.363 
y  _  ,  _  0:|83  _  o.879 

M  -  (1M0°'"«)(")  ,  31S.000  i„,.ib. 
o 
Substituting  values  in  Formula  (7) 

,  (2)(315.000)  _.-,.  . 

^-  -  (0.363)(0.879)(12)(16)»  "  ^''^^'  ^  "^'^^ 
Substituting  values  in  Formula  (8) 

315  000 

'•  -  (OamsTSHie)  -  ^^•^°  "•■  P*'  •"•  '"• 
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niiutntfTe  PniU*D. — A  rMtsncutir  bmin  30  l(.M)  in.  spbd.  non-oontimiaui.  is  requited  to  support  a  btieli 
waU  I8ln.Uiiokuull2tl.0iB.  higb.     Find  Cbe  dspth  J  und  steel  ere*  A,,  when /.  -  lS,000uid/.  -  750.  (ur  equt     . 
■trongth  in  tannan  ud  oampressioD.     The  width  b  is  fiied  to  conforni  to  thiekaen  of  bilak  wall.     &  -  IS  in. 


SS.200 
-  3.069,000  JD.-lb. 
,  for  baUnctd  niofDri 


Tiluaa  /.  (Dd  /.  ars  balaDMd,  eubttituta  in  eitbsi  Formula  (54)  o[  (OA).     From  Formula  <fiA) 

(2)(3.0afl.0001  jiflin 

■  (181(7501  (0.386)  (0.872)'  "  " 

fcrf,       JW         J,  3.flaB.Q0Q  . 

pW  (IS) (0!0080) (1 8,000) ^0.872)'  s'-w  ™- 

From  Formula  MX) 

A.  -  (0.00S0)a8)(41.S)  .  tt.04  eq.  in. 
For  practioal  reuou  make  d  -  42  Id.  (h«  Fii.  24). 

Slo,  Use  of  Tables  end  Diagrams. — After  the  application  of  formulaa  in  the 
design  of  rectangular  beams  and  solid  filaba  is  thoroughly  understood,  the  designer  should  resort 
to  the  use  of  tables  and  diagrams  such  as  illustrated  in  subsequent  pt^es.  Tabular  values  are 
given  for  k  and  j  for  various  percentages  of  steel,  also  diagrams  giving  the  values  K  =  t-j,  for 
the  various  steel  and  concrete  atressea,  and  at«el  ratios  p.  Using  these  tables  and  diagrams  will 
aot  only  result  in  lessening  the  amount  of  work  and  time  involved,  but  will  reduce  to  a  minimum 
the  occasion  for  material  errors  when  making  calculations.  ' 

S2.  Lengths  of  Beams  and  Slabs  Simply  Supported. — As  stated  by  the  Joint  Committee, 
the  apan  length  for  beams  and  slabs  simply  supported  should  be  taken  as  the  distance  from 
center  to  center  of  supports,  but  need  not  be  taken  to  exceed  the  clear  span  plus  the  depth  of 
beam  or  slab. 

S8.  Shearing  Stress«8  in  Reinforced  Concrete  Beams. — The  variation  in  shearing  stresses 
in  a  teioforced  beam  diSers  from  that  in  a  homogeneous  beam,  due  to  the  concentration  of  ten- 
sile stress  in   the  steel.     In   Fig.   25  the   opposing  concrete  forces  acting 
through  the  centroid  of  compression  are  represented  by  C  and  C  in  a  short 
portion  of  a  beam,  where  V  represents  the  total  vertical  shear.     T  and  7" 
indicate  the  opposing  tensile  stresses,     u  denotes  the  unit   horiEontal  or 
vertical  shearing  stress  at  any  point  between  the  Bt«el  and  the  neutral  axis, 
and  b  the  width  of  the  beam.     ItfoUows,  then,  since  the  tensile  and  com pres- 
siveforcesorein  equilibrium,  that  C  =  T',  and  C  ^  T.    The  total  hori- 
Eontal shearing  atreaa  upon  any  horizontal  plane,  immediately  above  the  steel  or  between  the 
Bteel  and  the  neutral  axis,  is  T'  -  T.     Then 

T'  -  T 
•--ET-  <') 

From  equality  of  moments,  or  equilibrium  produced  by  the  various  couples, 

Vi  =  {T'  -  Tjjd 
Substituting  the  value  ol  T'  -T  =  "JT  '"  equation  (1),  there  follows: 
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Equation  (2)  gives  the  intensity  of  shearing  stress  for  any  point  between  the  steel  and  the 
neutral  axis.  Since  the  value  of  j  varies  but  slightly  for  various  percentages  of  steel,  the  unit 
shearing  value  v  will  be  only  slightly  affected  if  the  average  ratio  j  =  Ji  is  substituted  in  (2). 
Then 

t;-K~  (3) 

Fig.  26  represents  the  law  of  variation  of  shearing  stress  on  a  vertical  crosssection.  The 
intensity  of  shearing  stress  at  any  point  between  the  steel  and  the  neutral  axis  is  the  same  where- 
as between  the  neutral  axis  and  the  extreme  fiber  of  compressive  face,  the  shear  variation  follows 

the  parabolic  law. 
"fe  For  all  practical  purposes  the  use  of  Formulas  (2)  or  (3)  can  be  relied 

M      upon  to  give  results  within  the  range  of  safety,  although  mathematical 
Pi       accuracy  to  a  degree  of  nicety  for  all  conditions  of  shear,  is  somewhat  lack- 
ing.    Like  other  designing  formulas,  experiments,  theory,  general  practice 
and  application  have  been  given  individual  consideration  in  the  determina- 
tion of  values  and  assumptions  so  as  to  avoid  unnecessary  complications  and  insure  simplicity. 
S4.  Web  Reinforcement 

S4a.  Action  of  Web  Reinforcement. — One  of  the  most  important  and  vital  con- 
siderations in  the  design  of  rectangular  or  T-beam  sections,  consists  in  providing  effective  web 
reinforcement  to  resist  diagonal  tension. 

The  analytical  treatment  of  diagonal  tension  in  homogeneous  beams  is  much  less  complex 
than  in  a  composite  structure.  Owing  to  the  complex  nature  of  web  stresses,  and  particularly 
diagonal  tensile  stresses,  recourse  is  had  to  a  more  simplified  or  convenient  method  of  stress 
determination,  by  assuming  a  vertical  plane  as  a  means  of  measuring  the  intensity  of  diagonal 
tension  at  any  section  of  a  member.  This  assumption  reduces  analytical  treatment  to  its  sim- 
plest form  and  hence  its  adoption  is  universal.  A  member  subjected  to  the  action  of  external 
forces,  develops  diagonal  tension  as  a  result  of  flexural  action.  After  the  concrete  has  reached 
its  limit  of  resistance  to  diagonal  tension,  failure  will  inevitably  occur  unless  vertical  stirrups  or 
bars  bent  up  at  approximately  45  deg.  are  introduced  in  the  proper  proportion  and  at  intervals 
suffioient  to  develop  their  purpose.  Unlike  other  formulas  recommended  for  the  designing  of 
concrete  members,  the  mere  fact  that  the  concrete  must  develop  diagonal  tension  at  the  initial 
loading  before  the  stirrups  or  bent  rods  have  any  material  value,  introduces  an  element  in  design 
heretofore  entirely  neglected  in  assumptions.  The  deformations  in  the  concrete  must  first 
take  place,  which  permits  of  little  stress  to  be  taken  by  the  stirrups  or  bent  rods. 

Due  to  the  many  complications  that  arise  from  stresses  produced  by  diagonal  tension,  which 

is  measured  in  terms  of  shearing  stress  on  a  vertical  plane,  a  complete  analysis  of  the  action  of 

web  reinforcement  does  not  seem  feasible,  therefore  more  or  less  empirical  formulas  and  methods 

have  been  adopted  in  general  practice.  ,  , 

What  is  commonly  termed  ** shear"  is  greatest  at  the  support^ i 1_ 


and  is  equal  to  the  upward  reaction  or  }i  the  total  load  of  the    \\Jr^\Al  iH^^v^^  I 

member,  when  uniformly  loaded.     This  may  be  termed  the  critical  T  "*  ^-N-Viii-^*^  j 

section,  though  many  experiments  have  demonstrated  conclusively   '  «      «-  ' 

that  failure  from  diagonal  tension  does  not  occur  immediately  at 

the  support.  The  appearance  of  failure  in  the  vicinity  of  the  support  and  not  directly  at  this 
point,  in  all  probability  is  caused  in  part  by  the  presence  of  vertical  compressive  stresses  arising 
from  the  reaction  of  the  support,,  which  must  be  resisted,  and  no  doubt  serve  to  diminish  or 
neutralize,  to  some  extent,  the  principal  stresses.  Fig.  27  illustrates  in  a  general  way  the  con- 
ditions developed  by  diagonal  tension.  The  tracks  are  more  pronounced  and  inclined  near 
points  of  support,  and  originate  on  the  tension  side  of  the  beam.  The  function  of  the  stirrups 
or  bent  rods  is  simply  to  prevent  this  condition  and  render  the  structure  a  more  consistent 
unit  of  strength. 

In  simple  beams  it  will  be  found  most  advantageous  to  have  a  low  bond  stress  in  the  straight 
longitudinal  bars  at  the  ends  extending  into  the  supports,  or  else  hooks  should  be  provided  to 
give  efficient  anchorage  and  thus  obviate  any  chance  of  slipping  or  failure  from  this  source. 
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The  ends  of  all  stirrup  prongs  extending  into  the  upper  face  of  beams  should  be  given 
adequate  anchorage,  so  they  may  fully  develop  the  calculated  tensile  value. 

In  deeigning  web  members  for  any  atnicture,  the  intimate  relationship  that  should  exist 
between  theory  and  application  should  be  constantly  borne  in  mind.  The  form  of  the  stirrup, 
and  the  l<^cal  means  of  holding  the  stirrups  intact  during  the  severe  stages  of  disruption  prior 
to  and  during  concreting,  should  be  given  inseparable  conBideration.  Such  considerations  are 
as  vital  to  the  construction  aa  the  knowledge  of  knowing  how  to  proportion  _^.^_^_^^ 
thededgn.  ^JTrXil 

It  has  been  shown  by  experiments  that  the  combination  of  bent  rods  i— *— --^"\H 
and  stirrups  gives  the  best  results.  It  is  good  design  to  permit  the  atimips 
to  develop  the  required  resistance  to  diagon^  tension  and  allow  the  bent-up 
roda  to  act  only  aa  an  additional  safety  factor,  in  reducing  further  the  op- 
portunity for  failure.  The  spacing  of  stirrups  has  a  decided  infiuence  on  the  function  they 
are  to  perform.  Referring  to  Fig.  28,  it  is  reasonable  to  believe  that  since  diagonal  tension  at 
critical  sections  occure  approximately  at  45  deg.  with  the  horiiontal,  stirrups  should  be  spaced 
at  such  intervals  aa  to  e&ectualiy  counteract  this  tendency.  Experiments 
.  show  that  a  spacing  greater  than  H  the  depth  of  the  member  has  little  or 

In  considering  the  use  of  bent-up  rods  in  conjunction  with  stirrups  to 
jt  diagonal  tension,  it  will  be  well  to  note  the  limitations  and  difficulties 
a  the  arrangement  of  reinforcement  that  may  arise.  The  case  of  a  simple 
beam,  or  the  end  of  a  aemi-continuous  member  bearing  in  a  wall,  eicterior 
column  or  spandrel,  offers  a  condition  moat  favorable  to  the  use  of  stirrups  and  bent  rods  in 
combination  {Fig.  29).  In  any  event  one  or  more  rods  should  be  bent  up  into  the  top  of  the 
beam  as  shown,  to  prevent  the  appearance  of  cracks  where  tensile  stress  occurs  due  to  deflec- 
tion of  the  member  and  the  restrained  nature  of  bearing. 
The  resisting  moment  vill  necessarily  control  the  L 
number  and  location  of  bends.  The  straight  rods  re-  T 
maioing  in  the  bottom  must  also  provide  sufficient  bond  f 
"trees.  |£^ 

The  difficulties  in  the  case  of  continuoua  beams  in  j.,^  ^o^ 

this  connection  are   numerous,  demanding  the  closeat 


m^mmm 


study  to  obtain  an  arrangement  that  will  fulfil  the  manifold  requirements  of  design  at  this 
particular  location,  where  the  many  important  opposing  streaaea  will  not  permit  of  neglecting 
one  feature  of  design  for  the  accompliahment  of  another. 
To  illustrate,  refer  to  Fig.  30.  Should  it  be  assumed  that 
bent  roda  are  to  be  distributed  in  the  ends  of  continuoua 
members  as  shown,  it  is  at  once  evident  to  the  experienced 
designer  that  complications  naturally  arise  if  consideration 
is  entertained  for  the  erector  and  the  economic  features 
of  practical  design.  First,  the  design  will  probably  require 
'  the  aame  ateel  area  A,  for  the  positive  and  negative  mo- 
ments, the  negative  stress  varying  from  a  maximum  at  the 
center  of  bearing,  to  zero  at  the  point  of  inflection.  This 
condition  of  negative  stress  demands  a  decreasing  steel 
area  proportionate  with  lie  negative  moment  at  the  various 
points,  which  fact  will  preclude  the  bending  up  of  rods  a 
and  b  at  points  too  near  the  bearii^.  Additional  rod  units 
similar  to  c  and  d  must  be  introduced  to  resist  the  diagonal 
tenaion,  the  ends  of  which  should  either  be  anchored  by 
means  of  hooks  or  else  the  lower  ends  muat  be  bent  horizontal  to  lap  the  straight  rods  in  the 
bottom.  During  erection,  if  spiral  columna  are  employed,  the  use  of  additional  rod  units  c 
and  d  will  present  great  annoyance,  for  the  rods  must  either  be  worked  through  the  interval 
between  spirals  or  the  upper  end  of  spiral  unit  must  be  foreed  down  to  allow  adequate  clearance 
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between  the  two  layers  of  rods.  And  finally  the  rods  must  be  placed,  spaced  and  held  in  their 
respective  positions.  The  question  of  suitable  stirrups  and  bent  rods  to  resist  diagonal  tension 
necessarily  resolves  itself  into  the  intelligent  selection  of  units  that  can  be  installed  with 
accuracy  and  speed,  in  order  that  the  intention  of  the  design  may  not  be  entirely  defeated  at 
the  beginning  of  operations. 

Fig.  31  shows  the  forms  of  stirrups  mostly  used  in  the  average  design.  Types  d  and  e 
are  open  to  objection,  for  the  reason  they  are  most  difficult  to  install  in  the  case  of  continuous 
beams  where  top  and  bottom  steel  are  required. 

iib.  Practical  Consideration  in  Arrangement  of  Web  Members. — In  all  struc- 
tures for  practical  purposes,  stirrups  or  bent  rods  should  be  used,  whether  or  not  theoretical 
calculations  dictate  their  use.  The  exclusive  use  of  bent  rods  to  resist  diagonal  tension  in  con- 
tinuous beams  subjected  to  concentrated  loads,  and  even  for  uniform  loads,  occasions  many 
difficulties  for  the  designer  to  solve,  and  when  solutions  are  found  merely  from  the  standpoint 
of  theory,  the  erector  in  the  field  has  the  option  to  execute  the  design  as  a  whole  or  in  part,  de- 
pending entirely  upon  the  character  of  supervision.  The  most  effective  way  to  avoid  improper 
execution  is  to  have  constantly  in  mind  the  field  superintendent  or  foreman's  point  of  view,  and 
adopt  the  design  with  common-sense  intelligence,  so  that  it  can  be  carried  out  with  the  greatest 
degree  of  accuracy. 

The  most  predominant  disregard  of  accuracy,  during  the  erection  of  the  average  reinforced 
concrete  structure,  is  exercised  in  the  placing  of  loose  stirrups.  There  are  many  contributing 
causes.  Foremost  among  them  is  the  case  in  which  the  stirrups,  having  been  placed  and  spaced 
with  the  average  due  care,  are  given  the  responsibility  of  remaining  erect  and  spaced  without 
any  tangible  ti^,  one  with  the  other,  to  prevent  subsequent  displacement  during  concreting  opera- 
tions. A  small  rod  K  in.  or  ^  in.  in  size,  as  illustrated  in  Fig.  31,  type  (a),  extending  from  one 
stirrup  to  the  other  for  the  full  length  of  member  and  tied  to  each  hook  by  means  of  small  wires, 
will  obviate  to  a  considerable  extent  the  tendency  of  the  stirrups  to  become  disarranged. 

There  is  certainly  little  consistency  in  design  and  practical  execution  when  stirrups  are  shown 
spaced  at  2,  3,  4,  5,  or  6-in.  intervals  and  then  through  the  fault  of  construction  methods  speci- 
fied, permit  of  a  wide  variation  from  this  spacing.  In  this  event,  theoretical  design  in  locating 
the  stirrups  is  simply  a  matter  of  form  and  useless  endeavor. 

34c.  Design  of  Web  Reinforcement — The  variation  in  shear  along  the  length 
of  a  uniformly  loaded  beam  is  shown  in  Fig.  32(a).  The  following  simple  graphical  method 
may  be  used  for  determining  the  stresses  and  spacing  of  stirrups: 

Let  V,  the  total  unit  shearing  stress,  denote  the  height  of  triangle  in  Fig.  32(a),  vi  the  unit  shearing  stress  to  be 
taken  by  the  concrete,  and  9-9 1  the  remaining  shear  to  be  taken  by  the  steel.  Also  let  xi  denote  the  distance  in 
feet  from  the  support  to  the  point  beyond  which  no  stirrups  are  required. 

Now  the  total  un^t  shearing  stress  is 

(1) 


TT- 


«  ■■ 


bjd 
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iAWk 


*  -  ^  "A 


or,  substituting  H  u  the  average  value  of  j. 

The  distance  in  feet  from  the  support  to  the  point  beyond  which  no  stirrups 
are  needed  is 


XI 


29 


(3) 
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or 
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In  Fig.  32(a),  the  total  shear  to  be  taken  by  all  stirrups  in  one  end  of  a  beam 
is  indicated  by  the  triangle  with  the  height  v  —  vi  and  base  xi  and  is  equal  to 

(9  —  v\)bxi 


Vi 
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(12) 


(4) 


The  diameter  of  a  stimip  without  any  prong  or  hook  should  not  exceed 

i  -   (2.4»)d  <5) 

The  minimum  spacing  of  stirrups  at  the  support  will  be 
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easily  obUioed  u  Bbawn,  by  projectinc  the  poinU  trom  tfae  Kmi-circlc  with  diameter  squil  to  zi. 

la  the  average  design  of  beams,  ^-  or  Ke-in.  atiirups  with  hooked  ends  are  used  (or  beams 
from  10  to  25  in.  deep,  ^g-  or  ^^-in.  stirrups  for  beams  25  to  40  in.  deep  and  ^-in.  stirrupH 
for  beams  40  to  60  in.  deep.  The  size  of  stirrup  will,  of  couise,  depend  on  the  unit  stress 
/,  assumed  and  the  spacing. 

In  the  design  of  stirrups,  varioua  unit  stresses  are  uaed  in  the  steel  ranging  from  10,000  to 
18,000  lb.  pet  sq,  in.  A  high  unit  stress  is  not  recommended,  when  considering  the  function 
which  etimipe  must  perform  in  a  rigid  member.  The  higher  the  stress,  the  more  the  elonga- 
tion when  the  member  is  subjected  to  heavy  loads,  and  the  better  should  be  the  anchorage  to 
prevent  any  possibility  of  slipping.  A  unit  stress  for  steel  stirrups  of  10,000  to  12,000  lb.  per 
sq.  in.  would  be  more  consistent  with  good  practice. 

niiuMIlT*  PloUlin.— A  umply  eupiiortod  beam  10  X  22  in.  haa  a  total  unUarm  load  o[  3000  lb.  per  lin 
fl.    The  aptin  i»  20  It.     The  teonon  rmoforoement  ia   2  in.   Irom  the  bottom.     Find  the  web  reinforcfmeDt 
(o  reaiat  diacouil  tennoa,  uaing  veitlwl  U-etirrape,  when  the  aliowable /.  —  12.0001b.  and  n  'lOlb.     Maiimuai 
bond  atrtaa  allowed  u  -  90  lb.  per  aq.  in. 
SubaUtutinc  la  (2) 

(10)(2O0Ql         20.000 
'  ~  (10)(7/8)(20)  "  '  ■ 
buhatitutina  in  (3) 

■■-^(^' -'-"•'- 

Tbe  total  ibui  denoted  by  trianile,  Tig.  33(a). 


y  -  lUlb 


Aaauminc  N-in.  round  atlrru  pa  the  area  A,  for  the  2  Irga  ii  (31(0.1104)  - 
0.22W)  aq.  in.    The  value  of  each  atirrup  -  (0.220SK  12.000)  -  2050  lb 
^^  -  10.87  atirrupa.  or,  aay  11  atirrupa  required  for  e«>ib  end.    Th. 
clua«g(  apaeinf  requited  at  each  end  near  aupport  will  be 
(0.2206)  (12.0( 


(114  -401(100 

Aaauminc  this  theoietical  valua  3.S9  in.  aa  the  eloatat  apaeing.  and  checkini 
back  withdiABram  ^.  33(a),  it  will  be  Found  that  the  total  ahear  taken  by 

6nt  atirrup  ia  equal  to  Flo.  S3. 

'^*  t"  ^°'(3.59)(10)  -  2585  lb. 

which  la  pnutically  the  aame  aa  the  value  aaaisoed  to  eeoh  atirrap.  The  alirrupe  indicated  in  Fit.  33(a)  have 
been  projected  [rom  equal  srna  in  diacram  Fig.  33  (b)  and  apaainc  noted  rocordlngly.  One  additional  alirrup  is 
uaed  over  requireraenta  on  account  ol  apscing  bdng  limited  to  ^  or  10  in. 

The  above  method  of  finding  the  correct  spacing  of  etirrupe  for  a  uniformly  loaded  member, 
aa  well  as  any  other  proposed  or  su^rated  method  not  mentioned,  entails  considerable  work  and 
delay  when  it  is  considered  that  some  buildings  require  a  hundred  or  more  different  designs  of 
beams,  and  consequently  ia  objectionable.  In  view  of  practical  circumstances  involving  con- 
ditions that  do  not  justify  the  spacing  of  stirrups  to  the  exact  inch,  the  following  method  will 
give  satisfactory  results  on  the  side  of  safety: 

Tint  find  the  value  of  >  by  Foroiula  (2)  and  (hen  the  diataoce  xi  beyond  whioh  atirrupa  are  not  Deeded  by 
Formula  (31.  The  total  ahear  Vi  to  be  taken  by  atirrupe,  repreeeoted  by  the  triaiifle  of  bsec  zi  and  height  p-ci, 
can  then  be  Found  by  aubatituUnc  in  Formula  (4).  The  total  number  of  atirrupa  required  tor  Vi  will  be  j^-    The 
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of  one-half  the  ^ective  depth  of  the  beam.     On  account  of  the  minimum  spacing  of  ^  it  may  be  necessary  to  add 

one  or  more  stimipB  to  meet  this  limitation. 

nittStratiTe  Probleni. — Assume  the  same  conditions  as  in  the  preceding  problem,  when  «  >  114,  zi  ■-  6.49, 
Vi  »  28,810,  the  total  number  of  stirrups  11,  and  the  minimum  spacing  <  ■■  3.50  in. 

With  the  above  conditions  known,  the  approximate  spacing  can  be  ascertained  at  once,  or  3  stirrups  at  4  in., 
2  at  5  in.,  2  at  7  in..  3  at  9  in.,  and  2  at  10  in.  The  total  of  these  spacings  is  83  in.  or  slightly  more  than  78  in., 
the  value  of  xi,  which  will  be  satisfactory. 

Dlastrative  Problem. — Assume  the  same  beam  in  previous  problem  but  with  a  concentrated  load  at  the  center 
of  40,000  lb.  instead  of  a  uniform  load  totolling  40,000  lb. 

The  reaction  at  each  end  will  be  20.000  lb.  The  value  of  v  -  114  lb.  per  sq.  in.  will  be  the  same,  but  the  in- 
tensity of  shear  is  constant  at  all  points  between  the  center  and  the  bearing,  hence  xi  -■  10.00  ft.  and 

Fi  -  (114-40)(10)(10)(12)  -  88,8001b. 

The  value  of  one  H-in.  U-stimip  at  12,000  was  found  to  be  2650.     Thus 

the  number  of  thrae  stirrups  required  equally  spaced  from  the  center  to 

each  bearing  is 

88.800 


/^M>'<^ — •»J| 

- 1 1 1  I  I  •  I  I  '  I  '  i  •  ■  I  !  ■  !  ■  nfl  *  '  'u« 


2650 


34 


''^i       Since  I  »  240  in.,  the  stirrup  spacing  required  is 


T 


^ 


Fia.  34. 
or  number  required  is 


^^  -  ^  ft  !n 

-68        ^*®  *°- 
This  spacing  is  too  close. 

Assuming  a  H«-in.  stirrup.  A*  will  have  a  value  equal  to 

(0.1503)(2)(12,000)  -  36001b. 


240 


88.800 
3600 


«  25 


The  spacing  will  then  be  — r^  »  5  in.  (approz.),  which  is  satisfactory.     Using  a  5-in.  spacing  and  referring  to 

diagram  Fig.  34,  the  stress  in  one  stirrup  will  be  (5)  (74)  (10)  "■  3700  lb.  or  slightly  more  than  the  tensile  value 
assumed  for  each  stirrup. 

34d  Bent  Bars  for  Web  Reinforcement. — The  following  simple  graphical 
method  may  be  used  in  important  cases  for  determining  the  stress  or  spacing  of  bent  bars: 

Assume  a  beam  10  X  20  in.,  20-ft.  span,  uniformly  loaded,  with  v  —  100  lb.  The  bent-up  rod  nearest  the 
support  is  assumed  to  be  a  ^-in.  round,  and  the  other  bent  rod  a  ^-in.  round,  both  rods  being  bent  at  45  deg. 
Find  the  stress  in  each  rod.  Assume  vi  ■■  40  lb.  The  following  method  will  make  clear  the  principles  involved: 
Referring  to  Fig.  35(a),  project  the  axis  AB  upon  an  axis  AC  at  45-deg.  inclination  and  lay  ofT  «  »  100,  *i  —  40, 
and  v-«i  ■"  60.  Then  the  ordinstee  between  BC  and  BD  will  represent  the  sheering  stress  v  along  one-half  of  the 
beam.  The  srea  between  any  two  ordinatee  like  DD'  and  EE'  multioUed  by  the  width  b  of  beam  will  equal  the 
product  of  the  total  average  shesr  over  the  length  V,  multiplied  by  th<»  projection  of  this  length  on  the  inclined  axis 
BC.    In  diagram  Fig.  35(a),  the  stress  taken  by  the  H-io-  rod  will  be 


r60-f  44 


(^^^)(14.5)(10)  -  75401b. 


The  area  of  a  yi-in.  round  is  0.60  sq.  in. 

7540 

TT-^T.  —  12,560  lb.  per  sq.  in. 

U.oU 

This  value  is  not  too  high  if  stirrups  are  also  used,  which  in  this 
case  are  neglected.    The  stress  in  the  ^-in.  rod  will  be 

r44  +  34^ 


*■ f-  4'f^'o*- 


— -^ 


C^  2       )  (9-5) (10)  -  3700  lb. 
'  8410  lb.  per  sq.  in. 


2 

3700 
0.44 


In  Fig.  35(6),  the  stress  taken  by  the  K-in.  round  will  be 
'60  +  44' 


(C'V)  ^^-^X'"'       10660 
V2  "  1-4142 

or  unit  stress  in  one  ^-in.  round  is 

10.660 


7540  lb. 


/.  - 


(0.60)(V2) 


—  12,6601b.  per  sq.  in. 


Fio.  85. 


86.  Bond  Stress. — The  development  of  proper  bond  stress  between  the  steel  and  the 
concrete  at  all  points  in  the  design  of  a  member,  should  receive  careful  attention.  For  simple 
beams  with  loads  distributed  as  in  Figs.  36,  37  and  38,  positive  moments  are  developed  which 
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begin  immediately  at  the  points  of  supports.  This  at  once  suggests  a  pull  in  the  straight  rods 
at  the  supports;  the  required  intensity  of  which  must  be  developed  through  adhesion  of  the 
concrete  to  the  steel. 

In  the  case  of  continuous  beams,  Fig.  39,  the  straight  rods  of  end  spans  bearing  in  wall, 
spandrel  or  column,  should  be  investigated  to  ascertain  the  pull  in  the  rods  at  this  point.  In 
the  case  of  continuous  ends  of  beams  the  character  of  stress  is  compressive,  by  reason  of  canti- 
lever action  at  this  point,  though  the  increment  of  stress  is  of  the  same  sign.  In  the  design 
of  practical  structures  there  are  comparatively  few  designs  executed  in  the  past,  which  have 
given  serious  consideration  to  the  development  of  the  proper  theoretical  bond  stress  for  the 
ends  of  rods  in  the  compressive  side  of  continuous  beams  at  supports.  Yet  comparatively 
few  failures  have  been  recorded  due  to  this  source  of  seeming  weakness. 

If  the  safe  adhesion  or  bond  stress  per  square  inch  of  bar  surface  exceeds  that  prescribed 
by  the  best  practice,  then  the  ends  of  rods  in  the  case  of  pulling  stress  should  be  hooked  as  in 
Fig.  29.  In  designing  a  member  it  follows  that  the  higher  the  unit  stresses  assigned  to  steel 
in  tension,  the  smaller  will  be  the  rods  or  sectional  area  at  this  critical  point  and  hence  the  sur- 
face of  bars  available  for  adhesion  will  be  reduced.  Deformed  rods  afford  a  suitable  means  of 
increasing  bond  resistance,  but  in  many  instances  the  resistance  offered  will  not  be  sufficient 
to  fully  conform  to  requirements  of  design  and  prevent  initial  slip  under  working  conditions. 
It  has  been  noted  that  one  of  the  fundamental  assumptions  in  the  theory  of  design  consists  in 
having  perfect  adhesion  between  the  steel  and  concrete  at  all  points  within  the  elastic  limit  of  the 
steel. 

Theoretical  results  show  that  bond  stress  is  a  simple  function  of  shear  and  varies  with  the 
shear.  Pigs.  36,  37,  38  and  39  show  some  of  the  conditions  of  moment  and  shear  for  different 
loadings.    In  Fig.  36  the  value  of  bond  stress  is  zero  at  the  center  and  increases  uniformly 
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to  a  maximum  at  the  supports.    In  Fig.  38  the  bond  stress  is  uniform  from  concentrated  load  to 
supports.    Fig.  37  shows  the  same  intensity  of  bond  stress  from  points  of  loading  to  supports. 

In  proportioning  members  to  resist  bond  stress  it  should  be  remembered  that  any  slipping 
of  the  bars  increases  at  once  the  deformation  of  the  concrete  and  hence  emphasizes  the  chance 
of  failure  by  increasing  the  tension  in  the  concrete. 

Referring  to  Fig.  25,  Art.  33,  the  shearing  stress  per  linear  inch  over  a  distance  x  is 

T'  "  T 


But 


or  the  bond  stress  per  linear  inch  is 


Vx  -  (r  -  T)jd 

T  "T  ^V 
X  jd 


The  bond  stress  per  square  inch  developed  by  the  surface  of  steel  bars  is  -r,  divided  by  the  sum 

in  inches  of  all  the  perimeters  of  the  bars  at  a  given  cross  section.     If  Zo  =  the  sum  of  perimeters 
of  all  bars  in  a  member,  and  u  the  bond  stress  per  square  inch,  then 

V 


u  = 


2  ojd 


In  other  terms,  the  imit  bond  stress  is  simply  the  reaction  in  pounds  divided  by  the  sum  of 
bar  perimeters  in  inches  multipHed  by  the  lever  arm.  In  the  above  formula,  j  =  J4  ^^Y  he  used 
as  the  average  value. 
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The  Joint  Committee  recommends  in  case  of  plain  bars  a  imit  bond  stress  between  steel 
and  concrete  equal  to  4%  of  the  compressive  strength  of  concrete  and  5%  in  case  of  deformed 
bars.  For  a  1-2-4  gravel  oi:  hard  limestone  concrete  with  compressive  value  of  2000  lb.  per  sq. 
in.,  the  working  value  of  80  lb.  for  plain  and  100  lb.  for  deformed  bars  are  the  values  recommended. 

When  the  web  reinforcement  consists  of  a  combination  of  bent  bars  and  stirrups,  tests  of 
freely-supported  rectangular  and  T-beam  sections,  indicate  a  greater  reduction  of  bond  stress 
than  in  the  case  of  beams  with  stirrups,  and  beams  with  only  straight  longitudinal  bars.  Judg- 
ing from  the  results  of  tests  it  will  be  conservative  to  assume  a  bond  stress  of  1^  times  the  above 
working  values  when  members  are  thoroughly  reinforced  with  stirrups  and  two  or  more  bent 
rods,  bent  at  intervals  not  to  exceed  the  effective  depth  of  the  member  and  preferably  less. 
The  combination  of  bent  bars  and  stirrups  can  be  readily  adapted  at  the  ends  of  simple  beams 
and  end  bearings  of  continuous  beams,  where  all  the  tension  bars  are  not  required  in  the  bottom. 

niastratiTe  Problem. — A  simply  supported  beam  with  span  of  18  ft.  requires  a  section  10  in.  wide,  effective 
depth  d  ->  IS  in.,  and  reinforcement  three  M-in.  rounds  straight  and  two  ^4n.  rounds  bent,  to  support  a  total 
uniform  load  of  890  lb.  per  lin.  ft.  when  steel  and  concrete  are  of  equal  strength — the  controlling  values  being/*— 
16,000,  /•  "  750,  n  »  15.  V  »  80,  91  ■-  40.     Find  the  bond  stress  in  the  straight  longitudinal  rods. 

The  reaction  is  equal  to 

(890) (0)  -  8010  lb. 

The  perimeters  of  three  H-in.  rounds  will  be 

(3)(1.964)  -  5.892  sq.  in. 

Substituting  in  formula 

V  8010 -. 

""   (Zo)(7/8)(d)  "  (6.892)(7/8)(18)  "  ^^^^'  ^^  ^'  *°- 

8010  _,  ,. 

•  "  (10)(7/8)(18)    "  ^^  ^^-  P^'  "*'•  *°- 

If  the  bent  rods  are  not  considered  to  resist  diagonal  tension,  and  since  in  any  event  stirrups  are  recommended, 
the  value  v  ■■  86  lb.  for  plain  or  deformed  bars  is  entirely  conservative. 

In  comparing  rectangular  and  T-beam  sections  it  will  be  found  that  the  investigation  of 
bond  stress  for  the  latter  will  always  be  of  greater  importance  than  in  the  former  case,  for 
the  reason  that  the  required  section  for  rectangular  beams  is  proportioned  for  limiting  values 
assigned  to/c,  whereas  for  T-beams  the  necessary  section  for  shear  is  of  fundamental  importance. 
Hence  the  shear  in  the  former  case  will  usually  be  much  less  per  square  inch  than  in  the  latter 
case.  Bond  stress  being  a  function  of  shear,  the  member  having  the  greatest  shearing  stress 
should  be  given  especial  attention. 

86.  Spacing  of  Reinforcement  and  Fire  Protection. — The  spacing  of  rods  particularly  in 
beams  is  a  matter  of  great  importance  in  the  design  of  concrete  structures.  The  location  of 
beam  and  slab  rods  involves  the  following  considerations: 

1.  The  longitudinal  bars  should  be  spaced  far  enough  apart  to  develop  the  required  adhesion  between  concrete 
and  steel. 

2.  A  clear  space  between  the  bars  should  be  allowed  to  permit  the  larger  aggregates  to  pass  between  and 
around  each  bar. 

3.  A  protective  coating  of  concrete  of  adequate  thickness  should  be  provided  for  all  bars,  to  insure  fireproofneaa 
in  the  event  of  fire. 

The  bond  stress  determines  the  theoretical  clear  interval  between  beam  bars,  but  under 
no  circumstances  should  this  interval  be  equal  to  or,  less  than  the  size  of  aggregate  used.  It 
is  advisable  to  use  a  clear  spacing  of  not  less  than  1^  in.  in  any  case  as  the  larger  sizes  of  gravel 
and  limestone  aggregate  will  range  from  ?i  in.  to  l}4  in.  It  is  good  practice  to  use  a  clear 
spacing  of  IH  to  3  times  the  diameter  of  bar  used  in  the  design,  provided  this  spacing  is  not  leas 
than  1 J^  in.  The  clear  spacing  between  the  two  layers  of  bars  likewise  should  not  be  less  than 
1  Ji  in.  for  practical  reasons  mentioned. 

Concrete  is  incombustible  and  has  a  low  rate  of  heat  conductivity  which  makes  the  material 
highly  efficient  for  fireproofing  purposes.  The  fire  resisting  properties  of  concrete,  however, 
are  of  little  avail  if  the  reinforcement  is  permitted  to  approach  too  near  the  exposed  surfaces. 
The  thickness  of  protective  coating  for  ordinary  purposes  of  design  should  be  the  greatest  in 
the  case  of  beams  and  girders  which  are  in  the  event  of  fire,  subjected  to  the  most  intense  heat. 
Slabs  or  flat  surfaces  require  less  protection  for  the  steel  for  obvious  reasons, 
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It  appears  from  past  practice  and  fire  tests,  that  a  minimum  protection  of  2  in.  for  the 
steel  in  beams  and  girders,  and  1  in.  for  the  steel  in  slabs,  are  conservative  allowances. 

Another  form  of  abuse  practiced  in  the  construction  of  fireproof  buildings,  in  the  majority 
of  buildings  constructed,  is  the  total  lack  of  proper  care  taken  in  the  supporting  and  spacing 
of  individual  bars  in  beams  and  slabs.  It  is  an  illogical  procedure  to  specify  a  certain  spacing  of 
bars  and  a  minimum  protective  coating,  and  then  expect  the  erector  to  execute  the  plans  and 
details,  without  some  specified  means  of  accomplishing  this  purpose.  It  is  hardly  possible  to 
maintain  a  given  spacing  for  bars  or  to  support  the  bars  the  required  distance  from  the  falsework 
without  the  use  of  some  definite  device  made  for  the  purpose.  Formulas  and  details  may  be 
developed  to  a  nicety  but  if  the  practical  means  of  accomplishing  the  design  are  neglected, 
it  is  simply  an  invitation  for  poor  workmanship,  lax  methods,  and  inefficient  execution.  As  a 
consequence  the  advantages  of  correct  design  are  overcome  and  the  strength  of  the  structure 
is  impaired  by  materially  reducing  the  factor  of  safety. 

Rods  in  beams  bunched  together  cannot  possibly  give  the  proper  resistance  to  bond  stress, 
and  results  in  a  source  of  weakness  highly  undesirable.  If  some  mechanical  device  or  devices 
could  be  generally  employed  by  engineers,  that  would  serve  the  purpose  of  minimizing  the 
occurrence  of  improper  workmanship,  somewhat  higher  working  stresses  than  now  assumed 
could  be  consistently  used  with  a  greater  degree  of  satisfaction. 

$7*  Rectangular  Beams  Reinforced  for  Compression. — It  is  more  economical  to  use 
rectangular  beams  without  top  reinforcement  if  the  limitations  of  design  will  permit.  Only 
in  isolated  cases  does  it  become  necessary  to  use  beams  of  this 
character.  Beams  enclosing  elevator  openings,  stair  weUs,  or 
those  deprived  of  T  action  with  limited  depth,  by  reason  of 
openings  at  the  section  of  greatest  moment,  sometimes  require 
reinforcement  in  the  top  as  well  as  in  the  bottom,  to  give  equal 
tensile  and  compressive  resistance. 

The  action  in  the  top  of  a  beam  reinforced  for  compression  may  be  compared  with  that 
of  a  column.  In  the  latter  case  the  rods  under  stress  are  prevented  from  failure  along  the  line 
of  least  resistance  by  the  use  of  bands  or  hooping  spaced  at  the  proper  intervals.  The  longi- 
tudinal rods  of  the  colunm  are  placed  in  the  comers  or  where  the  bands  change  direction  and 
not  at  intermediate  points  where  bending  would  be  produced  in  the  length  of  the  band. 

The  same  reasoning  may  be  applied  to  that  of  compressive  reinforcement  in  beams.  Where 
only  two  rods  are  used,  inverted  U-stirrups  will  prove  most  effective  in  anchoring  the  rods 
into  the  body  of  the  member,  as  shown  in  Fig.  40.  Where  three  or  more  rods  are  required, 
this  form  of  stirrup  cannot  be  entirely  effective,  due  to  the  fact  that  bending  moment  is  produced 
in  the  straight  portion  of  stirrup  when  the  intermediate  rods  are  in  compression.  A  form  of 
stirrup  shown  in  Fig.  41  would  no  doubt  give  greater  resistance  to  compressive  stress,  though 
the  effective  distance  between  the  top  and  bottom  steel  will  be  slightly  lessened.  In  important 
members  spiral  reinforcement  has  often  been  used  in  connection  with  compressive  reinforce- 
ment with  the  most  satisfactory  results,  Fig.  42. 

The  Joint  Committee  reconmiends  that  top  re- 
inforcement for  positive  bending  moment  should  not 
exceed  1  %  of  the  sectional  area  of  the  concrete. 

The  same  fundamental  principles  given  for  beams  re- 
inforced for  tension  only  apply  to  double  reinforced  beams. 
The  tension  in  the  concrete  is  neglected  and  the  com- 
pression in  the  concrete  is  assumed  to  follow  the  linear 

law  of  variation.     Hence  the  formulas  apply  to  working  conditions  only. 

A' 

Let  p'  >■  ratio  of  oroas  section  of  steel  in  compression  to  cross  section  of  beam  above  the  tensilesteel  -■  7--* 

bd 

ft  «  compressive  unit  stress  in  steel. 
Other  notations  are  given  in  Fig.  43. 
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The  formulas  given  for  rectangular  beams  reinforced  for  tension  only,  which  determine  the 
shear  t;,  bond  stress  ti,  and  web  reinforcement,  are  the  same  for  double  reinforced  beams.  In 
finding  these  values  j  may  be  assumed  to  have  an  average  value  of  0.85. 

87a.  Formulas  for  Detennining  Percentages  of  Steel  in  Double  Reinforced 
Rectangular  Beams. ^ — For  any  given  values  of  ft  and/.,  A;  has  identically  the  same  value,  irre- 
spective of  shape  or  type  of  member.  The  formulas  given  below  are  based  on  this  fundamental 
fact.    The  value  of  k  for  all  beams  is  expressed  by  the  formula 

If  the  extreme  fiber  stresses  are  not  changed  by  the  addition  of  steel  to  the  section,  it  follows 
that  the  added  tensile  and  compressive  steel  must  form  a  balanced  couple,  with  unit  stresses 
conforming  to  the  stresses  already  in  the  section. 

Let     pi  >■  steel  ratio  for  the  beam  without  compreMive  steel. 
Pt  "•  steel  ratio  for  the  added  tensioDal  steel. 

P  ■»  Pi  +  Pt. 

j/  a  steel  ratio  for  compressive  steel. 

Ml  —  moment  of  the  beam  without  compressive  steel. 

Mt  —  moment  Of  the  added  steel  couple. 

Af  -  Afi  +  if t. 

Then 

1_ 

a) 

(2) 

(3) 
(4) 

(5) 

(6) 
(7) 

niustratlTe  Problem. — In  a  double  reinforced  beam  the  bending  moment  is  950,000  in.-lb.    Practical  con- 
ditions limit  the  size  of  the  beam  to  &  «  14  in.  and  d  ■■  20  in.     Find  the  required  steel  percentages  for  tension 

d*         2 
and  compression.    ^  "*  §6  "  ^'^^*     ^^^^  Table  3,   fc  -  0.385,  pi  -  0.008.     K  -  125.74,   when  /.  -  18,000. 

/«  -  750  and  n  -  16. 

Ml  "  (18.000)(0.008)(l  -  ^^)(14)(20)«  -  703.000  in.-lb. 

1  Taken  from  thesis  by  Robert  S.  Beard  submitted  to  University  of  Kansas  in  partial  fulfillment  of  the  re- 
quirements for  the  Master's  Degree. 


Pi 

"i4-^; 

nfc 
fJc 

"2/. 

Ml 

-/.Pi(l-|)M. 

M, 

-  M-  Ml 

3fs 

Pt 

-/.(i-i> 

V 

-  Pi  +  P« 

P' 

1  -  k 

*    d 

Sec.  a-381  STRUCTURAL  MEMBERS  AND  CONNECTIONS  139 

or.  Ml  may  be  obtained  from  formula  JIf i  ^  Kbd^ 

Mt  -  050.000  -  703.000  -  247,000  in.-lb. 

_^        347,000  ^  J.  00272 

^       18.000(1  -  0.10)(14)(20)« 
p  -  0.008  +  0.00272  -  0.01072 

p'  -  (0.00272) (A^^„)  -  0.00887 

Steel  for  oompreMon  A'  «  (0.00587)(14)(20)  -  1.644  sq.  in. 

Steel  for  tension  A.  -  (0.01072)(11)(20)  -  3.002  sq.  in. 

For  all  praotioal  purposes  this  problem  can  be  solved  by  the  following  simple  method  of  reasoning: 
1.  To  Find  the  Area  A*. — The  oentroid  of  compressive  area  of  the  concrete  from  the  top  of  the  beam  is 

kd      (0.385)(20) 


3  3 

Hence,  it  df  »  2  in.,  the  average  lever  arm  is 


2.57  in. 


20  -  (A±2^  .  17.71  in. 

A    «         050.000  onftiio   In 

^  "  (17.71)(18.000)  -  ^•^•^-  ^'*- 

2.  To  Find  the  Area  Required  for  Compreeeive  Steel. — The  concrete  in  compression  alone  will  sustain  a  moment  of 

JIf  1  -  KlHfi  -  703,000  in.-lb. 

The  steel  for  compression  must  take  the  difference,  or 

050,000  -  703.000  -  247,000  in.-lb. 
kd  -  (0.385)  (20)  -  7.70  in. 

The  extreme  fiber  stress  in  the  concrete  is  750.    At  2  in.  from  the  top  the  compressive  strc 

^750^ 


750  -    (^)(2)  -  554  lb.  per  sq.  in. 


1.  For  floor  slabs,  the  bending  moments  st  center  and  at  support  should  be  taken  st  -r^  for  both  dead  and 


„  -,  247,(K)0  -  ^-        . 

«"~  ^    -  <15)(5M)(18)  -  *•**  •'•  '"• 

The  analysis  of  the  sbove  problem  illustrates  that  almost  identical  results  may  be  obtained  through  simple  reason- 
ing and  ia  done  to  show  the  value  of  adopting,  when  possible,  methods  of  calculation  which  can  be  more  thoroughly 
oomprohended,  snd  which  may  further  elucidate  the  principles  involved  in  the  derivation  of  formulas. 

88.  Moments  Assumed  in  the  Design  of  Continuous  Beams  and  Slabs. — ^The  Joint  Com- 
mittee recommends  the  following  rules  for  computing  the  positive  and  negative  moments  in  * 
beams  and  slabs  continuous  over  several  supports  due  to  uniformly  distributed  loads: 

d  be  taken  st 
live  loads,  where  w  represents  the  load  per  linear  unit  and  I  the  span  length. 

2.  For  beams,  the  bending  moment  at  center  and  at  support  for  interior  spans  should  be  taken  at  —  and 

id* 
for  end  spans  it  should  be  taken  at  r^  for  center  and  interior  support,  for  both  dead  snd  live  loads. 

3.  In  the  case  of  beams  and  slabs  continuous  for  two  spans  only,  with  their  ends  restrained,  the  bending 
moment  both  at  the  oentral  support  and  near  the  middle  of  the  span  should  be  taken  as  -r^- 

4.  At  the  ends  of  continuous  beams,  the  amount  of  negative  moment  which  will  be  developed  in  the  beam  will 

depend  on  the  condition  of  restraint  or  fixedness,  and  this  will  depend  on  the  form  of  construction  used.     In  the 

-trf* 
<miinary  cases  a  moment  of  _.  jm^y  \^  taken;  for  small  beams  running  into  heavy  columns  this  should  be  increased. 

but  not  to  exceed  -j^' 

The  above  rules  apply  to  beams  um'formly  loaded  and  do  not  apply  to  members  when  one 
span  is  considerably  longer  than  the  other. 

Since  a  concentrated  load  at  the  center  of  a  beam  or  girder  will  produce  a  moment  twice 
as  great  as  the  same  load  uniformly  distributed,  the  moment  for  such  members  continuous  over 

wl* 
aevend  supports  may  be  taken  as  -^  and  for  end  spans  with  ends  restrained  and  continuous 

over  one  support,  the  moment  may  be  taken  as  -g-- 

In  the  design  of  complicated  structures  there  will  often  arise  occasion  for  a  more  accurate 
determination  of  negative  and  positive  moment  distribution,  to  insure  a  more  intelligent  pro- 
portion for  the  member. 
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89.  Slabs. 

89a.  Slab  Design. — Solid  reinforced  concrete  slabs  are  designed  for  given  loads 
by  using  the  same  formulas  given  for  rectangular  beams.  A  width  of  12  in.  is  usually  employed 
in  proportioning  the  depth  d,  percentage  p,  etc.  As  a  general  rule  it  is  more  economical  to  use 
balancing  values  for/c  and/..  After  the  point  is  reached  beyond  which  the  extreme  fiber  stress 
in  the  concrete  controls  in  the  design,  it  will  be  determined  that  the  small  increase  in  moment 
derived,  will  not  justify  the  cost  of  additional  steel,  which  is  added  only  for  the  purpose  of  lower- 
ing the  neutral  plane  to  prevent  exceeding  the  maximum  working  value  assigned  to/c  Long 
span  slabs  of  solid  concrete  are  not  only  lacking  in  economy,  but  add  to  the  cost  of  supporting 
beams,  girders,  columns  and  footings,  by  reason  of  their  dead  weight,  in  comparison  with  other 
types  of  floors  that  may  be  used.  Floors  consisting  of  concrete  joists  in  combination  with  hollow 
tile,  gypsum  or  metal  domes,  will  give  greater  economy  for  long  spans.  Joist  floors  can  be 
used  for  spans  as  great  as  40  ft.  or  more  if  conditions  demand  such  extremes. 

It  is  good  practice  not  to  exceed  2}4  times  the  effective  depth  of  solid  slabs,  for  the  spacing 
of  carrying  bars. 

For  all  solid  slabs  it  is  advisable  to  use  temperature  rods  K  <^^  H  in.  in  size  extending 
perpendicular  to  the  carrying  reinforcement,  to  lessen  the  chance  of  cracks  from  shrinkage  and 
temperature  stresses  as  well  as  to  form  ties  to  which  carrying  bars  can  be  wired  to  preserve  a 
given  spacing.  Roof  slabs  which  are  exposed  to  a  greater  variation  in  temperature  require 
more  attention  in  this  respect  than  floors  which  are  protected  from  the  varying  climatic 
conditions. 

The  investigation  of  shear  in  solid  slabs  is  seldom  necessary,  except  in  the  case  of  heavy 
concentrated  loads,  or  loads  that  may  effect  the  section  beyond  safe  working  assimiptions. 

895.  Negative  Reinforcement  in  Continuous  Slabs. — Continuous  slabs  should 
always  be  provided  with  sufficient  steel  extending  over  the  supports  to  take  negative  moment. 
Even  in  short  spans,  unsightly  cracks  in  tile  or  composition  floors,  so  often  seen  in  buildings, 
will  be  obviated  by  permitting  part  of  the  steel  to  be  bent  up  into  the  top  of  slab  over  supports, 
thereby  preventing  cracks  when  the  adjacent  panels  deflect. 

It  is  customary  practice  to  bend  up  one-half  the  bars  from  each  opposite  panel,  at  approxi- 
mately the  one-fourth  point,  which  gives  a  st^el  section  for  negative  moment  equal  to  that  of  the 
positive  moment  requirements  at  the  center  of  panel.  Negative  reinforcement  should  extend 
to  the  one-third  or  one-fourth  point  depending  on  the  length  of  spans  and  the  live  loads  to  be  • 
supported.  The  point  to  which  steel  for  negative  moment  should  extend,  will  depend  princi- 
pally on  the  intensity  of  live  load.  The  dead  load  is  fixed,  but  the  live  load  is  a  varying 
quantity  as  to  intensity  and  position  in  important  structures.  The  greater  the  live  load  the 
greater  will  be  the  tendency  for  the  negative  moment  to  approach  the  center  of  spans  under  the 
worst  condition  of  loading. 

89c.  Two-way  Reinforced  Slabs  Supported  Along  Four  Sides. — A  series  of 
panels  reinforced  in  two  directions  at  right  angles  and  supported  along  four  bearings  should  be 
made  continuous  over  supports.  In  oblong  panels  the  greatest  length  should  not  exceed  IJ^ 
times  the  least  width.    As  a  panel  becomes  oblong  the  proportion  of  load  carried  by  the  longer 

span  becomes  rapidly  less. 

Let  r  =  proportion  of  total  load  carried  by  shorter  span. 
I  =  length  of  longer  span  in  feet. 
b  =  breadth  of  panel  or  shorter  span  in  feet. 

Then 


l/b 

r 

1.00 

0.50 

1.10 

0.60 

1.20 

0.70 

1.30 

0.80 

1.40 

0.90 

1.50 

1.00 

r  ^l  -0.50 

0 


I 


For  different  ratios  of  r  the  values  for  r  are  as  given  in  the  accompanying 

table.     When  a  floor  panel  is  square  and  uniformly  loaded,  one-half  the 
dead  and  live  loads  are  resisted  by  the  moments  in  each  direction. 

The  Joint  Committee  recommends  that  in  placing  reinforcement  in  such  slabs,  account 
may  well  be  taken  of  the  fact  that  the  bending  moment  is  greater  near  the  center  of  the  slab 
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than  near  the  edges.     For  this  purpose  two-thirds  of  the  previously  calculated  moments  may  be 
assumed  as  carried  by  the  center  half  of  the  slab  and  one-third  by  the  outside  quarters. 

The  distribution  6i  loads  to  beams  along  the  four  edges  of  such  slabs  are  often  assumed  in- 
correctly by  proportioning  the  members  for  uniformly  distributed  loads.  For  more  exact 
calculations  the  distribution  of  load  may  be  expected  to  vary  in  accordance  with  the  ordinates 
of  a  parabola,  but  for  practical  purposes  it  may  be  just  as  well  to  avoid  unnecessary  loss  of  time 
and  assume  this  variation  to  be  represented  by  a  triangle,  although  the  moment  resulting  from 
the  former  assumption  will  be  less  than  in  the  latter  case. 

For  practical  purposes  floor  panels  reinforced  in  two  directions  cannot  well  be  termed 
economical  in  competition  with  other  forms  of  panel  construction. 

40.  T-Beams. 

40a.  T-Beams  in  Floor  Construction. — In  floor  construction  T-beams  are  by  far 
the  most  generally  used  form  of  supporting  member.  The  term  T-beam  expresses  its  shape. 
In  calculating  the  strength  of  T-beams,  advantage  is  taken  of  the  floor  slab,  which  in  good 
design  must  act  as  the  compression  flange  of  the  member,  the  same  as  the  upper  flange  of  a  steel 
I-beam  must  act  when  subjected  to  bending.  To  properly  perform  its  function,  a  T-beam  must 
be  poured  simultaneously  with  the  floor  slab  and  the  stem  and  flange  securely  tied  together  by 
means  of  bent  rods,  stirrups  and  cross  reinforcement  from  the  slab.  Even  with  the  presence 
of  stirrups  and  bent  rods,  horizontal  planes  made  during  construction  are  most  undesirable. 
The  slab  should  be  an  integral  part  of  the  beam. 

In  important  members  of  long  spans,  or  short  spans  designed  for  heavy  loads,  a  thin  slab 
should  be  thoroughly  investigated  and  mechanically  bonded  to  the  stem  by  means  of  stirrups 
along  the  center  portion  between  bearings,  as  well  as  near  the  supports  where  the  stirrups  are 
designed  primarily  to  resist  diagonal  tension  for  tiniform  loading.  In  special  beams  with  thin 
flanges  a  small  fillet  or  bevel  at  45  deg.  connecting  the  stem  to  the  flange  will  prove  effective 
in  giving  added  strength.  In  very  long  spans  other  methods  must  be  employed  to  give  the 
required  strength  in  compression. 

When  beginning  the  design  of  a  T-beam,  the  thickness  of  the  flange  is  fixed  by  the  depth  of 
slab,  but  the  distance  to  either  side  of  stem  over  which  compression  may  be  assumed  to  act  is 
arbitrarily  selected  from  the  results  of  tests,  which  have  established  within  safe  limits  the  as- 
sumptions to  be  made. 

The  action  of  a  continuous  T-beam  includes  a  complication  of  stresses,  which  in  the  main 
should  be  entirely  comprehended  by  the  designer  before  attempting  the  use  of  formulas  for 
practical  application. 

In  comparing  T-beams  with  rectangular  beams,  the  economy  of  the  former  is  obvious. 

406.  Flange  Width  of  T-Beams. — The  following  rules  are  recommended  by  the 
Joint  C!ommittee  for  determining  the  flange  width : 

(a)  It  shall  not  exceed  one-fourth  of  the  span  length  of  the  beam. 

(b)  lt«  overhanging  width  on  either  Bide  of  the  web  shall  not  exceed  6  times  the  thickness  of  slab. 

Beams  in  which  the  T-form  is  used  only  for  the  purpose  of  providing  additional  compression  area  of  concrete 
should  preferably  have  a  width  of  flange  not  more  than  3  times  the  width  of  the  stem  end  a  thickness  of  flange  not 
less  than  one-third  of  the  depth  of  the  beam. 


40c.  T-Beam  Flexure  Formulas. — In  the  design  of  a  T-beam  it  is  necessary  to 
distinguish  two  cases;  namely,  (1)  The  neutral  axis  in  the  flange, 
and  (2)  the  neutral  axis  in  the  web. 

Case  /.     The  Neutral  Axis  in  the  Flange. — All  formulas  for 
"moment   calculations"  which   apply  to  rectangular  beams 
apply  to  this  case.     It  should  be  remembered,  however,  that  ggf  ^^fi^T^i— " 
b  of  the  formulas  denotes  flange  width,  not  web  \Ki4^^)  *"i<l  P      cJSs  "iwrhty*      stream  otagram 
(the  steel  ratio)  is  ^'  not  -^  (Fig.  44).  Fio.  44. 

Case  II,  The  Neutral  Axis  in  the  Web, — The  amount  of  compression  in  the  web  is  commonly 
small  compared  with  that  in  the  flange  and  in  the  analysis  of  this  case  is  neglected.  The  for- 
mulas assume  a  straight  line  variation  of  stress  and  are : 
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k ^r-  (1) 

1  +  4 

nfe 

^       2ndA,  +  bt*  ,5 

***  "  2nA.  +  2W  ^*' 


pn 


+  H  a)* 


ib  -  f^  (3) 

P'^  +  d 

3JW  -  2<      t  ,.. 

'  -  2iw-:ri  •  3  ^*^ 

yd  -  d  -  «  (5) 

^  «-«(i)+^(i)'+d)'0  (,, 

6-3J 

/.  _     *^  .     «  (7, 
A«;d       p>;6d* 

Af.  -  f,A^d  (10) 

Af.  -  A  (1  -  2^^)  6(  id  (11) 

Approximate  formulas  can  also  be  established.  From  the  stress  diagram  Fig.  44,  it  is 
evident  that  the  arm  of  the  resisting  couple  is  never  as  small  as  d  -  M  ^  &nd  that  tlie  average 
ui\it  compressive  stress  b  never  as  small  as  }i  fet  except  when  the  neutral  axis  is  at  the  top  of 
the  web.     Using  these  limiting  values  as  approximations  for  the  true  ones. 

M,  -  AJM  -  HO.     or     A$  -  (/ )(d  ~  3^0  ^"^ 


"      A.(d  -  HO  ^^^ 

Mc  -  HfAt{d  -  HO  (c) 

"      Hbtid  -  HO  ^  ' 

The  errors  involved  in  these  approximations  are  on  the  side  of  safety. 

Where  the  web  is  very  large  compared  to  the  flange,  formulas  which  take  into  account  the 
compression  in  the  web  may  be  used. 

^  f2ndA,  +  (6  -  6')<»   ,    /nA,  +  (6  -  b')t\*      nA,  +  (b  -  b')t 

^  "  \ F "^  V b' ; V 

bjkdl*  -  Ht*)  +  [jkd  -  0««  +  H(kd  -  t))W 

'  "  t  {2kd  -  t)b  +  ikd  -  t)V>' 

jd  '^  d  —  z 

^'       A^d 

2Mkd 

^'  "  l(2Jfcd  -  l)bt  +  (iW  -  t)V)']}d 

Formula  (1)  gives  the  balancing  ratio  k  when  the  limiting  stresses  /«  and  /«  are  known.  For- 
mula (3)  gives  the  ratio  A;  for  any  steel  percentage  when  t  and  d  are  known.  It  will  be  a  simple 
operation  to  find  j  after  z  is  obtained  from  Formula  (4),  if  A;  is  known,  otherwise  j  should  be 
obtained  from  Formula  (6). 

For  ordinary  cases  the  tensile  stress  in  the  steel  will  control,  and  hence  3f«  should  be  used 
in  Formula  (10).     In  special  cases  Mc  will  be  the  governing  factor. 

When  n  =  k,  the  neutral  axis  will  be  at  the  junction  of  web  and  flange.     When  k  is  less 
a 

than  2'  Case  /  applies,  and  when  greater  than  ^-  Case  //  applies.     For  any  combination  of 

assigned  values  for/,,  /« and  n,  it  will  be  useful  to  obtain  the  "neutral "  ratio  A;  from  Formula  (1). 
This  value  of  k  being  known,  it  can  at  once  be  determined  whether  M,  or  Mc  controls  for  any 
other  value  of  k.  In  such  a  case  3f ,  will  control  when  any  other  ratio  k  is  less  than  the  neutral 
kf  and  Mc  will  control  when  any  other  k  is  greater  than  the  neutral  fc. 
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Calculfttiona  for  T-beama  may  be  greatly  aimplified  by  leferring  to  Diagrams  4,  S,  6  and  7, 
p.  166.    With  the  ratioB  ^  and 

p  known,  the  position  of  the 
neutral  axis  can  be  readily 
found  in  DiBgrams  4  and  6  and 
the  values  of  j  in  Oiagrama  S 
and  7.  These  diagrams  also 
determine  at  once  whether  Case 
/  or  Case  //  applies  tor  given 
conditions. 

The  approximate  Formula 
(a)  will  be  useful  to  find  the 
steel  area  A,  after  the  moment 
is  found  and  unit  value  for  /, 
selected. 

40d.  Shearing 
Strenes. — like  determination 
of  shearing  atreeses  in  T-beama 
is  fundamentally  the  same  as 
givm  for   rectangular  beams. 

V 
In  the  formula  s  —  irry  b'  is  the 

width  of  the  stem.  In  the  op- 
dinary  T-beam  design  the  flange 

affords  greater  strength  than  is  \^ 

required  to  balance  the  tensile  "^ 

stress,  hence  the  first  conudera-  J 

tion  should  be  to  obtain  a  sec- 
tion that  will  give  a  sufficient 
sectional  area  of  concrete  to 
reaiBt  dtearing  stresses  and  to 
allow  a  suitable  width  of  stem 
for  the  proper  spacing  of  the 
longitudinal  reinforcement. 
The  stirrups  and  bent  rods 
should  extend  up  to  within  l>j 
or  2  in.  from  the  top  surface,  to 
insure  a  thorough  mechanical 
means  of  bonding  the  slab  and 
stem  together.  As  in  the  case  of 
rectangular  beams,  approximate 
results  for  shear  and  bond  may 
be  obtained  by  assuming  j  -  %. 
We.  Width  of 
Stem  and  Deptti. — In  order  for 
a  beam  of  T-form  to  transmit 
Btres  from  web  to  flange,  the 
width  of  stem  in  proportion  te 
depth  should  be  chosen  with 
care.  It  is  considered  good  de- 
sign to  have  a  width  of  web 
equal  to  one-third  to  one-half 
thedepthof  beam.    Large  beam's  will  usually  requireagreaternumber  of  tension  rodd,  which  will 
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(Ktatralthenidthof  atem tonolittleestent.    Thedepth  of  T-be&maii 


the  design  of  doublc-rcinforced  rectangular  Bections  v 
compreseive  stresses  are  leversed. 


often  limited  on  account 
of  head  room  in  buildings 
and  frequently  in  ex- 
treme caaea  this  depth 
may  be  as  Jittle  as  Math 
or  f^oth  of  tfac  span 
length.  The  desiRn  of 
such  beams  muet  be 
given  special  considera- 
tion, to  develop  rigidity 
and  consistency  in  the 
strength  of  all  contribut- 
ing elements. 

M/.  Dtiaiffi 
of  a  ContlnuouB  T-beam 
at  the  Supports. — f^ga. 
45  and  46  illustrate  the 
curve  for  negative  mo- 
ment, the  maximum 
being  over  the  center  lino 
of  interior  supports  and 
decreases  rather  ab- 
ruptly from  this  point. 
It  is  Kadilysecn  that  this 
point  of  nega- 
reached 
when  the  spans  adjacent 
are  fully  loaded,  produc- 
ing bending  in  these 

sequently  a  pull  in  the 
top  over  the  support. 
This  tensile  stress  should 
have  a  counter  balancing 
resistance  in  the  bottom, 
and  hence  the  compres- 
sion in  the  bottom  is 
equal  in  intensity  to  the 
corresponding  negative 
moment  in  the  top.  A 
T-beam  becomes  a  rec- 
tangular section  at  the 
supports  on  account  of 
the  reverse  condition  of 
bending,  which  changes 
from  positive  to  negative 
at  the  sero  point  of  in- 
flection and  varies  i& 
intensity  to  a  maximuni 
at  the  interior  supports. 
The  method  of  de- 
sign clearly  involves 
principles  which  govern 
teption  that  the  tensile  and 
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Negative  moment  at  the  center  line  of  an  interior  support  is  generally  greater  than  the 
corresponding  stress  at  or  near  the  center  of  span  length,  but  with  the  presence  of  large  columns 
or  wide  beams  forming  the  supports,  this  negative  bending  is  reduced  appreciably  at  the  face 
of  bearings,  which  fact  may  be  recognized  in  arriving  at  the  proper  proportion  of  stress  for 
compression. 

wl*  wl* 

By  reason  of  the  general  use  of  formulas  Jlf  -  -ttt  and  Af  =  "To"  ^^^  both  maximum  positive 

and  negative  moments  in  continuous  beams,  one-half  the  steel  required  for  positive  stress  from 
each  adjoining  member  is  usually  bent  up  into  the  top  over  supports.  This  practice  may  be  con- 
sidered entirely  applicable  to  the  design  of  practical  structures,  when  the  consecutive  spans  are 
the  same  or  nearly  so,  provided  the  compressive  stress  at  or  near  the  supports  is  proportioned  for 
the  same  maximum  assumed  moment.  When  it  is  foimd  advisable  to  reduce  the  compressive 
stress,  this  purpose  may  be  accomplished  either  by  adding  a  haunch  to  increase  the  effective 
depth  and  size  of  the  section,  or  by  the  addition  of  compressive  steel  with  effective  anchorage;  or 
by  the  use  of  the  two  methods  in  combination.  For  architectural  reasons,  beam  haunches  are 
often  undesirable  in  hotels,  apartments,  office  buildings  and  such  structures,  and  for  this  reason 
occasion  will  often  arise  when  additional  strength  for  compression  must  be  provided  by  adding 
compressive  steel  or  by  increasing  the  width  or  depth  of  the  entire  beam  section  for  the 
sake  of  uniformity. 

The  bending  up  of  steel  bars  at  angles  of  30  to  45  deg.  to  resist  negative  stresses  is  a  ques- 
tion of  importance.  The  points  at  which  bends  are  made  should  be  governed  by  the  intensity 
of  positive  moment  at  the  section.  Figs.  45  and  46  show  the  maximum  positive  moment  curve 
for  an  interior  span  when  the  member  in  question  has  its  full  live  load  with  adjacent  members 
not  loaded.  In  this  case,  where  the  specified  live  load  is  275  lb.  per  sq.  ft.,  the  positive  moment 
approaches  the  supports.  Diagram  8  shows  with  sufficient  accuracy,  the  points  at  which  bends 
may  be  made  in  continuous  beams. 

Bond  stress  along  the  horizontal  tension  rods  in  the  top  of  continuous  beams  should  be 
investigated.  Formulas  for  tension  rods  at  the  ends  of  simply  supported  beams  may  be  cm- 
ployed.  These  rods  should  extend  to  about  the  one-fourth  point  when  small  live  loads  are 
required  and  to  the  one-third  point  for  heavy  live  loads. 

To  determine  the  maximum  negative  moment  for  continuous  beams  the  formula  M  =  — 

is  generally  recommended,  but  unfortunately  is  employed  by  many  engineers  more  to  determine 
the  sectional  area  of  steel  in  tension,  than  for  the  purpose  of  ascertaining  a  sufficient  section  for 
compression  at  the  supports.  It  may  be  stated  with  more  or  less  authority  that  the  majority 
of  designers  neglect  entirely  the  compressive  stresses  at  the  interior  supports  of  continuous 
beams,  which  is  a  practice  not  to  be  recognized  as  commensurate  with  good  design. 

41.  Comparing  Accurate  Moment  Distribution  in  Continuous  Beams  with  Ordinary  As- 
sumptions.— For  the  sake  of  simplicity  in  arriving  at  the  moments  in  beams  and  slabs  of 

reinforced  concrete  structures,  it  is  now  almost  a  universal  practice  to  assume  for  members 

wl* 
continuous  over  two  supports,  M  =  -jo-,  and  for  members  continuous  over  one  support,  or  for 

end  spans,  M  ^  -r^-  A  practical  illustration  showing  the  relationship  between  the  assumed  con- 
ditions and  the  more  accurate  theory  for  determining  the  true  moment  distribution  in  continuous 
beams  or  slabs,  should  be  a  question  of  great  significance  to  the  designer.  An  intelligent 
understanding  of  .positive  and  negative  bending  are  vital  considerations  in  the  design  of  any 
continuous  member,  particularly  when  subject  to  heavy  live  loads,  which  influence  to  a 
marked  degree  the  point  of  inflection  or  change  from  positive  to  negative  bending. 

In  practice  the  true  theorem  of  continuous  moments  cannot  well  be  applied  literally  on 
account  of  practical  complications  that  result  in  the  arrangement  of  reinforcement,  arising  from 
the  fact  that  the  greatest  positive  moment  in  a  continuous  member  is  usually  much  less  than  the 
greatest  negative  moment.  Literal  adherence  would  require  considerably  more  reinforcement 
over  the  supports  than  would  be  necessary  at  the  center  between  supports.  The  disadvantages 
are  quite  obvious  to  the  engineer  accustomed  to  seeing  his  designs  executed  in  the  field.     Again 

10 


146  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  2-42 

few  building  ordinances,  if  any,  would  permit  of  strict  adherence  to  the  exact  theorem  of  mo- 
ments, due  no  doubt  to  the  variation  in  results  from  those  obtained  by  the  use  of  the  established 

formulas  ,Af  «  ^  and  -r^.    It  may  be  understood  from  these  standard  moment  assimiptions 

that  the  general  practice  of  resorting  to  the  use  of  more  complex  methods  of  calculating  moments, 
is  not  desirable  in  the  solution  of  ordinary  problems  of  design.  However,  this  understanding 
should  not  prove  the  medium  for  evading  the  fundamental  principles  of  continuity,  so  essential 
to  the  knowledge  of  the  designer.  A  thorough  understanding  of  continuous  moments  will  not 
only  familiarize  the  engineer  with  the  maximum  moment  conditions  resulting  from  the  most 
unfavorable  position  of  live  loads,  but  will  render  a  more  intelligent  and  precise  interpretation 
of  the  standard  moment  formulas  established  by  practice. 

lUaitntiTe  Problem. — The  ezAmplee  shown  in  Figs.  45  and  46  are  selected  from  a  number  of  beam  oalculationB 
of  a  large  structure  completed  in  1918.  The  coefficients  given  in  the  accompanying  table  are  by  Winkler  and  give 
the  results  of  computations  for  a  uniformly  distributed  load  in  the  simplest  form,  from  the  ordinates  of  the  maxi- 
mum moment  line  for  continuous  beams.  Beams  Bi  continue  for  a  large  number  of  consecutive  spans.  The 
coefficients  selected  are  for  continuous  beams  of  four  spans.  The  loading  required  for  maximum  live  load  moments, 
Fig.  45,  shows  that  the  maximum  positive  moment  is  obtained  for  interior  spans  by  loading  alternate  spans,  and 
the  maximum  negative  moment  by  loading  the  spans  adjacent  to  the  reaction  in  question.  The  moment  lines 
are  plotted  from  moment  values  in  table  for  each  point  equal  to  one-tenth  of  the  span.     For  comparative  purposes 

moment  values  for  -r^  and  -jo  s^re  given  near  maximum  moment  values  obtained  from  coefficients. 

It  will  be  interesting  to  note  that  for  interior  spans  the  maximum  positive  moment  is  1,008,500  in.-lb.  whereas 

M  ■>  -^2  »  1,381,000  in.-lb.     Keeping  this  latter  moment  value  in  mind  it  will  be  seen  that  the  maximum  negative 

moment  at  the  first  interior  column  face  is  1,300,000  in.-lb.  and  at  the  second  column,  M  ■-  1,130.000  in.-lb.,  which 
compares  favorably  with  the  moment  value  usually  assumed.  In  the  design  of  beams  projected  below,  the  tension 
rods  for  negative  moment  were  not  extended  to  meet  fully  the  requirements  of  negative  curve,  for  the  reason  that 

the  sectional  area  of  steel  at  the  center  of  span  was  proportioned  for  -jn  and  not  for  the  true  moment  which  is  about 

21  %  less.     This  additional  steel  area  reduces  the  unit  stress  in  the  steel  and  the  deformation  in  the  concrete  in 

compression,  wfhich  in  combination  serve  to  reduce  the  negative  moment  produced. 

rcl* 
For  the  end  span  the  maximum  positive  moment  is  1,520.000  in.-lb.,  but  M  ^  -.^  »  1,658,000  in.-lb.     The 

difference  here  is  not  so  appreciable. 

Fig.  46  includes  the  same  members  as  shown  in  Fig.  45  with  the  exception  thst  a  cantilever  beam  is  required 
for  expansion  joint.  This  cantilever  beam  changes  the  condition  of  moments  in  the  adjacent  span,  as  shown  in 
moment  diagram. 

A  close  study  of  these  examples  will  reveal  many  interesting  stress  conditions  in  continuous  beams,  and  are 
given  for  the  purpose  of  showing  the  relationship  between  the  ordinpry  moment  sssumptions  and  the  more  accurate 
distribution  of  stress.  An  intimste  knowledge  of  this  relationship  will  be  of  inestimable  value  to  any  designer, 
and  though  not  recommended  for  every  day  use,  the  knowledge  of  these  conditions  is  fundamentally  essential 
to  the  proper  interpretation  of  the  usual  moment  assumptions. 

42.  Designing  Tables  and  Diagrams  for  Beams  and  Slabs. — It  seems  appropriate  here 
to  emphasize  the  importance  of  resorting  to  the  use  of  tables  and  diagrams  whenever  it  is  possible 
to  do  so,  since  the  tabulation  of  values  in  advance  will  minimize  the  time  consumed  in  the  prepa- 
ration of  designs.  The  measure  of  the  time  consumed  in  the  development  of  a  design,  is  a  most 
essential  factor  in  the  determination  of  an  engineer's  worth  and  should  not  be  subordinated  to 
other  conditions  having  a  lesser  value. 

The  engineer  will  often  find  it  advantageous  to  adopt  approximate  formulas,  and  although 
the  results  obtained  may  vary  slightly  from  those  derived  by  the  use  of  the  more  exact 
formulas  recommended,  it  must  be  borne  in  mind  that  the  divergence  of  practical  conditions 
from  the  assumptions  used  in  the  formulas,  does  not  justify  too  high  a  degree  of  mathematical 
precision  in  the  design  of  practical  structures,  unless  the  particular  problem  in  question 
demands  such  attention.  The  degree  to  which  approximate  formulas  may  be  used  will  depend 
entirely  upon  the  knowledge,  training,  initiative  and  experience  of  the  engineer,  which  should 
be  sufficient  to  justify  a  departure  from  the  more  accurate  computations  for  shorter  and  simpler 
methods  based  on  a  clear  conception  of  the  fundamental  principles  embodied  in  theoretical 
design. 

The  number  of  designing  tables  and  diagrams  given  on  subsequent  pages  are  necessarily 
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limited  on  account  of  the  space  allotted  to  this  subject.  The  engineer  will  find  it  helpful  to 
prepare  other  tables  of  a  similar  character. 

In  explaining  the  solutions  to  problems,  it  is  not  the  intention  to  advocate  or  recommend 
the  use  of  any  particular  combination  of  working  stresses  for  /,  and  /«.  Building  ordinanses  in 
various  sections  of  the  United  States  show  a  great  lack  of  consistency  in  the  working  stresses 
assimied  for  steel  and  concrete,  which  indicates  that  the  differences  of  opinion  prevailing  at  this 
time  preclude  the  immediate  possibility  of  standardizing  unit  stresses  to  the  entire  approval  of 
all  sections  concerned.  The  working  values  for/,  and/c,  now  being  used,  vary  from  500  to  800 
lb.  per  sq.  in.,  and  in  not  a  few  instances  even  higher  stresses  for  concrete  are  employed.  The 
unit  working  stresses  in  the  steel  vary  from  16,000  to  20,000  lb.  per  sq.  in.,  depending  on 
whether  the  steel  is  soft  or  hard  grade.  The  many  structures  erected,  judging  from  all  avail- 
able information,  have  given  a  like  degree  of  satisfaction,  and  in  view  of  this  fact  it  would 
hardly  be  consistent  to  condemn  one  practice  or  the  other  without  some  conclusive  evidence 
that  would  prove  the  custom  to  be  a  detriment  to  public  safety  and  interests. 

ninttnitiTe  ProUems. — The  use  of  designing  tables  and  diagrams  can  be  explained  to  a  greater  advantage  by 
giving  the  solutions  of  typical  designing  problems. 

Design  a  beam  of  rectangular  section  to  span  30  ft.  Total  uniformly  distributed  load  is  1000  lb.  per  lin.  ft. 
Beam  is  simi>]y  supported.    /»  —  18,000,  /•  «  760,  n  —  15,  n  -«  40. 

From  Table  3,  for  n  ->  15,  /•  -<  18,000,  and  /•  -  750 

k  -  0.385,    y  -  0.872,     p  -  0.00801,     K  «  125.74. 
fr  ^    ^   or  w«  -  1.350,000. 

Assuming  6  ■■  15  in.,  then  d  <*  26^  in.  or  say  27  in. 

A.  -  (0.00801  )(15)(27)  -  3.24  sq.  in. 

We  will  select  three  'H-ia.  and  two  1-in.  rounds  with  total  section  of  3.38  sq.  in. 

15.000  , 

"  "  (16)(7/8)(27)  " 

When  9  ■>  42,  provision  for  shear  is  unnecessary  but  for  practical  reasons  it  is  advisable  to  use,  say  three  >^-in. 
stirrups  at  9  in.  and  two  at  12  in.  c.  to  o.  at  each  end.  All  the  tension  stoel  is  not  needed  near  the  supports  so  if 
the  two  1-in.  rounds  are  bent  up  at  45  deg.  beginning  st  a  point  2  ft.  6  in.  from  the  supports,  a  better  design  will 
result.     Three  H~in-  rounds  remain  in  the  bottom  to  develop  the  safe  bond  stress. 

Bond  stress  u  -  (8.25HH?(27)  "  ^  ^^  ^'  '*^'  ^-  •  . 

Bond  stress  is  within  safe  limits  and  will  not  require  special  anchorage. 

The  values  K  and  p  may  be  found  from  Diagram  2  where  n  —  15.  Find  the  intersection  of  /•  ■>  18,000  and 
curve  /•  B  750,  and  follow  this  point  horisontally  to  the  left  or  right  hand  msrgin  where  K  «  126.  Then  follow 
the  intersection  point  to  lower  margin  where  p  —  0.0081.  The  accuracy  of  these  readings  is  sufficient  for  any 
purpose  of  design. 

Diagranu  1  and  2. — These  diagrams  are  very  useful  to  find  the  relationship  between  any  vsluee  for  p,  /•,  /«, 
and  K  for  any  rectangular  beam  or  solid  concrete  slab.  For  example  (Diagram  2),  if  steel  percentage  p  *■  0.0072 
and  the  limiting  steel  stress  is  16,000,  the  concrete  stress  fc  is  found  to  be  625.  If  fc  ■«  600  and  p  «  0.008,  f,  is 
found  to  be  about  14,300. 

For  sny  rectangular  beam  of  given  section  and  reinforcement  the  safe  load  per  linear  foot  may  be  readily 
obtained  by  means  of  these  diagrams.  Assume  the  steel  percentage  in  the  above  problem  to  be  p  >>>  0.(X)7.  The 
same  limiting  values  for  /•,  /«  and  n  prevail.  Begin  st  lower  margin  of  Diagram  2  at  0.7%  and  follow  vertically 
to  int^seotion  with  /•  ■*  18,000.    From  this  intersection  foUow  to  left  or  right  margin  where  K  ■>  110  is  found. 

M  -  Kbd*  -  (110)(15)(27)«  -  1,202,800  in.-lb.  -  ^ 
8M  (8)0.202.800)        -^,.  ,.      ,. 

*"  -(1210^)"  -^mKw-  "  ^^^  ^' ^-  ^'- 

Table  2. — Find  the  safe  moment  per  12'in.  width  for  a  6-in.  solid  slab  with  p  «  0.006,  d  »  5  in.,  /«  »  20,000, 
/«  ■*  800,  n  ->  16.    Slab  is  freely  supported. 

p  -  0.006,     k  »  0.344,    j  -  0.885. 

bd*  .  JL  or  Af  -  M«pA;  -  (12)(5)«(0.006)(20.000)(0.885) 

PfaJ 

M  ~  31,860  in.-lb. 
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TabU  3. — This  table  gives  the  values  for  h,  j,  p  and  K  for  balanced  working  stresses  in  rectangular  beams  and 
slabs,  when  /•  is  14,000,  16,000.  18,000  or  20.000,  for  various  working  stresses  for  /.. 

TcMen  4  and  5. — These  tables  are  for  designing  and  estimating  purposes.  The  area  A$  per  12-in.  width  and 
net  weight  of  steel  per  square  foot  are  given  for  various  spacings  of  merchantable  bar  sises,  which  may  be  more 
readily  obtained  than  odd  sises. 

Table*  6,  7  and  8. — These  slab  tables  have  been  prepared  for  balanced  steel  and  concrete  stresses  when  n  » 
15.  Any  thickness  of  slab  from  3  to  10  in.  and  the  reinforcement  required  may  be  obtained  immediat^y  for 
any  given  superimposed  load  per  square  foot.  The  distance  from  center  of  reinforcement  to  bottom  surface  is  1 
in.  in  all  oases  and  if  a  greater  distance  is  required  than  this,  ^4   or  H  in-  may  be  added  without  effecting  the 

effective  depth  d  and  table  values  may  be  adapted  accordingly.    All  tables  are  prepared  for  M  ■■  j^  ^^^  ^^y 

tot*  urf* 

be  adapted  to  j^   and  -g-  as  per  instructions  given  in  tables. 

Find  thickness  of  slab  and  reinforcement  required  for  a  12«ft.  span  when  the  superimposed  load  is  160  lb.  per 

sq.  ft. 

wl* 
M  -  j^J,  -  16,000,/.  -  650,  n  -  16 

In  Table  6  find  column  for  12-ft.  span  and  follow  down  to  the  149  and  then  to  left  where  a  6-in.  slab  is  given,  re- 
quiring H-in.  rounds,  5  in.  c.  to  c,  or  a  selection  of  other  bar  sixes  with  spacings  as  shown. 

ivl* 
If  the  same  example  is  assumed  when  M  »  -r^,  follow  instructions  given  in  Table  6.     A  6^-in.  slab  with  As 

■B  0.508  has  a  superimposed  load  value  of  180  lb.  for  a  12-ft.  span.     The  dead  load  of  this  slab  is  82  lb. 

(199  +  82) (H)  -226-82-144  lb.  per  sq.  ft.  superimposed  load. 

TabU  9. — It  Ib  often  necessary  to  retain  the  same  thickness  of  slab  for  spans  that  vary  within  reasonable  limits. 
This  table  gives  the  safe  moment  in  inch  pounds  for  slab  thicknesses  varying  from  4  to  8H  in-  with  various 
steel  percentages,  for  three  combinations  of  allowable  unit  stresses,  assuming  n  —  15. 

For  example,  a  6-in.  slab  may  be  selected  for  moments  varying  from  20.070  to  33,510  in.-lb.,  when  /«■-  16,000 
and  fe  -  650.  or  (rom  25,000  to  41,240  in.-lb.  in  case  /«  ->  20,000  and  /«  -  800.  It  may  be  interesting  to  note  that 
as  the  steel  reaches  its  limit  of  safe  working  stress  for  any  individual  slab  thickness,  the  increase  in  moment  beyond 
this  point  is  not  very  appreciable. 

Table  10. — This  table  is  for  estimating  purposes,  and  may  also  be  employed  to  find  the  weight  per  linear  foot 
of  any  beam  sise  given.    The  instructions  in  table  are  self-explanatory. 

Dia(fram  3. — The  preparation  of  reinforced  concrete  shop  drawings  may  be  graelty  facilitated  by  the  use  of  this 
diagram  to  find  the  length  of  any  bend  which  represents  the  hypothenuse  of  any  triangle,  when  the  length  of  two 
known  sides  are  at  right  angles  to  one  another.  The  diagram  applies  when  bends  are  made  at  30  deg.,  45  deg.  or 
any  other  angle. 

For  example,  it  is  required  to  find  the  length  of  straight  portion  between  the  bends  of  a  rod,  when  the  vertical 
distance  center  to  center  of  rod  Ib  30  in.  and  the  horixontal  distance  center  to  center  of  bends  is  33  in.  First  find 
the  designation  30  at  the  right  hand  margin  end  follow  this  line  to  the  left  until  the  vertical  line  from  33  on  the  lower 
marg^in  intersects,  then  follow  this  point  of  intersection  parallel  to  the  neprest  circular  line  to  the  lower  margin  where 
44H  in.  is  read. 

Diaorama  4,  6,  6  and  7.— Such  diagrams  are  very  useful  in  lessening  the  time  consumed  in  the  design  of  T-beams. 

t     '  it 

When  -T  and  p  are  known,  either  k  or  ;  may  be  found  directly.     With  any  given  ratios  for  -r  and  p,  or  -j  and  fe, 

it  can  at  once  be  determined  whether  the  neutral  axis  is  in  the  flangr  or  in  the  web. 

Design  the  center  cross  section  of  a  fully  continuous  beam  of  20-ft.  span  to  sustsin  a  total  load  of  1600  lb.  per 
lin.  ft.  ft  '  16,000,  /•  —  650,  n  ■■  15.  Maximum  shear  allowable  v  —  120.  The  slab  heving  been  previously  de- 
signed, (  --  5  in. 

The  first  consideration  in  the  design  of  e  T-beam  is  to  provide  a  sufficient  section  for  shearing  stresses  and  a 
width  such  that  the  bars  can  be  properly  spaced.     The  sectional  area  required  for  shear  is 

„.       (ISOOXIO)      ,_,„ 
J.  -  <i»02H20)..  (j2,  _  ^^  j„  .,^ 

I  ^q 

If  effective  depth  d  —  16  in.,  then  V  «  -r^  -■  0  in. 

Now  the  approximate  steel  area  At  mav  be  obtained  to  find  if  the  width  b'  «  9  in.  is  wide  enough  for  the 

number  of  bars  to  be  used. 

600.000 

^'  "  (0.87)(16)(16,000)  "  ^^  ^'  *°" 

This  area  will  require  say  three  ^-in.  rounds  straight  in  the  bottom  and  one  ^-in.  round  and  one  1-in.  round  bent 
in  the  tpp  plane,  or  a  total  of  2.71  sq.  in. 

Asauming  three  diameters  as  the  minimum  distance  center  to  center  of  the  ^-in.  rods  in  the  bottom,  and  a  clear 
distance  of  IH  in.  from  the  sides,  the  minimum  width  6'  is  83^  in.  Hence  with  the  rods  placed  in  two  planes,  the 
width  9  in.  found  above  is  satisfactory.  The  effective  depth  d  >»  16  in.  will  be  measured  from  the  top  surface  of 
slab  or  beam  to  the  center  between  the  two  planes  of  rods  in  the  bottom. 
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Now  3  ""  77  *  0.313.    Assuming  s.  width  of  flange  on  either  side  of  beam  face  equal  to  4  times  5  or  20  in. 
a        10 

which  is  wittiin  the  sUowable  limit,  the  total  width  b  •  49  in.    The  approximate  percentage  of  steel  is 

2.71 


(49)(16) 


0.00345 


With  these  values  for  p  and  - ,  Diagram  6  determines  st  once  that  the  neutral  plane  is  in  the  flange,  hence  Case  I 

d 

applies  (see  Art.  40e). 


K  - 


600.000 


-  48 


bd*       (49)a6)< 
From  Diagram  2  when  /T  »  48  and  /•  •  16.000.  p  is  found  to  be  0.0033. 

Am  »  (0.0033)(49)(16)  -  2.59  sq.  in. 

The  bar  sises  sdected  above  are  sufficient  and  may  be  used.  Since  p  »  0.0033  it  is  quite  evident  that  the  concrete 
strees  is  low.  or  from  Diagram  2  not  quite  4001b.  per  sq.  in.  In  this  particular  member  it  would  not  be  necessary 
to  investigate  the  oompreesivc  stress  in  concrete  for  positive  moment  unless  the  percentage  p  exceeded  0.00769 
(Table  3),  which  is  the  controlling  vrlue  for  p  when  /•  »  16.000.  /•  >-  650  »nd  n  «  15. 

Diagram  8. — To  locate  the  points  at  which  bends  may  be  made  in  the  bottom  reinforcement  of  simple  and 
oontinuous  beams,  consumes  no  little  time,  if  a  diagram  showing  these  relstionships  is  not  available.     To  illustrate, 

assume  a  oontinuous  beam  has  been  designed  for  M  ■-  -rx  ^'^^  reinforced  with. three  ^-in.  rounds  straight  in  the 

bottom  and  two  14n.  rounds  to  be  bent.  It  is  desired  to  find  the  points  at  which  rods  may  be  bent.  The  total 
area  of  straight  and  bent  rods  is  2.89  sq.  in.  One  1-in.  round  bent  rod  represents  27%  of  the  total,  and  two  1-in. 
rounds  54%  of  the  total  area.  To  find  the  point  where  one  1-in.  round  or  27%  of  the  steel  may  be  bent  up  and 
leave  sufficient  area  for  positive  moment,  trace  horisontslly  from  the  27  %  point  at  the  right  margin  to  the  curve 

At  ■>  -TK  and  then  vertically  to  the  lower  margin  where  0.285/  is  read.     By  reading  in  the  same  manner  two  14n. 

rounds  or  54%  of  the  steel  may  be  bent  up  at  0.20/. 

Table  1. — Areas,  Perimeters  and  Weiohts  of  Rods 


Round  rods 

Square  rods 

Sise 
(inches) 

Area 
(square 
inches) 

Perimeter 
(inches) 

Weight  per 
foot  (pounds) 

Area 
(square 
inches) 

Perimeter 
(inches) 

Weight  per 
foot  (pounds) 

H 

0.0401 

0.7854 

0.167 

0.0625 

1.00 

0.212 

Ht 

0.0767 

0.9817 

0.261 

0.0977 

1.25 

0.333 

H 

0.1104 

1.1781 

0.375 

0.1406 

1.50 

0.478 

Ht 

0.1503 

1.3744 

0.511 

0.1914 

1.75 

0.651 

H 

0.1963 

1.5708 

0.667 

0.2500 

2.00 

0.850 

Ht 

0.2485 

1.7671 

0.845 

0.3164 

2.25 

1.076 

H 

0.3068 

1.9635 

1.043 

0.3906 

2.50 

1.328 

»H« 

0.3712 

2.1598 

1.262 

0.4727 

2.75 

1.608 

« 

0.4418 

2.3562 

1.502 

0.5625 

3.00 

1.913 

»?<• 

0.5185 

2.5625 

1.763 

0.6602 

3.25 

2.245 

H 

0.6013 

2.7489 

2.044 

0.7656 

3.50 

2.603 

»Me 

0.6903 

2.9452 

2.347 

0.8789 

3.75 

2.989 

1 

0.7854 

3.1416 

2.670 

1.0000 

4.00 

3.400 

Hs 

0.8866 

3.3379 

3.014 

1.1289 

4.25 

3.838 

H 

0.9940 

3.5343 

3.379 

1.2656 

4.50 

4.303 

Hs 

1.1075 

3.7306 

3.766 

1.4102 

4.75 

4.795 

H 

1.2272 

3.9270 

4.173 

1.5625 

5.00 

5.312 

Ht 

1.3530 

4.1233 

4.600 

1.7227 

5.25 

5.857 

H 

1.4849 

4.3197 

5.049 

1.8906 

5.50 

6.428 

He 

1.6230 

4.5160 

5.518 

2.0664 

5.76 

7.026 

H 

1.7671 

4.7124 

6.008 

2.2500 

6.00 

7.650 

Ht 

1  9175 

4.9087 

6.620 

2.4414 

6.25 

8.301 

H 

2.0739 

6.1051 

7.051 

2.6406 

6.50 

8.978 

»Ke 

2.2365 

5.3014 

7.604 

2.8477 

6.75 

9.682 

H 

2.4053 

5.4978 

8.178 

3.0625 

7.00 

10.410 

»Hs 

2.5802 

6.6941 

8.773 

3.2852 

7.25 

11.170 

H 

2.7612 

5.8905 

9.388 

3.5156 

7.50 

11.950 

»He 

2.9483 

6.0868 

10.020 

3.7539 

7.75 

12.760 

2 

3.1416 

6.2832 

10.680 

4.0000 

8.00 

13.600 
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Table  2.-Value8  of  k  and  j  for  Rectanoulab  Beams  and  Slabs 


n  " 

12 

n  — 

15 

n 

-  12 

n  - 

'  15 

p 

P 

k 

3 

k 

• 

k 

J 

k 

• 

0.0010 

0.145 

0.952 

0.158 

0.947 

0.0068 

0.330 

0.890 

0.360 

0.880 

0.0012 

0.155 

0.948 

0.169 

0.944 

0.0070 

0.334 

0.889 

0.365 

0.878 

0.0014 

0.166 

0.945 

0.181 

0.940 

0.0072 

0.338 

0.887 

0.369 

0.877 

0.0016 

0.177 

0.941 

0.192 

0.936 

0.0074 

0.342 

0.886 

0.372 

0.876 

0.0018 

0.186 

0.938 

0.202 

0.933 

0.0076 

0.345 

0.885 

0.376 

0.875 

0.0020 

0.196 

0.935 

0.217 

0.928 

0.0078 

0.349 

0.884 

0.380 

0.873 

0.0022 

0.2C1 

0.932 

0.222  . 

0.926 

0.0080 

0.353 

0.882 

0.384 

0.872 

0.0024 

0.212 

0.929 

0.231 

0.923 

0.0082 

0.356 

0.881 

0.387 

0.871 

0.0026 

0.220 

0.927 

0.240 

0.920 

0.0084 

0.360 

0.880 

0.390 

0.870 

0.0028 

0.227 

0.924 

0.248 

0.917 

0.0086 

0.368 

0.879 

0.394 

0.869 

0.0030 

0.235 

0.922 

0.258 

0.914 

0.0086 

0.366 

0.878 

0.398 

0.867 

0.0032 

0.241 

0.020 

0.263 

0.912 

0.0090 

0.370 

0.877 

0.402 

0.866 

0.0034 

0.248 

0.917 

0.271 

0.910 

0.0092 

0.373 

0.876 

0.405 

0.865 

0.0036 

0.254 

0.915 

0.277 

0.908 

0.0094 

0.376 

0.875 

0.407 

0.864 

0.0038 

0.260 

0.913 

0.284 

0.905 

0.0096 

0.379 

0.874 

0.411 

0.863 

0.0040 

0.266 

0.911 

0.292 

0.903 

0.0098 

0.381 

0.873 

0.414 

0.862 

0.0042 

0.270 

0.910 

0.297 

0.901 

0.0100 

0.385 

0.872 

0.418 

0.861 

0.0044 

0.276 

0.908 

0.303 

0.899 

0.0102 

0.387 

0.871 

0.420 

0.860 

0.0046 

0.281 

0.906 

0.309 

0.897 

0.0104 

0.391 

0.870 

0.423 

0.859 

0.0048 

0.286 

0.904 

0.315 

0.895 

0.0106 

0.394 

0.869 

0.426 

0.858 

0.0050 

0.291 

0.903 

0.320 

0.893 

0.0108 

0.396 

0.868 

0.429 

0.857 

0.0052 

0.205 

0.901 

0.324 

0.892 

0.0110 

0.398 

0.867 

0.432 

0.856 

0.0054 

0.300 

0.900 

0.329 

0.891 

0.0112 

0.402 

0,866 

0.434 

0.855 

0.0056 

0.304 

0.899 

0.333 

0.889 

0.0114 

0.404 

0.865 

0.437 

0.854 

0.0058 

0.309 

0.897 

0.337 

0.888 

0.0116 

0.407 

0.864 

0.440 

0.853 

0.0060 

0.314 

0.895 

0.344 

0.885 

0.0118 

0.410 

0.863 

0.443 

0.852 

0.0062 

0.317 

0.894 

0.348 

0.884 

0.0120 

0.412 

0.863 

0.446 

0.851 

0.0064 

0.322 

0.803 

0.352 

0.883 

0.0122 

0.415 

0.862 

0.448 

0.851 

0.0066 

0.325 

0.892 

0.356 

0.881 

0.0124 

0.417 

0.861 

0.451 

0.850 

p  = 


H 


Table  3. — Use  for  Rectanqular  Beams  and  Slabs 

V.  _        1 


•+«7; 


-I 


K 


Pfdcr^-f 


Ratio  of  Moduli     n  >-  12 


U 


K 


14.000 


16,000 


500 

0.300 

0.900 

550 

0.320 

0.893 

600 

0.340 

0.887 

650 

0.358 

0.881 

700 

0.375 

0.875 

750 

0.391 

0.870 

800 

0.407 

0.864 

500 

0.273 

0.909 

550 

0.292 

0.903 

600 

0.310 

0.897 

650 

0.328 

0.891 

700 

0.344 

0.885 

750 

0.300 

0.880 

800 

0.375 

0.875 

0.00536 
0.00630 
0.00728 
0.00831 
0.00937 
0.01048 
0.01162 

0.00426 
0.00502 
0.00582 
0.00666 
0.00753 
0.00844 
0.00938 


67.54 

500 

0.250 

0.917 

78.58 

550 

0.268 

0.911 

90.48 

600 

0.286 

0.905 

102.46 

18,000 

650 

0.302 

0.899 

114.78 
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0.318 

0.894 

127.59 
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0.333 
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140.62 
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0.348 

0.884 

61.98 
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0.231 

0.923 

72.50 
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0.248 
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83.49 
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0.912 

94.88 
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0.281 
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106.66 
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0.296 
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118.79 
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0.310 
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131.25 
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0.324 
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0.00347 
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0.00694 
0.00773 


0.00289 
0.00341 
0.00397 
0.00456 
0.00518 
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0.00640 


57.30 
67.19 
77.56 
88.36 
90.55 
111.11 
123.00 


53.26 
62.60 
72.50 
82.67 
93.31 
104.. 35 
115.60 


Ratio  of  Moduli      n  ■-  15 


14.000 


500 
550 
600 
650 
700 
750 
800 


16.000 


500 
550 
600 
650 
700 
750 
800 


0.349 

0.884 

0.371 

0.876 

0.391 

0.870 

0.411 

0.863 

0.429 

0.857 

0.446 

0.852 

0.462 

0.846 

0.00623 
0.00728 
0.00839 
0.00953 
0.01071 
0.01193 
0.01319 
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89.36 
102.08 
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128.56 
142.22 
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0.429 


0.894 
0.887 
0.880 
0.874 
0.868 
0.862 
0.857 


0.00499 
0.00585 
0.00680 
0.00769 
0.00867 
0.009^ 
0.01071 


71.30 
82.94 
95.04 
107.65 
120.37 
133.51 
146.87 
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700 
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0.314 
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0.351 
0.368 
0.385 
0.400 
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0.292 
0.310 
0.323 
0.344 
0.360 
0.375 
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0.867 
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0.00556 
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66.32 
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138.67 


0.00341 
0.00402 
0.00466 
0.00533 
0.00603 
0.00675 
0.00750 


61.98 

72.51 

83.47 

94.80 

106.57 

118.80 

131.25 
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Sectional  area  of  steel  per  foot  of  slab  and  weight  per  sq.  ft.  of  slab,  when  spaced  as  follows 
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Table  9.— Strength  of  Solid  Slabs 

For  Various  Percentages  of  Steel  when  (/.  =  16,000,  /«  -  650),  (/,  =  18,000,  /,  =  750)  and 

(/.  -  20,000,  fc  =  800) 
Ratio  n  —  15 

Above  heavy  line  M,  controls.    Below  heavy  line  Me  controls. 


1 

Slab 
thick- 
ness 
(inches) 

Effect- 
ive 
depth 
(inohes) 

Reinforcement 
(inches) 

Sect*l 

area 

As 

(12  in. 

wide) 

hd  (sq.  in.) 

P 

k 

• 

Moment  (inch-pounds) 

/,  -  16,000 

/.  -        650 

n  -  15 

/.  -  18.000 

/.  -        760 

n  -  15 

/•  -  20.000 

/«  -        800 

n  -  16 

Round 

Sqtiare 

. 

(Centers) 

(Centers) 

4 

3 

/  H'lOH 

H-  7H 

0.22 

36 

0.0061 

0.346 

0.885 

9.360 

10,510 

11,090 

4 

3 

/H-10 

H-7 

0.24 

36 

0.0067 

0.358 

0.881 

10,160 

11,420 

12,600 

4 

3 

IH-W 

lH-12 

0.25 

36 

0.0069 

0.363 

0.879 

10.550 

11.860 

13.100 

4 
4 
4 

8 
3 
3 

/H-9 

tH-4« 
/H-8 

(H-  W 
\  H-liH 
/H-6 
I  H-ioH 

^  H-iOH 

0.20 
0.28 
0.20 

36 
36 
36 

0.0072 
0.0078 
0.0081 

0.360 
0.380 
0.385 

0.877 
0.873 
0.872 

10,950 

12,310 
13,200 

13,680 

11,650 
11,780 

14.330 
14.500 

13,600 

4 

3 

f  H-  7H 
\  H-  4>4 

^  H-  9^4 

0.31 

36 

0.0086 

0.394 

0.869 

12,020 

13,870 

14,790 

4 

3 

/H-7 

l«-4 

^  H-  8K 

0.34 

36 

0.0004 

0.407 

0.804 

12,340 

14,240 

15,190 

4H 

3H 

rH-9 

/  «-  6H 
^  H-llH 

0.26 

42 

0.0062 

0.348 

0.884 

12.870 

14,480 

16,090 

4H 

3W 

I  H-  4H 

^  >i-10H 

0.28 

42 

0.0067 

0.358 

0.881 

13,810 

15,540 

17.270 

4H 

3H 

IH-  4H 

(H-^H 

0.29 

42  0.0060 

0.363 

0.879 

14.270 

16,060 

17.840 

4>i 
4H 

3H 
3H 

/  H-  7H 

[H-  7 
l«-4 

^  H-  9^4 
\  H-  8^4 

0.31 
0.34 

42 
42 

0.0074 
0.0081 

0.372 
0.385 

0.876 
0.872 

15.210 

17,110 

19.010 

16,040 

18.510 

19.740 

IH 

3H 

IH-IO 

/  >i-  4^ 

\  H-  8H 

0.36 

42 

0.0086 

0.304 

0.869 

16.360 

18,870 

20,130 

4H 

3H 

/H-  6 
1  H-  9H 

/H-4H 
I  H-  7^4 

0.30 

42 

0.0093 

0.406 

0.865 

16,780 

19.360 

20,660 

5 

/H-10 
IH-  5H 

«-7 

0.24 

48 

0.0050 

0.320 

0.893 

13,720 

15,430 

17,150 

5 

/H-12 
v  H-  en 

0.25 

48 

0.0052 

0.324 

0.892 

14.270 

16.060 

17.840 

6 

/H-  9 
l«-  5 

(  H-iiH 
IH-6H 

0.26 

48 

0.0054 

0.329 

0.891 

14,830 

16,680 

18,530 

5 

f  H-  8H 
1  H-  ^H 

IH-iOH 

\H-  6 

0.28 

48 

0.0058 

0.337 

0.888 

15,910 

17.900 

19,890 

5 

/H-  8 
I  H-  4H 

i  H-lOH 

0.20 

48 

0.0060 

0.344 

0.885 

16,430 

18.480 

20.530 

5 

/  H-  7H 
lH-4>i 

/  H-  9K 

0.31 

48 

0.0065 

0.354 

0.882 

17.500 

19.690 

21,870 

5 

/H-7 

lH-4 

0.34 

48  0.0071 

0.367 

0.878 

19.100 

21.490 

23,880 

5 
5 

/  H-  6>i 
lH-10 
/H-6 
l«-9H 

/  }i-  8K 
/  H-  7J4 

0.36 
0.30 

48  0.0076 

0.374 
0.385 

0.875 
0.872 

20.160 

22.680 

25.200 

48 

0.0081 

20.950 

24,170 

25,780 

5 

I  H-  8K 

/H-  7 
IH-  11 

0.43 

48 

0.0000 

0.402 

0.866 

21,720 

25.060 

26,740 
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Table  9. — (Continued) 


Slab 

Effect^ 

thiok- 

ive 

neM 

depth 

(inehes) 

(inched 

Reinloroement 
(inches) 


Round 


Square 


SeotU 

^\. 

area 

.9 

A. 

p 

k 

• 

(12  in. 

vide) 

2 

Moment  (inch-pounds) 


J. 


/•  -  16,000 

/•  -       650 

n  -  15 


/•  -  18,000 

/•-       750 

n  -  15 


5H 

4H 

5H 

4H 

5H 

4H 

6H 

4H 

5H 

4H 

5H 

4H 

6H 

4H 

5H 

4H 

5H 

4H 

6 

5 

6 

5 

6 

5 

6 

5 

6 

5 

6 

5 

6 

5 

6 

5 

6 

5 

6H 

5H 

6H 

5H 

6H 

fiH 

6H 

fiH 

6H 

fiH 

6H 

6H 

< 

1 

6H 

6>i 

{ 

(Centers) 

H-5 
H-8H 
H-4H 
H-S 

H-7 

H-4 

H-6H 

H-io 

H-  6 

H-9H 

H-  6H 

H-SH 

H-6 

H'7H 

H-8 

H-^H 

H-  7H 

H-4H 

H-7 

H-4 

H-6H 

W-IO 

H-  6 

H-9H 

H'6H 

H-SH 

H-6 

H-7H 
H-7 

H-8 
H-  4H 
H-7H 

H-7c. 
H-4c. 

H-6H 

H-io 

H-6 

H-«H 

H-8H 
H-5 

H-7H 


(Centers) 

H-UH 

H-6H 

H-lOH 
H-6 

H-iOH 

H-9H 
H-6H 
H-8H 
H-5 

H-8H 
H-4H 
H-7H 
H-4H 
H-7 

H-ll 

H-6H 

H-IO 

H-iOH 
H-6 

H-iOH 

H-6H 

H-9H 

H-6H 

H-SH 

H-  5 

H-8H 

H-7H 

H-4>i 

H-7 

H-li 

H-6H 

H-lO 

H-6H 

H-0 

H-iOH 

H-5H 

H-9H 

H-  6H 

H-8H 

H-6 

H-8H 

H-4H 

H-7H 
H-4K 

H-7 
H-ll 
H-6H 
H-10 


0.26 
0.28 
0.29 
0.31 
0.34 
0.36 
0.39 
0.43 
0.47 

0.28 
0.29 
0.31 
0.34 
0.36 
0.39 
0.43 
0.47 
0.52 

0.29 
0.31 
0.34 
0.36 
0.39 
0.43 
0.47 


54 


54 


54 


54 


54 


54 


54 


54 


54 


60 


60 


60 


60 


60 


60 


66 


66 


66 


66 


66 


0.0048 


0.0052  0.824 


0.315 


0.0054 


0.0057 


0.0063 


0.0067 


0.0072 


0.0080 


0.0087 


0.0047 


600.0048 


60  0.t)052 


60  0.0057 


0.0060 


0.0065 


0.0072 


0.0078 


0  0087 


0.0044 


66  0.0047 


0.0052  0.324 


0.0055 


660.0050 


0.0065 


0.0071 


0.329 


0.335 


0.350 


0.358 


0.360 


0.384 


0.396 


0.312 


0.315 


0.324 


0.335 


0.844 


0.854 


0.360 


0.880 


0.896 


0.303 


0.312 


0.331 


0.340 


0.354 


0.367 


0.895 


0.892 


0.891 


0.889 


0.884 


0.881 


0.877 


0.872 


0.868 


0.896 


0.895 


0.892 


0.889 


0.885 


0.882 


0.877 


0.873 


0.868 


0.809 


0.896 


0.892 


0.800 


0.887 


0.882 


0.878 


16,750 
17,980 
18,600 
19,840 
21,640 
22,840 


24,630 


20,070 
20,700 
22,120 
24,180 
25,490 
27,520 


80,170 


32.350 


33.510 


22.040 
24,440 
26,600 
28,200 
80,440 
33.870 


36.310 


18.850 
2a280 
2a930 
22,320 
24,350 
25,090 
27,700 


26.450  3a370 

27.150 


31.320 

22.580 
28.360 
24.890 
27,200 
28,670 
30,960 
33,040 
36,930 


88.670 

25,810 
27,500 
30.020 
31,720 
34,250 
37,550 
4a850 


/.  -  20.000 

/«  -   800 

n  -  15 


20.040 
22,480 
28,260 
24.800 
27,050 
28,540 
30.780 


32.550 
33.410 

25.090 
25.960 
27.650 
3a230 
31.860 
34.400 
37.710 


39,810 
41.240 

28.680 
3a550 
33,360 
ZpMO 
38,050 
41.720 
45.390 


11 


162 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  a-42 


Table  9. — {Continued) 


SUb 

Effect- 

thick- 

ive 

ness 

depth 

(inches) 

(inches) 

Reinforcement 
(inches) 


Round 


6H 
AH 

7 

7 
7 
7 
7 
7 
7 
7 
7 
7 

7H 
7H 
7H 
7H 
7H 
7H 
7H 
7H 
7H 
7H 

8 


Square 


Sect'l 

• 

area 

a 

A. 

• 

P 

k 

J 

(12  in. 

wide) 

.a 

Moment  (inch-pounds) 


/.  -  16.000 
A  -  650 
n  =  15 


6H 
5H 
6H 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

6H 

6>i 
6H 
6H 
6>i 

6H 

6H 
6H 


(Centers) 

H-4H 

H-7 

H-4 

H-  8 

H-  7H 
H-4K 

H-7 

H-4 

H-m 

H-io 
H-6 

H-8H 
H-7H 

H-7 
H-4 

«-8 
H-5 
«-7>i 

H-  7 
H-4 

W-10 

H-6 

H-  8H 

W-7^i 

H-4H 
H-7 

H-4 

^-  5H 
«-8 

H-5 

H-7H 
H-eH 

H-W 
H-lO 


(Centers) 

H-  5 
H-8 

H-4H 

H-  7 

H-9H 

H-5 

H-^H 
H-  7H 

H-7 
H-n 
H-dH 
H-io 

H-6 
H-8 
H-4H 
W-  7 
H-4 

H-QH 

H-SH 

H-^H 
«-4H 
H-  7^i 
«-  4H 
H-  7 
H-il 
H-6H 
H-iO 

H-  9 
H-5 
H-8 
H-4H 
«-  7 
H-  4 

H-8 

i  H-8H 
IH-4H 


0.52 


0.59 


0.67 


0  31 


0.34 


0.36 


0.30 


0.43 


0.47 


0.52 


0.59 


0.67 


0.74 


0.34 


0.36 


0.39 


0.43 


0.47 


0.52 


0.59 


0.67 


0.74 


0.85 


0.36 


66 


66 


0.0079 


0.0089 


66  0.0102 


72 


72 


0.0043 


0  0047 


72.0 .0050 


72 


0.0054 


72  0.0060 


72  0.0065 


72 


72 


72 


72 


78 


78 


78 


79 


78 


0.0072 


0.0082 


0.0093 


0.0103 


0.0044 


0.0046 


0.0050 


0.0055 


0.0060 


78  0.0067 


78 


78 


78 


0.0076 


0.0086 


0.0095 


78  0.0109 


84 


0.0043 


0.382 


0.400 


0  418 


0.300 


0.312 


0.320 


0  329 


0.344 


0.354 


0.873 


0.867 


0.861 


0.900 


0.896 


0.893 


0.891 


0.885 


0.882 


a.369  0 .877 


0.387 


0.406 


0.421 


0.303 


0.309 


0.320 


0.331 


0.344 


0.358 


0.376 


0.394 


0.409 


0.430 


0.300 


0.871 


0.865 


0.860 


0.899 


0.897 


0.893 


0.890 


0.885 


0.881 


0.875 


0.869 


0.864 


0.857 


0.900 


39.340 


40.900 


42,460 


26.784 


29.240 


30.860 


33.360 


36.530 


39.800 


43.780 


47.330 


49,310 


50.830 


31.790 


33.580 


36.220 


39.800 


43.260 


47.640 


53.690 


56.420 


58,230 


60,720 


36.290 


/.  -  18,000  /. 

fc  -  750 '/e 

n  -  15 


20.00C 
800 

«  15 


44.040 


47.190 
48.990 

30.120 
32.900 
34,720 
37,530 
41,100 
44,770 
49,250 


65.100 
67,190 
70.060 

40,820 


48,420 
50,350 
52.260 

33,480 
36.560 
38.580 
41.700 
45.670 
49.740 
54,720 


54.600 

58,250 

56,890 

60,690 

58,650 

62,560 

35,760 

39,740 

37,780 

41,980 

40,750 

45,270 

44.780 

49,750 

48.670 

54,070 

53.600 

59,560 

60.400 

66.720 

69.440 
71.660 
74,730 

45.360 
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Table  9. — {Continued) 


Reinforcement 

Secfl 
area 

1 

Moment  (inch-pounds) 

Slab 

Effect- 

(inches) 

• 

.2 

thick- 
new 
(inches) 

ive 
depth 
(inches) 

A. 

(12  in. 
wide) 

— •  1 

k 

• 

3 

/.  -  16,000 

/«  -        650 

A  -  15 

/.  -  18.000 

/«-       750 

n  -  15 

/.  -  20,000 

/e  -        800 

n  -  15 

Round 

Square 

2 

P 

(Ontere) 

(Centers) 

8 

7 

fH-6 

fH-7H 
\  H'  4>i 

0.39 

84 

0.0046 

0.309 

0.897 

39.180 

44.080 

48,980 

8 

7 

t  H-  8H 

/H-7 
\  H-n 

0.43 

84 

0.0051 

0.322 

0.893 

43.010 

48.380 

53,760 

8 

7 

/H-6 

i  H-  6H 

0.47 

84 

0.0056 

0.333 

0.889 

46,800 

52,660 

58.600 

8 

7 

(  H-  4H 

U6-7 

/  H-  6K 
1^-9 

0.52 

84 

0.0062 

0.348 

0.884 

51,480 

57.920 

64.360 

8 
8 
8 

7 
7 
7 

/H--4 
IH-7K 

/M-5 
I  M-8 

/  H-  4H 

lM-7 
/M-4 

0.59 
0.67 
0.74 

84 
84 
84 

0.0070 
0.0080 
0.0088 

0.365 
0.384 
0.398 

0.878 
0.872 
0.867 

58.020 

65.270 
73.610 

72.520 

63.990 
65.940 

78.760 
81.160 

76.090 

8 

7 

\K-8H 

/  H-  5H 
Wi-8 

0.85 

84 

0  0101 

0.419 

0.860 

68.860 

79.450 

84.750 

8K 

7M 

f  H-6c. 

/  H-  7Hc. 
I  H-  4K 

0.39 

90 

0.0043 

0.300 

0.900 

42.120 

47.300 

52,660 

8>4 

7H 

I  W-  8H 

;h-7 

0.43 

90 

0.0048 

0.315 

0.895 

46,180 

61.950 

57.730 

8H 

7H 

/H-  6 
I  «-  7H 

1^-10 

0.47 

90 

0.0052 

0.324 

0.892 

50.310 

56.600 

62.890 

8H 

7H 

/  H-  4H 

I  H-7 

I  W-  9 

0.52 

90 

0.0058 

0.337 

0.888 

55,410 

62.340 

69.260 

8H 

7H 

/H-4 

0.50 

90 

0.0066 

0.356 

0.881 

62.370 

70.170 

77.970 

8H 
8>i 

7H 
7H 

/  ?6-  6H 

IH-8 
/H-6 
I  ?i-  7K 

/M-4M 
I  H-7 
/H-4 
I  H-  6>4 

0.67 
0.74 

90 
90 

0.0074 
0.0082 

0.372 
0.387 

0.876 
0.871 

70.430 

79.230 

88.040 

73.960 

85.320 

91.010 

8H 

7H 

^  H-  8H 

\H-  8 

0.85 

90 

0.0094 

0.407 

0.864 

77,140 

89.010 

94.940 

8>i 

7H 

\  H-  7?i 

\  H-  7>i 

0.92 

90 

0.0102 

0.420 

0.860 

79.240 

91,430 

97,520 
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Table  10 


Depth 
(inches) 


Cubic  feet  in  one  linear  foot  of  beam  when  beam  widths  are  as  follows: 


6 


8 


9 


10 


11 


12 


13 


14 


15 


16 


8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


0.33 
0.38 
0.42 
0.46 
0.50 
0  54 
0.58 
0.63 
0.67 
0.71 
0.75 


0 
0 


79 
83 


0.44 
0.50 
0.56 
0.61 
0.67 
0.72 
0  78 
0.83 
0.89 
0.94 
1.00 
1.06 
1.11 
1.17 
1.22 
1.28 
1.33 
1.39 
1.44 
1.50 
1.55 
1.61 
1.67 
1.72 
1.78 


0.50 

0.56 

0.61 

0.67 

0.72 

• 

0.78 

0.83 

0.56 

0.62 

0.69 

0.75 

0.81 

0.88 

0.94 

0.62 

0.69 

0.76 

0.83 

0.90 

0.97 

1.04 

0  69 

0.76 

0.84 

0.92 

0.99 

1.07 

1.15 

0.75 

0.83 

0.92 

1.00 

1.08 

1.17 

1.25 

0.81 

0.90 

0.99 

1.08 

1.17 

1.26 

1.36 

0.88 

0.97 

1.07 

1.17 

1.26 

1.36 

1.46 

0.94 

1.04 

1.15 

1.25 

1.36 

1.46 

1.56 

1.00 

1.11 

1.22 

1.33 

1.45 

1.56 

1.67 

1.06 

1.18 

1.30 

1.42 

1.54 

1.65 

1.77 

1.12 

1.25 

1.38 

1.50 

1.62 

1.76 

1.88 

1.19 

1.32 

1.45 

1.58 

1.72 

1.85 

1.98 

1.25 

1.39 

1.53 

1.67 

1.81 

1.94 

2.08 

1.31 

1.46 

1.60 

1.75 

1.90 

2.04 

2.19 

1.37 

1.53 

1.68 

1.83 

1.99 

2.14 

2.29 

1.44 

1.60 

1.76 

1.92 

2.08 

2.24 

2.40 

1.50 

1.67 

1.83 

2.00 

2.17 

2.33 

2.50 

1.56 

1.74 

1.91 

2.08 

2.26 

2.43 

2.60 

1.62 

1.80 

1.99 

2.16 

2.35 

2.53 

2.71 

1.69 

1.87 

2.06 

2.25 

2.44 

2.62 

2.81 

1.75 

1.94 

2.14 

2.33 

2.53 

2.72 

2.92 

1.81 

2.01 

2.22 

2.42 

2.62 

2.82 

3.02 

1.87 

2.08 

2.29 

2.50 

2.71 

2.92 

3.12 

1.94 

2.15 

2.37 

2.58 

2.80 

3.01 

3.23 

2.00 

2.22 

2.44 

2.67 

2.89 

3.11 

3.33 

0.89 
1.00 
1.11 
1.22 
1.34 
1.45 
1.56 
1.67 
1.78 
1.89 
2.00 
2.11 
2.22 
2.34 
2.44 
2.56 
2.67 
2.78 
2.89 
3.00 
3.11 
3.22 
3.34 
3.44 
3.56 


NoTB.— For  concrete  weighing  150  lb.  per  cu.  ft.  convert  ou.  ft.  in  table  into  lb.  per  lin.  ft.  by  adding  half  of 
itself  to  any  given  quantity  and  shifting  decimal  point  two  places  to  the  right. 
ExAMPLB. — Beam  10  X  18  in.  —  1.25  cu.  ft.  per.  lin.  ft. 

1.25  +  (H  X  1.25)  -  1.88  -  188  lb.  per  lin.  ft. 
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Diagram  8. 
Use  to  Locate  Points  for  Bending  Reinforcement. 


100 

^ 

^ 

n 

^" 

"^90 

^ 

!^ 

s  ^ 

^ 

^ 

/^ 

?  An 

4 

4 

2 

• 

y 

y 

' 

7 

7 

L. 

*70 

^ 

/ 

/ 

'i-  TO 

IS 

/ 

> 

7^ 

7 

/ 

/ 

I 

TV 

1 

gW 

/ 

^■~ 

/ 

/ 

^50 

■ 

/ 

r 

z 

_/ 

r 

y 

r 

/ 

/ 

«>  .d^ 

/ 

/ 

./ 

r 

/ 

rs 

J 

/ 

> 

/ 

J 

r 

^ 

^  9/> 

/ 

^ 

/ 

-P  30 

t20 
J8> 

/ 

/ 

r 

7 

y 

/ 

r 

J 

J 

/^ 

• 

fk/ 

7 

1_   lA 

3^/ 

■-^ 

-W 
^J 

/ 

> 

r 

:/ 

0 

I 

/f 

0.1  02  03  04 

Loccd-ion  of  section  in  ternns  of  span  length 


90 
1100 


0.5 


43.  Reinforced  Concrete  Stairs. — Reinforced  concrete  on  account  of  its  fireproofness 
permanency  and  adaptability,  has  become  a  very  common  material  for  use  in  the  construction 
of  stairs  and  platforms,  and  has  superseded  to  no  little  extent  the  use  of  steel  and  iron  in  stair 
construction  in  many  types  of  buildings. 

The  most  essential  requirement  of  a  stairway,  with  the  exception  of  strength,  is  fireproof- 
ness, which  will  insure  a  safe  and  uninterrupted  exit  in  the  event  of  fire.  Stairway  shafts 
should  be  enclosed  with  fireproof  partitions  or  walls  having  fire  underwriters'  labeled  automatic 
firedoor  entrances. 

Stairways  are  usually  designed  with  short  straight  flights,  with  one  or  two  intermediate 
platforms.  Long  uninterrupted  flights  without  platforms  from  one  floor  to  that  of  another 
are  objectionable  and  seldom  employed. 

48a.  Design. — The  design  of  a  reinforced  concrete  stairway  embodies  the  sim- 
plest form  of  non-continuous  solid  slab  construction  with  span  equal  to  the  horizontal  distance 
center  to  center  of  supports.  The  stairway  consists  simply  of  a  solid  slab  with  risers  and  treads 
formed  upon  its  upper  surface.  The  span  of  the  slab  usually  includes  the  stairway  slab  and  a 
platform  between  the  supports.  The  stresses  in  the  latter  type  of  stairway  slabs  are  more  or 
less  indeterminate,  although  the  usual  practice  of  computing  such  irregular  ones  as  freely  sup- 
ported members,  has  given  satisfactory  results  in  every  known  instance. 

The  design  of  stairways  often  presents  awkward  problems  of  arrangement.  The  beginning 
of  the  stairway  slab  usually  rests  upon  a  beam  girder  or  special  member  at  the  floor  level,  and 
the  first  platform*  is  often  supported  by  an  intermediate  spandrel  beam  or  brick  wall  in  case  of  a 
wall  bearing  building.  ~  When  a  platform  occurs  on  the  interior  of  a  building  (Figs.  47  A  and  47  B)^ 
specially  devised  rod  hangers  are  usually  provided,  suspending  the  edge  of  platform  from  a 
beam  at  the  floor  above.  Such  hangers  should  be  .encased  preferably  in  concrete  and  concealed 
ia  partitions  when  the  same  enclose  the  stairway  (see  Figs.  47  A  and  47  B).  Occasionally  it 
is  required  to  design  a  stairway  of  unusual  span  without  the  opportunity  of  providing  inter- 
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mediate  supports.  In  this  case  inclined  concrete  stringers  or  beams  following  the  rake  of  the 
stairway  and  supporting  one  or  both  sides,  as  conditions  may  dictate,  are  employed  to  lessen 
the  span  of  stair  slab. 

When  a  winding  stairway  consists  of  three  stair  slabs  and  two  platforms,  the  intermediate 
stair  slab  is  often  supported  directly  by  the  two  platforms  (see  Figs.  48  A  and  48  5).     In  this 
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case  the  upperand  lower  stair  and  platform  slabs  in  combination  are  designed  to  support  the 
concentrated  load  of  intermediate  stair  slab,  in  addition  to  their  own  dead  and  live  loads. 

Stairwa3r8  are  usually  designed  for  a  superimposed  live  load  of  from  40  to  100  lb.  per  hori- 
zontal square  foot,  depending  upon  the  character  of  service  desired.  Theatres  and  public 
gathering  places  demand  greater  attention  to  the  live  loads  assumed  than  stairways  in  office 
buildings,  hotels,  warehouses,  etc.,  where  frequent  congestion  is  a  remote  possibility. 
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486.  Construction  and  Details. — Stairways  are  preferably  poured  at  the  same 
time  as  the  supporting  members.  If  constructed  after  the  floors  have  been  completed,  it  has 
often  proved  better  construction  to  install  the  reinforcement,  properly  spaced,  with  ends  of  bars 


Plan  "D-D"   2nd  Floor 
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projecting  a  sufficient  distance  into  the  supporting  members  at  floors,  prior  to  the  pouring  of 
floors,  otherwise  dowels  at  specified  intervals  should  be  inserted  long  enough  to  provide  suitable 
laps  for  stair  rods  when  placed.  In  addition  to  dowels,  rabbets  should  be  formed  by  means  of  a 
wood  strip  secured  to  the  side  of  beam  form,  to  form  a  support  for  the  future  stair  slab. 

The  method  employed  to  finish  the  tread  or  run  of  a  stairway  is  of  considerable  importance 
when  considering  durability  and  safety.    The  finish  of  tread,  being  subjected  to  the  severest 
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max,  should  be  treated  with  one  of  the  rect^nised  chemical  or  metallic  surface  or  integral  floor 
luudBneiB  or  elae  safety  treads  of  some  dedrable  make  should  be  employed  to  render  the  etaip- 
way  peimanent  and  safe  (see  fig.  49). 


First  to  SecoTid  Floor 


like  rise  of  a  stair  represents  the  distance  front  the  top  of  one  step  to  the  top  of  the  next 
1  (he  ran  the  horisontal  distance  from  the  face  of  one  riser  to  the  face  of  the  next.     The  cub- 
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o  7>^  in.  and  the  ruD  from  10>i  to  11  in.    A  rise  gieater 
n  making  a  stairway  too  steep  for  comfort  and  safety 


tomaiy  rise  employed  varies  from  6^  ti 
than  7>j  is  objectionable  and  results  ii 
(see  Fig.  50). 

At  the  upper  juncture  of  risers  and  treads,  sharp  or  angular  comers  should  be  avoided  in 
the  ease  of  cement  finish.     Rounded  nosings  of' cement  are  more  desirable  in  the  abaenoe  of 


Fia.  4fi. 


metallic  treads,  marble,  etc.     When  cement  finishes  are  used,  the  same  should  be  applied  soon 
after  the  stair  is  poured  (see  Fig.  51). 

The  railing  most  commonly  used  conaiate  of  a  2-in.  gas  pipe  rail  with  stanchionB  at  proper 
intervals  to  insure  rigidity.  The  stanchions  are  usually  secured  in  pockets  provided  by  wood 
plugs  placed  prior  to  pouring  oF  concrete,  or  by  means  of  expansion  botta. 


Fio.  so,  Pra.  Bl. 

Concrete  railings  are  often  used  where  open  railings  are  undesirable.  This  form  of  nulins 
consists  of  a  reinforced  concrete  slab  3  t^  4  in.  thick  with  provision  for  a  wood  hand  rail  secured 
to  the  top.  The  hand  rail  should  be  placed  on  an  average  of  about  2  ft.  6  in.  above  the  tread 
on  a  line  vertical  with  the  face  of  riser. 


WOODEN  GIRDBRS 
By  Henry  D.  Dewell 

The  loads  coming  upon  the  girders  of  a  floor  system  consist  of  the  loads  delivered  b; 
the  floor  joists,  plus  the  weight  of  the  girders  themselves,  plus  any  loads  coniinK  directly 
upon  the  girder,  as  distinguished  from  loads  transmitted  by  the  joists.  Girders  ofteo  carry 
partition  loads  directly. 

In  office  buildings,  dwelling  bouses,  and  certain  areas  of  other  buildings,  cxcluuve  of 
warehouses  and  storage  buildings,  where  crowds  of  people  cannot  congregate,  the  live  Inad 
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coming  upon  the  girders  is  reduced  in  intensity.     The  reduction  factor  la  epecilted  in  building 
ordinances,  and  is  usuaJly  taken  as  20  %. 

Horiiontal  shear  at  the  ends  of  girders  often  governs  the  girder  section,  as  in  the  case  of  short 
spans  with  heavy  loading,  and  this  stress  should  always  be  checked. 

"Hie  end  connections  of  girders  are  of  much  more  importance  than  the  end 
connections  of  joists,  as  the  girders  of  a  buildii^;,  together  with  the  posts,  usually 
form  the  stiffening  frame  of  the  building  against  lateral  forces.  Particular  atten- 
tion also  needs  to  be  paid  to  the  design  of  the  support  of  wooden  girders,  as  _ 
failure  of  a  girder  would  mean  the  probable  collapse  of  at  least  a  whole  floor  bay.  b  u  i  i  t  -  ii  p 
Wooden  prdefB,  even  if  continuous  over  two  spans,  are  generally  computed  Sj^"  ''''" 
as  simple  beams. 

"nie  detail  of  end  connection  of  girders  will  depend  on  the  type  of  building.  If  such  building 
is  of  mill  construction  with  heavy  masonry  walls,  the  wall  ends  of  girders  should  be  encased 
in  wall  boxes,  the  inner  end  connections  designed  to  allow  the  girders  to  fall,  in  case  of  fire, 
without  pulling  the  columns  with  them.     In  other  types  of  buildings,  as  the  mill  type,  stiff 

id     oonneetions    of    girders    to 
j    posts  may  be  desirable. 

M.  Girders  of  SoUd  Soctloii. 

— The  section  of  wooden  girders 

Fio.  63.-B«iK-i.p,trder-typ.  (2).  composed  of  solid  sticks  of  timber 

are   to  be    designed    exactly    as 

treated  under  "Wooden  Beams." 

U.  Bollt-np  Wooden  Girders. — Built-up  wooden  girdere  may  be  divided  into  the  fol- 
lowing types: 

(1)  Girders  constructed  of  planking,  set  side  by  side,  the  width  of  plank  vertical,  as  in 
Kg.  62. 

(2}  Girders  constructed  of  two  or  more  timbers  set  on  top  of  one  another,  but  not  fastened 
together,  as  in  Fig.  53. 

(3)  Orders  constructed  of  two  or  more  timbers  set  on  top  uf 
one  another,  and  diagonally  sheathed  with  boards  or  planking,  oa 
in  Fig.  54. 

(4)  Girders  constructed  of  two  or  more  timbers  set  on  top  of 
one  another,  and  effectively  fastened  together  by  means  of  hard 
wood  or  metal  keys  or  pins,  combined  with  bolting,  as  in  Fig.  55. 

Type  (1). — A  girder,  or  beam,  of  this  type,  if  all  planking  ex- 
tends the  full  length  of  girder,  is  of  full  nominal  thickness,  and  is 
well  s|Hked  and  bolted  together.     It  is  generally  given  credit  for 

being  somewhat  stronger  than  a  girder  or  beam  of  solid  section  of  Pra.  54.— Built-up  ^idei— tn>a 
the  same  dimensions,  since  the  planking  is  assumed  to  be  better  '^'' 

seasoned  and   freer  from   defects,   particularly  checks,   than  the 

larger  solid  timber.  A  construction  of  this  type  is  often  observed  in  small  buildings  where 
planks  are  more  easily  obtained  than  heavy  timbers,  and  where  the  solid  section  construction 
might  incur  purchase  of  additional  material  by  the  contractor. 
'i  Insuf^cient  spiking,  lack  of  proper  bolting,  probability  of  planking 
H  under-running  in  thickness,  thus  giving  an  actual  sise  of  finished 
H  beam  less  than  the  solid  section,  possibility  of  some  planks  being 
■^  spliced,  and  the  probability  of  upper  surface  of  girder  being 
i  uneven — i.e.,  one  plank  projecting  higher  thsii  another,  giving 
bearings  for  the  joista — are  practical  reasons  for  always 
advocating  the  beam  of  solid  section.  Incidentally,  no  building 
ordinance  gives  the  built-up  girder  any  advantage  in  strength. 
Solid  seetionB  should  be  insisted  upon  for  important  beams.  When  it  is  necessary  to  use  this 
type  of  built-up  girder,  provide  two  bolt«  at  each  end,  and  pairs  of  bolts  at  intervals  of  2  ft. 
along  the  length  of  beam,  the  Edze  of  bolts  to  be  not  less  than  ^  in.,  and  preferably  ^  in. 
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Type  (2). — This  type  of  girder  should  never  be  used.  The  strength  of  the  combined 
section  is  practically  no  more  than  the  sum  of  the  strengths  of  the  component  sticks,  cacii 
stick  acting  as  a  separate  beam.  Even  if  such  a  girder  should  be  constructed  of  planking,  well 
spiked  together,  the  above  statement  of  resulting  strength  would  hold,  as  the  nailing  would  be 
insufficient  to  prevent  one  plank  from  slipping  on  another. 

Type  (3). — In  this  type  of  built-up  girder,  as  in  the  following  type,  the  object  of  all  con- 
nections between  the  component  sticks  (usually  two)  is  to  prevent  relative  motion  along  the 
plane  of  contact.  If  this  condition  of  no-slip  could  be  attained,  the  compound  girder  would 
have  the  strength  of  a  single  stick  of  timber  of  the  same  outside  total  dimensions.  Type  (3) 
is  considerably  less  efficient  than  Type  (4),  both  as  regards  ultimate  strength  and  deflection 
under  load.  The  diagonal  sheathing  is  spiked  to  the  timbers,  and  the  sheathing  should  be  at 
45  deg.  with  the  length  of  girder. 

Tests  made  by  Edgar  Kidwell  (see  Trans.  Am.  Soc.  Mining  Engineers,  1897,  vol.  27)  showed 
an  efficiency  of  approximately  70%.,  based  on  the  ultimate  strength,  as  compared  to  a  beam  of 
solid  section,  while  the  efficiency  factor  based  on  deflection  was  about  50%. 

The  sheathing  for  such  girders  should  be  not  less  than  1 K  in.  and  not  over  2  in.  in  thickness. 
With  such  sheathing  the  nails  should  be  10  or  12-D  for  the  smaller  thickness,  and  20  to  30-D 
for  the  2-in.  sheathing.  For  a  girder  supporting  uniform  load  the  diagonals  near  the  ends 
require  the  most  spikes.  The  spiking  in  each  diagonal  should  be  concentrated  near  the  plane 
of  jimction  of  the  timbers,  and  at  the  ends  of  the  diagonals. 

In  designing  a  girder  of  this  type,  it  must  be  remembered  that  the  case  is  not  igmil^r 
to  that  of  U  truss.  In  a  truss  are  two  chords,  in  each  of  which,  due  to  the  small  depth  of  chord 
as  compared  to  the  large  depth  of  truss,  the  stress  is  practically  uniform  throughout  the  cross 
section  of  each  chord,  and  the  diagonals  take  either  tension  or  compression.  The'side  planking 
in  the  built-up  girder  under  discussion  is  subjected  to  bending  moments,  and,  consequently, 
the  nails  take  unequal  loading.  Any  slip  of  the  nails  under  stress  allows  a  corresponding  slip 
in  the  plane  of  contact  of  the  two  main  timbers,  with  a  consequent  deflection  of  the  girder. 
By  referring  to  p.  239  it  will  be  found  that  nails  under  lateral  or  shearing  strain  slip  at  a 
small  load. 

Type  (4). — In  the  girders  of  this  class,  the  tendency  of  one  timber  to  slip  over  the  other  is 
resisted  by  wedges,  keys,  or  pins  driven  into  the  contact  faces  of  the  timbers.  These  wedges, 
whether  rectangular,  square,  or  round,  perform  their  main  function  through  bearing  against  the 
ends  of  the  fibers  of  the  timbers.  A  second  action  is  pressure  across  the  fibers  of  the  timbers. 
The  action  of  these  wedges  tends  to  separate  the  two  timbers,  resulting  in  tension  in  the  bolts. 
The  amount  of  such  tension  depends  primarily  upon  the  shape  of  wedge.  For  example,  a 
square  key  will  produce  a  greater  bolt  tension  than  a  rectangular  key  with  long  axis  paialld 
to  the  length  of  girder,  while  a  circular  key  or  pin  will  give  the  greatest  tension  in  the  bolts. 

The  number  and  size  of  keys  is  to  be  determined  directly  from  consideration  of  horizontal 
shear  in  the  girder,  in  accordance  with  the  principles  of  Sect.  1,  Art.  63,  and  illustrated  in  the 
typical  example  hereafter. 

The  bolts  in  such  a  girder  are  assumed  to  take  only  tension,  although,  due  to  their  resistance 
to  lateral  forces,  they  add  somewhat  to  the  strength  of  the  girder.  However,  it  is  alwa3rs  advi»- 
able,  and  on  the  safe  side,  to  neglect  such  lateral  resistance  of  the  bolts. 

Kidwell's  series  of  tests  on  girders  of  this  type  showed  a  maximum  efficiency  of  75  to  80% 
of  an  equivalent  girder  of  solid  section,  the  former  figure  representing  girders  with  white  oak 
keys  and  the  latter  figure  with  keys  of  iron. 

Any  shrinkage  in  the  timbers  will  allow  the  component  parts  of  the  girder  to  separate, 
with  a  consequent  loss  of  efficiency,  and  an  increased  deflection.  As  fully  seasoned  timber 
is  not  always  available,  this  type  of  girder  should  be  avoided  for  cases  in  which  the  major  portion 
of  the  load  is  a  constant  load.  For  situations  in  which  the  girder  carries  live  load  for  the  greater 
part,  in  which  access  may  be  had  to  tighten  the  bolts  as  the  wood  seasons,  and  when  it  is  reason- 
ably  certain  that  such  maintenance  will  be  given,  this  girder  may  be  used  with  confidence. 
Obviously,  the  keyed  girder  is  particularly  unsuited  for  such  locations  as  will  prohibit  acce^ 
for  tightening  the  bolts,  as  in  a  floor  system  ceiled  underneath. 
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46.  Examples  of  Design  of  Solid  and  Built-up  Girders. — The  following  t3rpical  examples 
will  illustrate  the  method  of  design  for  the  most  common  cases  that  will  be  encountered: 

Condiiiont  of  Design: 

Span:  26  ft 

Loading:  Uniform  load  of  1500  lb.  per  linear  foot. 

One  concentrated  load  of  6000  lb.,  7  ft.  from  left  support. 
One  concentrated  load  of  14,000  lb.  at  center  of  span. 
One  concentrated  load  of  2000  lb..  9  ft.  from  risht  support. 
Timber:  Long  leaf  yellow  pine,  Dense  Structural  Grade. 

The  reacUons  are  given  in  Fig.  56  and  the  bending  moment  curves  in  Fig.  57.     The  parabola  of  moments  for 
uniform  load  is  plotted  above  the  base  line,  and  the  polygon  of  moments  for  concentrated  loads  below  this  line. 
The  following  unit  streaees  will  be  used: 

Bending  stress  on  outer  fibers 1800  lb.  per  sq.  In. 

Longitudinal  shear 176  lb.  per  sq.  in. 

Bearing  across  grain 400  lb.  per  sq.  in. 

Bearing  against  gridn 1800  lb.  per  sq.  in. 

Solid  Oirder. — Maximum  bending  moment  >■  248, 100 
ft.-lb.  From  Table  6,  p.  108.  an  18  X  24-in.  girder,  sur- 
faced to  17H  X  23H  iD>.  has  a  resisting  moment  of 
241,610  ft.-lb.,  which  will  be  near  enough  to  be  used,  or 
a  double  girder  may  be  tised.  For  example,  2  —  14  X 
20-in.  sticks  would  have  a  safe  resisting  moment  of 
256,670  ft.-lb.  The  required  cross  section  for  longi- 
tudinal shear  is 


H(81,600) 
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■  271  sq.  in. 


6AVA 


t4fi00ibi     ZfiCOnx 


^Lcr. 


wffi 


■O'-O' 


4< 


1 


Fio.  56. — ^Loads  and  reactions  for  girder  of  Art.  56. 


Fia.  57. — Diagram  for  bending  moments  and  spacing 
of  shear  kejrs  for  girder  of  Art.  46. 


Either  of  the  above  girders  has  an  excess  of  timber  for  shear. 

BuiU^^p  Oirdert. — Type  (1)  could  not  be  considered,  as  no  standard  planking  20  or  24  in.  is  made. 

Type  (2)  would  require  2  —  14  X  20-in.  sticks,  one  on  top  of  the  other — an  impractical  consideration. 

Type  (8). — Maximum  bending  moment  -  248.100ft.-lb.  Using  an  efficiency  factor  of  70  %  the  moment  to  be 
dtaigned  for  is  355,000  ft. -lb.     Assume  a  width  of  14  in.     The  required  section  modulus 

S  .  ^^^J-^^  -  2370 


1800 


d-   V— 


(2370)  (6) 


13.5 


-  32.4  in. 


Use  2  -  14  X  18-in.  sticks,  finished  section  13>^  X  35  in. 

Use  2X  12-in.  sheathing  both  sides,  spiked  with  40-D  nails — detail  similar  to  that  of  Fig.  54. 
Type  (4)  .-^Assume  efficiency  factor  of  80% 

248.100 


Designing  moment 


80 


-  310.000  ft.-lb 


.  (3ip.000m2)  ,  ^^^^ 
180C 

Asraming  a  width  of  IZyi  in.,  the  required  depth  is  found  to  be  30.2  in.     Use  2  -  14X  16-in.  sticks,  S4S,*  actual 
combined  section  13H  X  31  in.,  section  modulus  2160. 

A  shear  diagram  is  next  constructed,  as  shown  in  Pig.  58(a).  Each  ordinate  of  this  diagram  represents  the 
total  vertical  shear  at  the  point  where  the  ordinate  is  taken,  and  this  total  vertical  shear  is  proportional  to  the 
maximum  intensity  of  the  horisontal  shear  at  the  same  point.  Considering  Point  (1),  directly  under  the  concen- 
trated load  of  6000  lb.,  the  total  vertical  shear  just  to  the  left  of  this  point  is  31.600  -  (7)  (1500)  -  21,100  lb.     The 

*  Surfaoed  four  sides. 
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rdinatei  is  theieloM— ^ 5 '■ 21,850  tl,-lb.     The  ■~.^n...n.  intenrnty  ot  tusuonUl 

imedikUly  to  Ibe  ti«b(  ol  Point  (1).  ia 

,,    r        .,      21,100  „„,, 

°-«M  -«(i3>^(3l)"  ^« '"■'»' «'■"'■ 
a  to  find  a  laeftnfl  for  datArmiaiiia  tbe  proper  BpftOiDc  of  keyiL  Two  metbods  will  be  «acpUiii«d- 
or  this  purpose,  the  total  vertical  shear  between  the  point  of  aero  shear  and  each  point  of  dir^ 
iputed  by  adding  together  the  djAAreDtial  shears  between  thesa  two  poiata.  The  oorreepondinc 
n,  giving  the  line  ABC  in  Fig.  5e(A).  The  eummation  of  the  vertical  shears  to  the  left  of  the 
p<^t  of  Hroahear  is  fouod  to  be24S,0fi0  [t.-lb.;  agreeing 
with  the  value  of  the  bending  moment,  whinh  furniabea 
■  check  on  the  work.  Similarly,  the  nimmation  of 
e  to  the  right  of  the  point  of  aero  ahe«c 


will^ 


reasons.  aU  keys  will  be  of 
icrefore  be  itreaeed  uniformly, 
vary.  The  number  of  keys 
ill  be  taken  at  S. 


I     the  spacing  of  n 

■     ■     the  left  half 

Method    2,— A    much   simpler  method    for 
acting  the  total  shear  diagram  will  now  be  ah< 
Fig.  S7  the  dot-dash  Une  repreaenU  the  curve  of  tbe 


lordioa 


ourves  for  the  uniloi 

U  the  horiiontt 

apei  of  thil  total  E 


B  of  this  run 
oidinates  of  the  minnent 
loadingi. 
1  throu^   the 


between  tbe  euive  and  base  hne,  into  5 
Uon  of  keys.    Rslerring  to  either  Hg. 

of  girder  may  be  found  in  the  same  mai 
Qirdxr  vUh  Recian^vlar  Xsyj.— To 

keys.     Asaume  1 

fifth  ol  the  total 

The  required  dimeiuions  of  eac 

upon  the  key  are  shown  in  Fig.  se. 
Let  p'  -  maiimuni  sllowa 


pacing  of  the  ke; 
is  divided  into  fi 


r  Fig.  S7.  the  prop 
>ve  example  the  gtp 


i  the  ares  ADK.  (Fig.  58b)  or  ADS  CFl^  67) 
a  on  the  girder  thus  found  determine  tbe  posa- 
r  spacing  of  keys  for  the  left  half  of  the  ginleT 
The  spaciog  of  keys  for  the  right  of  the  eeiit«i 


will  Gnt  be  designed  for  rectangular  ei 
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ths  grain,  uid  with  a  width  at 


Pio.  ei.— DetukorbDilt-upgirdei 


47.  Flitch-pUtB  Girders. — A  flitch-plate  girder  is  a  combination  girder  of  timber  uid  ateel, 
composed  of  two  sticks  of  timber  nith  a  B(«el  plate  between  them,  or  three  Bttcks  of  timber  with 
two  ateel  plates,  bolted  tt^ether,  the  contact  planes  between  timber andsteel  plate beingparallel 
to  the  plane  of  bending  (see  Fig.  62). 


rrfj-^Sa^ma/h^  •• 


Tbie  combination  girder   ia    seldom  f-  -^-i 

used  at  the  present  time,  the  usual 

availability  of  steel  structural  shapes     ^^       p  ^^ 

making   the  flitch-plate  girder   prac-      4^V        L  L 

tically     obsolete.       Situations      may    Sectrao 
sometimes  exist,  however,  when  the  I* — ■ 

use  of  this  type  of  girder  may  be 
warranted. 

Consider  any  plane  cross-section  of  such  a  combination  girder:  the  deflection  and  also  the 
deformation  of  all  points  in  such  section  on  a  Une  uormal  to  the  plane  of  bending  must  be  the 


_gl(,t_ 
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same.  Since  the  modulus  of  elasticity  is  the  ratio  of  stress  to  deformation,  it  follows  that 
the  extreme  fiber  stresses  of  timber  and  steel  will  be  in  proportion  to  their  moduli  of  elasticity, 

or  where  the  subscripts  "T'  and  "»"  represent  timber  and  steel,  respectively.  This  relation 
of  extreme  fiber  stresses  means  practically  that  with  the  steel  plate  woricing  efficiently  (extreme 
imit  fiber  stress  of  16,000  lb.  per  sq.  in.)  the  limiting  extreme  imit  fiber  stress  in  the  timbers  is 
approximately  }{g  to  Ho  of  the  allowable  working  stress  for  steel.  In  the  case  of  a  flitch-plate 
girder  of  long-leaf  yellow  pine  and  steel,  the  timber  would  be  stressed  to  approximately  90O 
lb.  per  sq.  in.  The  timber  is  therefore  working  at  an  efficiency  of  about  50%,  while  that  steel 
plate  in  the  rectangular  section  is  only  approximately  55%  efficient  as  compared  to  an  I-beam 
of  equal  depth  and  weight. 

As  an  illustration  of  the  computation  for  the  strength  of  a  flitch-plate  girder,  assume  a  girder  composed  of  3  — 
4  X  16-in.  timbers  of  No.  1  Common  Douglas  fir  (finished  section  3H  X  15H  in.),  with  two  H  X  15H-ui.  steel 
plates  between  the  timbers.  With  a  span  of  24  ft.,  it  is  desired  to  find  the  safe  load,  uniformly  distributed,  that  the 
girder  will  support. 

Maximum  allowable  unit  fiber  strras  in  timber  *  1500  lb.  per  sq.  in. 

Maximum  unit  fiber  stress  for  steel  plate  -■  16,000  lb.  per  sq.  in. 

S  for  Doiiglas  fir  -  1,600,000 

B  for  steel  «  29,000.000 

1,600.000 
Therefore,  for  flitch-plate  girder,  the  maximum  unit  fiber  stress  in  bending  can  be  only    '  -qI  q--   (16,000)  ■-  880 

lb.  per  sq.  in. 

The  resisting  moment  of  the  three  timbers  in  footrpounds  (see  8ect.  1.  Art.  61eO  is 

(880)  (10.6H240) 
(6) (12; 

The  resisting  moment  of  the  two  steel  plates  is 


^-^^•(.^)-^-'"VeKil^-  -=«'•-''*•■■'•■ 


nf       ^  ruAf  r^\       (16.000)  (0  75)  (240)       .^  nno  ff   m 
^-  6  ^     (12) (6)(T2)  -  ^^'^  ^^^'^^' 


(6) (12) 

The  combined  resisting  moment  is  therefore 

30,800  -f-  40,000  -  70,800  ft.-lb. 
3/  =  H  TTL  -  70,800  ft.-lb. 
W  .  (70.8^H8)  ,  23^.,^, 

The  detail  of  this  girder  is  shown  in  Fig.  62.  The  timbers  and  steel  of  the  flitch-plate  girder  should  be  well 
bolted  together;  such  bolting  should  consbt  of  not  less  than  two  ^4~iii-  bolts,  2-ft.  centers. 

In  designing  a  flitch-plate  girder  for  a  definite  span  and  loading,  the  thickness  of  timber  should  be  from  16  to 
18  times  the  thickness  of  steel. 

48.  Trussed  Girders. — For  situations  in  which  the  span  or  loading,  or  both,  are  too  great 
for  a  girder  of  single  timber  section,  the  trussed  girder  type  is  effective,  if  space  limitations  will 
allow  its  use.  The  trussed  girder  is  preferable  to  either  the  built-up  or  deepeped  girder,  or 
to  the  flitch-plate  girder,  principally  on  account  of  its  efficiency  and  reliability  of  action.  In  the 
trussed  girder  no  fear  need  be  entertained  as  to  decrease  of  initial  efficiency  or  increase  of  de- 
flection from  initial  conditions,  due  to  shrinkage  of  timber,  with  consequent  slip  of  fastenings. 

Trussed  girders  may  be  divided  into  four  types,  as  follows: 

(1)  Kind  Post  trussed  girder. 

(2)  Queen  Post  trussed  girder. 

(3)  Reversed  King  Post  trussed  girder. 

(4)  Reversed  Queen  Post  trussed  girder. 

These  types  are  illustrated  in  Figs.  63,  64,  65  and  66. 

Trupsed  girders  are  adapted  particularly  for  either  uniform  loading  or  concentrated  loads 
situated  symmetrically  with  respect  to  the  center  line  of  girder.  Both  the  Queen  Post  girder 
and  the  Reversed  Queen  Post  girder  are  unsuited  for  unsymmetrical  loading.  Since  each  con- 
tains a  rectangular  panel,  loading  unsymmetrical  in  distribution  with  respect  to  the  center 
line  of  girder  will  cause  bending  stresses  in  the  joints  of  the  girder,  which  cannot  take  such. 
stresses. 
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The  detennination  of  the  stresses  in  a  trussed  girder  is  a  problem  in  least  work.    For 
practical  purposes  the  following  approximate  formulas  are  sufficient: 

Uniformly  DiairibuM  Loading: 

FISB.  63  and  65.     (King  Post  and  Reversed  King  Post  types) 

Tension  in  DB  (Fig.  63)  or  compression  in  BD  (Fig.  65)  -  ^TT 

Tension  in  AB  and  BC  (Fig.  63)  or  compression  in  AB  and  BC  (Fig.  65)  -  Mi-r- 

Compression  in  AD  and  DC  (Fig.  63)  or  tension  in  AD  and  DC  (Fig.  65)  -  ^{«-^ 

To  the  stresses  thus  found  in  members  AB  and  BC^  must  be  added  the  flexural  stresses  resulting  from  these 
members  acting  as  beams  carrying  the  uniform  loading  between  A  and  B.  and  B  and  C 


Fio.  63. — King  post  girder. 


Fia.  64. — Queen  post  girder. 


The  bending  moment  in  inch  pounds  in  AB  and  BC  ia  Af  -  (1/8) (IF/2) (2/2) (12)  ^  HWl\  also  M  ^  fS  ^ 
/(H5(<*).     The  maximum  unit  flexural  stress  is,  therefore, 

2.25  IF/ 


/- 


bd* 


Figs.  64  and  66.     (()ueen  Post  and  Reversed  Queen  Post  types) 

Tension  in  FB  and  SC  (Fig.  64)  or  compression  in  BF  and  CE  (Fig.  66) 


■•«^r 


Tension  in  AB,  BC  and  CD  (Fig.  64)  or  compression  in  AB,  BC  and  CD  (Fig.  66)  -  ^Ho 


/ 


Compression  in  FE  (Fig.  64)  or  tension  in  FB  (Fig.  66) 
Compression  in  AF  and  ED  (Fig.  64)  or  tension  in  AF  and  DE  (Fig.  66) 


^Mo* 


'Ho 


h 
Wa 


As  in  the  king  poet  truss,  to  the  unit  stress  in  the  members  AD  from  the  formula  above  must  be  added  the 
flexural  stress  due  to  the  timber  acting  as  a  beam.     The  extreme  fiber  stress  due  to  this  bending  may  be  taken  as 


/- 


6d> 


Fio.  65. — Reversed  King  post  girder. 


FxQ.  66. — Reversed  Queen  post  girder. 


ConeentraiBd  Loading: 

Figs.  63  and  65.     (King  Post  and  Reversed  King  Post  types) 
Concentrated  load  P  at  center  of  span. 

Tension  in  DB  (Fig.  63)  or  compression  in  BD  (Fig.  65)  »  P 
Tension  in  AB  and  BC  (Fig.  63)  or  compression  in  AB  and  BC  (Fig.  65)    -  ^ 


Compression  in  AD  and  DC  (Fig.  63)  or  tension  in  AD  and  DC  (Fig.  65) 


4A 
Pa 

2h 


Obviously,  there  are  no  flexural  stresses  in  this  case  to  be  added  to  the  primary  stresses  found  above. 
Figs.  64  and  66.     (C^ueen  Post  and  Reversed  Queen  Post  tyi>e8) 
Concentrated  load  P  at  B  and  C 

Tension  in  FB  and  EC  (Fig.  64)  or  compression  in  BF  and  CE  (Fig.  66)  -  P 

Tension  in  AB,  BC  and  CD  (Fig.  64)  or  compression  in  AB^  BC  and  CD  (Fig.  66)  »  ^^ 

h 

Compression  in  FE  (Fig.  64)  or  tension  in  FE  (Fig.  66)  -  ^^ 

Compression  in  AF  and  ED  (Fig.  64)  or  tension  in  AF  or  ED  (Fig.  66)  -  ^ 
The  stiussuB  resulting  from  these  formulas  are  all  that  need  to  be  considered. 
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48a.  Details  of  Trussed  Girders. — In  the  girders  of  Figs.  63  and  64,  the  vertical 
members  only  are  of  iron  or  steel,  in  the  form  of  rods.  Since  such  rods  are  short,  plain  rods — 
i.e.,  without  upset  ends — should  be  used.  Attention  must  be  given  to  the  washers,  to  the  end 
that  sufficient  area  be  provided  to  avoid  crushing  the  fibers  of  the  timber.  As  great  a  depth 
as  possible  should  be  given  to  these  girders,  not  alone  to  reduce  the  stresses  and  the  deflection 
but  in  order  that  the  stresses  of  the  end  connections  may  be  kept  within  limits.  With  a  small 
depth  of  girder,  the  inclination  of  the  members  AD  and  DC  of  Fig.  63,  and  AF  and  ED  of  Fig. 
64  will  be  so  small  that  it  may  be  found  impossible  to  design  connections  at  A  and  C  of  Fig. 
63  and  A  and  D  of  Fig.  64  that  will  hold.  As  a  matter  of  fact,  trussed  girders  of  these  types  are 
seldom  used. 

The  horizontal  timbers  of  the  girders  of  Figs.  66  and  66  may  be  single  sticks  or  double  or 
triple  sticks  of  timber,  spaced  with  a  distance  between  sufficient  to  allow  the  diagonal  rods  to 
pass.  One  or  two  rods  may  be  employed.  The  ends  of  the  timbers  are  usually  beveled  off  at  the 
upper  comers  to  provide  a  seat  for  the  washers  of  the  rods.  The  vertical  struts  may  be  of 
timber  or  of  cast  iron,  and  must  be  sufficient  in  section  to  take  their  stress  acting  as  columns. 
The  unit  bearing  stress  between  the  upper  end  of  the  strut  and  the  chord  timber  must  be  within 
the  allowed  limit  for  cross  bearing.  To  accomplish  this,  the  strut  may  be  given  the  area  required 
for  bearing,  or  a  smaller  strut  sufficient  for  column  action  may  be  employed,  and  a  steel  plate 
washer  used.  The  strut  should  be  designed  with  as  wide  a  base  as  possible,  as  there  is  a  tend- 
ency to  pull  the  struts  out  of  line,  when  the  rods  are  tightened.  Similarly,  at  the  lower  end  of  the 
struts,  the  bearing  between  rods  and  the  strut  must  be  examined.  Cast-iron  washers  with 
grooves  for  the  rods,  are  often  used.  To  do  away  with  the  necessity  for  cast  iron  shoes,  square 
bars  are  sometimes  used  instead  of  round  rods,  and  a  flat  steel  washer  placed  at  the  bottom  of 
the  strut,  the  bend  in  the  bars  being  made  just  outside  the  strut. 


•  /I 


sHOstA 


Defoll  Bottom  Cosfing 
Fig.  67. — Detail  of  trussed  girder. 

lUustratiTe  Problem. — Reqmred  to  design  a  tnissed  girder,  as  shown  in  Fig.  67.  for  a  building  to  be  used  for 
light  storage;  span  22  ft,  depth  on  center  lines  3  ft.  4  in.,  loading  uniform  2000  lb.  per  lin.  ft.,  material  dense  South- 
ern yellow  pine  and  steel. 

The  modulus  of  elasticity  of  the  timber  will  be  taken  at  1,200,000,'  the  corresponding  quantity  for  steel  at 
29,000,000.     Assume  dead  weight  of  girder  at  50  lb.  per  lin.  ft.     Then  total  load  per  lin.  ft.  «-  2050  lb. 

Total  load  -  (22)  (2050)  -  45.0001b. 


(5)(45,000)(22)        .rt,;^,, 
-  "(32)(3.33r~       *®'^  ^^' 


Direct  stress  in  beam  AB  «  BC 

Stress  in  strut  BD  <-  Oi)  (45.000)  -  28,1001b. 
Stress  in  rod  AD  »  DC  -  ^^^^^^  -  48.600  lb. 


Length  a  -   \/(ll)»  +  (3.33)*  ■"  11.5  ft. 
Sise  of  rod: 

At  16,000  lb.  per  sq.nn.,  the  required  area  of  rod  is 

48.600       -  ^ 

re^ooo  -  3-^  »^- »°- 

A  1^-in.  square  bar  is  required,  upset  at  the  ends  to  2>^  in. 
1  This  low  value  will  be  used  in  computing  deflection,  since  its  assumed  load  is  largely  constant  or  fixed. 
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Siae  of  strut: 

For  bearing  between  the  strut  and  beam  the  area  required  at  300  lb.  per  sq.  in.  is 

28.100       «, 
-3^^  -  94  «i.  in. 

For  the  column,  the  area  required  is 

28.100       ^        . 
TOOCT   -28sq.in. 

ffiae  of  beam: 

Aasume  an  8  X  16-in.  timber,  S4S.     The  section  modulus,  from  Table  6,  p.  108,  is  300.31.     The  maximum 

.,  ^.        ,         .    (31,000)(12)        ,^^,. 
umt  fiber  stress  is  — ^'anp  o "  1240  lb.  per  sq.  in, 

£Knce  the  area  of  section  is  116.25,  the  direct  stress  is 

46,600        .^^ ,,  , 

nos  -«»>»>•  p"  •<i-  In- 

The  maximum  unit  stress  on  the  extreme  fibers  is  therefore 

1240  +  400  -  1640  lb.  per  sq.  in. 
End  washer: 

An^e  between  the  plane  of  the  washer  and  direction  of  the  fibers  of  wood  ia 

cor » Y^  -  3.30  -  73  deg . 

Allowable  unit  pressure  by  Diagram  4,  p.  249  i«  1200  lb.  per  sq.  in. 

Area  required  is 

48.600       .- 

"mo-  "  ^°  •^-  '"• 

Add  area  hole,  or  40  +  5.4  —  45.4  sq.  in.  i«  total  gros  area  required. 
Side  of  square  washer  «  \/45.4  *  6.75  in. 
The  short  diameter  of  a  square  nut  for  a  2>'i-in.  rod  is  3^  in. 
The  bending  moment  on  washer 


M  -  ^5i^  (iHs  -  ^H*)  -  8700  in.-lb. 


The  required  section  modulus 


--S-o'^ 


Then,  with  a  width  of  6K  in- 

S  -  (H)(6.75)(d«)  -  0.363,  or  d  -  0.57  in. 

Washer  will  be  made  6fi  X  6f^  X  H  in. 

An  8  X  12-in.  timber  will  be  used  for  the  strut,  and  top  and  bottom  castings  used  as  detailed  in  Fig.  67. 

486.  Deflection. — The  exact  method  for  finding  the  deflection  of  a  trussed  girder  is 
a  problem  in  least  work.  An  approximate  solution  will  be  illustrated  below.  In  the  example  of 
Fig.  67,  assume  the  average  depth  between  center  line  of  the  8  X  16-in.  beam  and  the  center 
line  of  rod  as  ^th  total  depth,  or  25  in.  This  dimension  is  the  depth  at  the  third  point  of  the 
length  of  girder.     Compute  the  equivalent  moment  of  inertia  of  the  girder  at  thb  point. 

Area  8  X  16-in.  timber  -  (7H)(15H)  -  116  sq.  in. 
Equivalent  area  in  steel  -  (116)  (^^•^'^)  -  4.81  sq.  in. 

Area  l^i-Ajx.  square  bar  «  3.06  sq.  in. 

These  equivalent  areas  are  25  in.  on  centers.     Then  center  of  gravity  of  combined  sections  is 

25  -  <lf^>-  9.7  in. 

below  oenter  line  of  the  8  X  16-in.  beam. 

Moment  of  inertia  of  combined  section: 

(4.81)(9.7)«  -    452.6 
(3.06)(26  -  9.7)«  -    716.0 

1168.5 
r^^^^  ^^*  (5)  (45.000)  (18.399.744) 

Deflection  -   -3^^^^    -  (334) (29.000.000) (1168. 5)  "  ^'^^'^  *°  '  ^^  ^«  *"*• 

It  must  be  realized  that  this  method  is  approximate  only,  the  principal  indeterminate  fac- 
tor being  the  assumed  average  depth.  For  the  case  of  the  reversed  Queen  Post  type,  the  depth 
should  be  taken  as  the  distance  between  the  center  line  of  beam  and  the  center  line  of  the  hori- 
xontal  rods. 
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PLATE  AND  BOX  GIRDERS 

By  Alfred  Wheeler  Roberts 

For  long  spans  and  heavy  loads,  which  are  excessive  for  the  rolled  sections  of  beams  and 
girders,  plate  or  box  girders,  built  up  of  plates  and  angles,  are  used.  The  most  simple  form  of 
plate  girder  is  composed  of  one  web  plate  and  four  angles,  as  shown  in  Fig.  68.  Another  form  of 
the  plate  girder  is  one  with  flange  plates,  as  shown  in  Fig.  69. 

For  methods  of  determining  reactions,  moments,  shears,  and  moment  of  inertia  of  sections, 
see  chapters  in  Sect.  1.  See  also  the  chapter  on  ''Steel  Shapes  and  Properties  of  Sections  " 
in  Sect.  2.  Steel  beams  and  beam  girders  are  treated  in  a  preceding  chapter.  Riveting  is 
treated  in  the  chapter  on  "Connections  Between  Steel  Members." 

49.  Determination  of  Resisting  Moment. — There  are  two  general  methods  used 
in  determining  the  resisting  moment  of  plate  and  box  girders.  The  accurate  method 
which  is  much  to  be  preferred  in  all  cases  for  heavy  shallow  girders,  is  called  the 
moment  of  inertia  method.  In  this  method  the  procedure  is  the  same  as  for  determin- 
ing the  resisting  moment  of  a  simple  rolled  beam.  The  moment  of  inertia  is  figured 
_.      ^^     for  the  total  net  section  of  the  member  and,  from  that,  the  moment  of  resistance  or 

FIG.   oS. 

section  modulus. 

The  approximate  or  chord  stress  method  assumes  that  the  tensile  and  compressive  stresses 
are  distributed  uniformly  over  the  entire  area  of  the  tensile  and  compressive  flanges  respectively. 
The  moment  arm  of  the  couple,  or  "effective  depth, "  then,  is  the  distance  between  the  centers 
of  gravity  of  the  flange  sections. 

There  is  absolutely  no  doubt  but  that  the  web  takes  some  of  the  bending  and  relieves  the 
flanges.  Consequently,  most  specifications  permit  H  of  the  gross  area  of  the  web  to  be  counted 
at  the  center  of  gravity  of  each  flange  section.  For  shallow  girders,  it  is  customary  to  design 
by  the  approximate  method  and  then  check  the  design  by  the  moment  of  inertia  method. 

50.  The  Web. — The  depth  of  a  girder  is  governed  by  the  width  of  the  web  plate  and  to  pro- 
duce the  minimum  deflection  should  not  be  less  than  }{2  of  the  span.  Some  authorities,  how- 
ever, permit  Ks  to  Ko  of  the  span  for  depth.  If  these  ratios  are  used,  care  should  be  taken 
that  there  is  sufficient  metal  in  the  flanges  to  reduce  the  deflection.  The  welj  should  have  suflS- 
cient  sectional  area  to  take  all  the  vertical  shear,  which  is  maximum  at  the  supports,  and  is 
generally  figured  at  10,000  lb.  per  sq.  in.  on  the  gross  area  of  web.  Many  specifications  give  a 
value  for  shear  based  on  the  net  section.  The  net  area,  which  takes  into  account  the  holes 
caused  by  rivets  in  the  end  stifTeners,  is  sometimes  assumed  as  ^  the  gross  area.  In  the  illus- 
trative problems  of  this  chapter,  a  shear  of  10,000  lb.  per  sq.  in.  is  allowed  on  the  exact  net  section. 

The  thickness  of  web  plates  should  be  not  less  than  Heo-of  the  unsupported  distance  be- 
tween flange  angles  and  not  less  than  ^{^  in.  thick. 

Since  edges  of  the  web  plates  are  not  likely  to  be  straight  unless  planed,  the  back 
of  the  flange  angles  are  usually  set  J^  in.  beyond  the  edge  of  the  plate. 

51.  The  Flanges. — The  tension  flange  should  be  designed  to  have  sufficient  net 
section  to  take  the  tensile  stress,  allowing  from  14,000  to  16,000  lb.  per  sq.  in.  in  the 
extreme  fiber.  An  allowable  stress  of  16,000  lb.  is  quite  generally  used  in  designing 
by  both  the  moment  of  inertia  and  chord  stress  methods. 

The  compression  flange  for  ordinary  cases  should  not  have  less  gross  area  than  the  tension 
flange  and  should  not  have  an  unsupported  lateral  length  of  more  than  30  times  its  width 
(see  Art.  16c). 

If  the  A.R.E.A.  column  formula  (see  Sect.  1,  Art.  97)  is  taken  as  a  basis,  and  allowance 
made  for  the  bracing  effect  of  the  web  in  a  horizontal  direction  (see  also  Art.  16e),  the  maximum 

streas  in  compression  flange  should  not  be  more  than  16,000  —  200,-  and  not  to  exceed  14,000 

lb,  per  sq.  in.  for  girders  with  angles  only  or  with  angles  and  flange  plates.     In  the  formula 
L  =  unsupported  length  and  b  =  width  of  flange. 

If  the  flange  has  a  channel  in  place  of  a  flange  plate,  or  if  it  has  reinforcing  angles  riveted 
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to  the  general  flai^  angles,  thus  congregating  a  mass  of  metal  on  the  extreme  edges  of  the 
section,  it  is  penniasibte  to  stress  it  up  to  16,000  —  150,-  but  not  to  cxeced  14,000  lb.  per  sq.  in. 
In  proportioning  mcmbera  to  make  up  flange  sections,  it  is  desirable,  if  possible,  to  put  at 
leaat  one-half  the  total  flange  area  required  in  the  chord  angles.  A  flange  should  never  be 
proportioned  so  that  the  cent«r  of  gravity  is  outside  the  backs  of  the  chord  angles.  As  the  re- 
quired flange  area  varies  with  the  bending  moment,  flange  plates  when  required  may  be  built 
up  of  several  plates  of  different  lengths,  each  one  of  which  needs  be  only  aa  long  as  theoretically 
needed  plus  a  length  at  each  end  which  will  accommodate  sufficient  rivets  to  develop  the 
stress  carried  by  the  plate. 

It  there  ia  more  than  one  cover  plate  in  a  flange  section,  it  is  good  practice  to  run  the  plate 
next  to  the  chord  angles  the  full   length,   especially  if  the  girder 
carries  a  wall  or  is  used  as  a   grillage  prder  to  distribute  the  load 
over, a  foundation. 

02.  Stiffener  Angles. — Stiffener  angles  should  be  placed  at  the 
ends  of  girders  and  at  the  inner  edges  of  bearing  plates  and  should 
be  of  sufficient  section  to  take  the  end  buckling  (see  Fig.  70).  They 
should  be  riveted  to  the  girder  with  a  sufficient  number  of  rivets  to 
take  the  vertical  shear. 

To  prevent  buckling  of  the  web  between  supports,  stiffeners 
ahould  also  be  placed  at  points  of  concentrated  loads  and  at  inter- 
mediate  points  when  the  thickness  of  the  web  is  less  than  }^o  of  the 

unsupported  distance  between  flange  angles  (see  Fig.  71).  They  should  not,  however,  be 
spaeed  farther  apart  than  the  depth  of  the  full  web  plate,  with  a  maximum  spacing  of  5  ft. 
(In  this  connection,  see  Art.  16c.) 

Stiffener  angles  at  ends  of  girders  and  at  points  of  concentrated  loads  should  be  designed  aa 
ocdumns  taking  the  shear  or  load  as  the  case  may  be  through  sufficient  riveta  to  transmit  it  to 
or  from  the  web.  In  calculating  these  aa  colimma,  their  length  is  to  be  considered  aa  one-half 
the  depth  of  the  girder.  In  proportioning  the  sixes  of  these  main  stiffeners,  the  outstanding  leg 
should  not  be  less  than  J^g  of  the  depth  of  the  girder  plus  2  In.  It  is  considered  good  practice 
aod  good  construction  to  make  the  outstanding  tegs  of  stiffener  angles  t  in.  less  than  the  out- 
standing leg  of  the  chord  angles. 

In  proportioning  the  siie  of  intermediate  stiffener 
angles,  which  are  simply  to  prevent  buckling,  there  is  no 
accurate  way  to  determine  their  size,  but  in  common  prac- 
tice they  are  generally  made  the  same  siie  aa  the  end 
'  stiSenere  only  of  thinner  metal,  and  the  rivets  are  spaced 
twice  as  far  apart  as  in  the  end  stiffener  angles.  All 
stiffener  angles  should  be  milled  to  bear  top  and  bottom 
against  the  chord  angles  and  although  they  are  sometimes 
crimped  to  avoid  the  use  of  fillers  under  them,  it  is  con- 
sidered by  most  authorities  to  be  better  construction  to 
provide  filleis  under  the  stiffeners  and  avoid  crimping. 
p,g^  7]^_  S8.  Web  and  Flange  Splices. — It  sometimes  becomes 

necessary  to  splice  the  web  of  a  girder,  either  on  account  of 
the  excessive  shipping  length  of  the  member  or  owing  to  the  web  plate  being  unobtainable  in 
one  piece.  The  maximum  lengths  at  which  wide  plates  are  obtainable  are  given  in  the  various 
steel  manufacturers'  handbooks.  For  design  of  web  splices,  see  Art.  127.  For  design  of  flai^e 
splices,  see  Art.  128. 

Bi.  Web  Rireting.— When  a  girder  is  loaded  there  is  a  tendency  for  the  flange  angles  and 
plates  to  slide  horiiontally  past  the  web,  due  to  the  horizontal  shear.  The  horizontal  shear  at 
any  point  along  the  connection  between  flange  and  web  per  linear  inch  of  girder  is  given  by  the 
general  formula  (sec  Sect.  1,  Art.  63) 

VQ 
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in  which  vi  —  horizontal  shear  per  linear  inch  of  girder. 

V  =  total  vertical  shear  at  section  through  point  under  consideration. 

Q  =  statical  moment  of  the  two  flanges  about  the  neutral  axis  of  girder  at  the  section 

considered. 
/   B  moment  of  inertia  of  entire  cross  section  of  girder  about  neutral  axis  of  girder  at 

the  section  considered. 

The  above  formula  gives  the  horizontal  shear  per  linear  inch.  If  a  load  is  applied  directly  to 
the  top  flange  at  the  section  considered,  under  which  no  stiffener  angles  are  used,  the  rivets 
at  this  point  in  the  top  flange  would  evidently  have  a  vertical  component  of  stress  as  well  as  a 
horizontal  component.  The  vertical  component  to  consider  would  be  the  load  per  inch  of 
girder.  The  stress  to  use  in  determining  the  rivet  pitch  in  such  a  case  would  be  the  resultant 
of  these  two  components. 

In  especially  heavy  and  shallow  girders,  where  the  girder  is  designed  by  the  moment-of- 
inertia  method,  the  rivet  pitch  in  the  web-legs  of  the  flange  angles  should  be  determined  as 
suggested  above.  For  ordinary  conditions,  however,  where  the  chord-stress  or  approximate 
method  is  used,  the  horizontal  shear  per  linear  inch  is  foimd  by  dividing  the  shear  at  the  section 
considered  by  the  effective  depth  at  that  section.  The  following  simple  formula  may  be  em- 
'  "^^     ployed  for  figuring  rivet  spacing  at  any  point: 

I  ^. ^  _..x^i.  _  effective  depth  X  rivet  value 


I 


Rivet  pitch  = 


The  rivet  pitch  at  the  end  of  a  girder  is  usually  assumed  constant  for  a  distance 

equal  to  the  effective  depth  of  the  girder. 

Pio.  72.  "^^  number  of  rivets  required  in  the  end  stiffener  angles  and  the  number  of 

rivets  required  for  a  distance  equal  to  the  effective  depth  adjacent  to  the  end  is  identicaL 

Rivets  should  not  be  spaced  closer  than  3  diameters  of  the  rivets  apart  or  a  greater  distance 

than  16  times  the  least  metal  thickness,  with  a  maximum  of  6  in.  on  centers. 

In  designing  plate  or  box  girders,  the  spacing  of  rivets  should  be  investigated  to  make  sure 
that  the  section  can  be  developed  for  the  shear,  as  in  many  cases  girders  are  designed  which 
cannot  be  properly  riveted. 

66.  Flange  Riveting. — Cover  plates  should  be  riveted  at  their  ends  with  rivets  spaced  from 
2yi  to  3  in.  on  centers  to  develop  the  stress  which  the  plate  is  taking.  Some  speci- 
fications call  for  the  member  to  be  fully  developed  in  rivets.  The  rivets  in  the  re- 
mainder of  the  plate  should  be  spaced  not  over  16  times  the  least  metal  thickness 
and  not  over  6  in.  on  centers  in  a  direction  parallel  with  the  line  of  stress.  The 
maximum  edge  distance  for  any  rivet  should  not  be  greater  than  8  times  the  least 
thickness  of  metal  and  not  over  6  in .  The  maximum  distance  apart  in  a  direction  at 
right  angles  to  the  line  of  stress,  should  not  exceed  32  times  the  least  metal  thickness. 

66.  Web  Reinforcement — ^Web  plates  are  reinforced  against  buckling  with  stiffener  angles, 
as  explained  in  Art.  52.     If  a  girder  has  a  heavy  load  concentrated  near  a  support,  thus  produc- 
ing a  large  amount  of  shear  at  the  support,  it  is  not  economical  to  provide  a  web  the  entire 
length  of  the  girder  capable  of  withstanding  the  maximum  shear.     This  can  be  overcome  by 
,^^^^^^^'reinforcing  the  web  plate  by  the  addition  of  reinforcing  web  plates,  as  shown  in  Fig. 
I   1 1    r  '72  and  only  extending  this  plate  far  enough  beyond  the  point  where  it  is  needed 
to  develop  it  with  rivets. 

67.  Box  Girders. — For  a  girder  requiring  a  large  amount  of  resistance  to 
g   g.    ^     shear,  or  a  wide  flange  for  lateral  stiffness  and  for  distributing  of  loads  either  to 
I   II   1     or  from  the  girder,  the  box  girder  is  very  effective.     Two  common  types  are  shown 
Fia.  74.     in  Figs.  73  and  74. 
58.  Combined  Stresses. — Probably  the  best  example  of  combined  stresses  due  to  com- 
pression and  lateral  bending  is  the  top  flange  of  a  crane  runway  girder,  which  is  taking  com- 
pression due  to  the  vertical  load  and  is  taking  lateral  bending  due  to  the  cross  travel  of  a  load 
on  the  crane.    The  extreme  fibers  should  be  designed  to  take  the  combined  stress  due  to  direct 
compression  and  compression  produced  by  bending. 
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St.  Infomutloii  Regarding  ninatratire  Probl«nis. — Following  are  illuatrative  problems 
in  the  dedga  of  piate  and  box  girders  for  ordinary  canditiona.  The  norkjng  BtreseeB  used  are 
taken  for  illustrative  purposes  only.     Other  working  streaaea  may  be  aubatituted. 
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Fio.  78.  Then 

U  -  (11. 07)  (10.000)  (45.as>  -  8,000,000  iii.-lb. 

niutntiTa  ProUam.  Piatt  Qirdtr  vUh  Plant*  PlaU: — Malu  ■  aeasriJ  desicD  of  ■  pl&ta  girdei  (o  apui  75  ft' 
and  to  aiqipart  ths  oooasntntad  l«di  ihowa  in  Fi(.  78,  with  &  dspth  limited  to  ■  d-H.  wsb  plate.  Cousidar  3i 
oC  tha  aroaa  af«a  oJ  ttia  web  plata  ai  fl«n(a  aaction  and  aaaama  that  allowanDe  haa  been  made  in  tha  loadi  ai^an.  to 
Mk*  eat*  of  the  dead  weiaht  of  the  sirder  itaalf.     Reaotiona  are  sboim. 

Aa  mantianadinAit-M,  tha  wabahouldnotbalaaain  thiakneaathan  Hae  o)  the  elaar  diatanoa  betwagn  Saaw 
analita  Tharefors,  aaaiiniin(  that  tba  Bonce  analaa  wilt  have  Mn.  Isaa  acainat  the  webi.  the  lewt  thiokneaa  that 
tb*  web  ahould  be  made  ia -|2g  -  0.377 in. — aay  H  in.  A  73  X  K-ii>-  wgb  will  be  inveaticatad  lor  ahaai.  Aaaum-' 
inc  that  tb«  (inler  wiU  fraioa  into  a  coIuidq  at  the  anpporta  b]r  meau  ol  ths  and  atiDenai  analaa,  the  number  of  K' 
in.  rlnla  (0030.  bearioc  value  on  K-ia>  ^eb)  nqidted  at  tba  end  to  take  the  maiimum  abeai  ia 


118.000 
S830 


-  21  Tive' 


a  tallawini  M-io.  hole  for  a  K-in.  rivet)  ia 
(72)  (0.37S)  -  37.0  aq.  I 

minni  (21)  (0.370)  (0.87S)     -     e.SO  *q. 


2ailwi,  In.  net.  Via.  TJ. 

Tbasthe  web  will  baaood  tor  (20.11)  (laOOO)  -  201,100  lb.,  and  la  tbenforeiood  tor  the  gheu. 

Ai  the  point  of  maximum  bendina  moment  ia  at  the  point  where  the  aheu  ohancea  aian,  M  oceuia  at  the  OO,* 
OOO-lb.  load  and  equala  3,838,000  ft.-lb.  Aaaumina  the  eSecUve  depth  to  be  fi  ft.  S  in.,  the  fluiie  atnw  will  b« 
^^ii~  "  M0,sa0  lb.  Then  the  flaofe  area  requlr«d  will  be  ,.|--^  —  27.88  aq.  In.  net,  and  the  flanae  oan  be 
aiunpoaad  aa  foOowa: 

(M)  (72)  (0.378)  -     3.378 

3  an^ea  6  X  8  X  M  (mintu  2  holea  in  eaoh)  -  10  400 
1  FI.  14  X  'Hi  (minua  3  holea)         ,  -     8.421 

28. 100  aq.  Id. 

Tba  loQCtb  of  the  oovgr  plate  un  be  determined  either  analytioally  or  araphically.  It  ean  ba  found  aDalrt> 
loaUy  hj  detarminina  the  point  at  each  aide  of  the  aection  of  maiiXDam  moment  where  the  chord  analaa  aad  portion 
o(  the  web  considered  aa  Banae  area  ia  suffidBiit  to  take  tha  flanae  atreai.  The  araphieal  method  is  commonly  uaed 
however,  where  there  are  a  numtier  of  coneentratiooa.  Thia  method  ia  alao  very  convenient  for  a  airdei  with  a 
uniform  load  in  whieh  cne  bendiaf  moment  vorica  in  the  form  of  a  parabobD  ourvo. 

For  the  caae  in  hand  a  dia(Tam   ah^uld  be  plotted,  aa  in  Ha.  77. 
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Lay  off  a  line  A-B  to  any  convenient  scale  equivalent  to  the  span  of  the  ^rder.  Lay  off  points  to  scale  where 
the  different  oonrantrated  loads  occur,  as  C,  D,  J?  and  F.  Calculate  the  bending  moments  at  each  of  these  points 
and  lay  them  off  to  some  convenient  scale  at  right  angles  to  line  AB,  such  as  CO,  DH,  EK  and  FL.  Draw  a  line 
oonnecting  A,  O,  H,  K,  L,  and  B  which  will  give  the  bending  moment  diagram. 

At  the  maximum  moment  point  D  divide  line  DH  into  as  many  equal  parts  as  there  are  square  inches  in  the 
total  flange  area  and  lay  off  on  thb  line  the  proportional  part  of  the  area  contained  in  each  portion  of  the  flange 
section,  such  as  DM  «  area  of  H  gross  area  of  web  plate,  MN  «  net  area  of  2  angles  6  X  6  X  ^.  and  NH  ■>  net 
area  of  the  14  X  ^He-in.  cover  plate. 

Where  the  horisontal  line  passing  through  point  N  intersects  the  bending  moment  line  each  side,  will  be  the 
eictreme  length  for  which  cover  plate  is  required.  However,  the  plate  should  be  extended  each  side  a  sufficient 
distance  beyond  these  points  to  permit  the  plate  to  be  developed  with  sufficient  rivets  before  it  is  actually  needed 
as  a  part  of  the  girder.  At  each  point  where  the  concentrated  loads  occur  there  should  be  stiffener  angles  of  suffi- 
cient sise  and  with  enough  rivets  to  transmit  into  the  web  the  loads  applied. 

The  end  stiffeners  should  be  capable  of  tiaking  the  end  web  buckling  and  be  riveted  to  the  web  with  sufficient 
rivets  to  take  the  end  shear. 

Since  the  web  is  less  in  thickness  than  Me  of  the  unsupported  distance  between  flange  angles,  the  girder  must 
be  provided  with  intermediate  stiffener  angles  at  a  distance  not  over  5  ft.  apart  to  prevent  the  buckling  of  the  web. 

niustrative  Problem.  Box  Oirder. — Design  a  box  girder  supporting  two  10-in.  H-columns,  each  carrying  a 
load  of  176,000  lb.  as  shown  in  Fig.  78,  assuming  that  an  allowance  is  made  in  the  loads  given  to  include  the  dead 
weight  of  the  girder.     Ai  -  A,  -  176.000  lb.     3f  (max.)  -  3.520.000  ft.-lb. 

As  Ha  of  the  span  is  a  good  proportion  for  the  depth  of  the  web  plate,  assume  that  a  60-in.  web  plate  will  be 
used.  On  account  of  the  manner  in  which  the  loads  are  delivered  to  the  g^er  a  double  web  or  box  girder  will  make 
the  best  section  to  use,  placing  the  webs  under  the  flanges  of  the  coltmm. 

Consider'the  design  of  the  web  for  shear.     As  the  reaction  is  1 76,000  lb.  and  the  allowable  shearing  stress  10,000 

lb.  per  sq.  in.,  a  net  area  of    iq'qqq  ■■  17.6  sq.  in.,  will  be 

needed.     The  number  of  rivets  required  in  the  end  stiff- 
ener angles,  to  take  the  end  reaction,  asstiming  %i-m, 
nCOOOib  fTOiOOO/b.  lil^     rivets  in  singl6  shear  (4420  lb.,  shearing  value  of  each 

^  '  ■  '  fore  the  net  width  of  the  web  plate,  allowing  H-in.  h<de 

for  a  H-in.  rivet,  will  be  60  -  (20)  (0.876)  -  42.5  in. 
Then  the  combined  thickness  of  the  two  webs  required 
will  be 

42:5  "  °-*^  '''' 

FiQ.  78.  -^B  eticYi.  web  should  not  be  of  leas  thickness  than  He  in., 

each  web  will  be  made  60  X  H«  in. 

Assuming  the  effective  depth  to  be  67  in.  -  4.76  ft.,  the  maximum  flange  stress  will  be    '      J, —  -  741,052 

lb.     Then  the  flange  area  required  at  this  point  will  be    iq'qqq  =  46.31  sq.  in.  net.     Considering  X  of  the  groes 

area  of  the  web  plate  as  flange  area  and  assuming  the  cover  plates  to  be  24  in.  the  flange  may  be  composed  of  the 
following: 

iH)  (2)  (60)  (Ms)  -    4.68 

2  angles  6  X  6  X  ^H«  (minus  2  holes  in  each)     -  15.34 

1  PI.  24  X  ^  (minus  2  holes)  -  13.90 

1  PI.  24  X  Hs  (minus  2  holes)  -  12.46 


46.38  sq.  in. 

As  the  maximum  flange  section  is  only  needed  for  a  part  of  the  length  of  the  girder,  there  is  a  point  where  the  24  X 
M«-in.  cover  plate  can  be  omitted,  but  the  24  X  H-in.  plate  should  be  continued  the  full  length  of  the  girder  in  order 
to  hold  the  two  webs  together.  It  is  not  necessary  to  make  the  thickest  plate  the  one  to  be  extended,  but  it  is  con- 
sidered good  practice  to  place  the  thickest  plate  immediately  on  the  chord  angles. 

In  order  to  determine  how  long  the  upper  cover  should  be,  it  can  be  determined  graphi<^y  as  explained  in 
the  preceding  problem.  The  length,  however,  can  be  determined  analytically  as  follows:  The  area  of  the  members 
in  the  flange,  excluding  the  24  X  H  e-in.  plate,  is  33.92  sq.  in.  net.  This  amount  of  area  will  develop  a  flange  stress 
of  (33.92)  (16.000)  «  542,720  lb.,  and  a  bending  moment  of  (542,720)  (4.75)  -  2.577.920  ft. -lb.  Then  the  point  on 
the  girder  at  each  end  where  this  flange  area  will  be  used  to  its  limit,  will  be  the  point  where  the  bending  moment 
will  be  2.577.920  ft.-lb.  or  a  distance  from  the  end  of 

Therefore  the  length  of  the  cover  plate  will  be  30  ft.  8>2  in.  plus  the  distance  at  each  end  necessary  to  develop  with 
rivets  the  stress  carried  by  the  plate. 

The  maximum  pitch  of  the  rivets  connecting  the  web  to  the  chord  angles  should  be  as  follows:  In  the  dis- 
tance between  the  support  and  the  nearest  concentrated  load  the  pitch  should  not  exceed 

(57)(8840)._ 

"17-6:000"       ^'^^  *°- 
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In  the  difltanoe  between  the  concentrated  loads*  where  the  shear  is  theoretically  sero,  the  rivet  pitch  is  theoretic- 
ally indeterminate,  but  as  the  rivet  pitch  of  any  rivet  in  the  girder  should  not  exceed  16  times  the  least  metal  thick- 
neas  in  a  line  parallel  to  the  liiie  of  stress,  the  maximum  pitch  in  this  case  should  not  exceed  5  in. 

The  end  stiffeners  should  be  designed  to  take  the  end  shearing  stress  and,  assuming  that  the  ends  of  the  girder 
win  frame  into  a  Bupp<N:ting  member,  only  two  sti£fener  angles  can  be  used,  one  on  the  outside  of  each  web  on 
aoeoont  of  sUffener  an^es  on  the  inside  ol  webs  being  inaccessible  for  field  riveting. 

As  the  —  (or  the  ordinary  girder  stifFener  is  usually  small,  and  since  according  to  the  A.R.E.A.  column  formula 

(see  Sect.  1,  Art.  97)  the  maximum  allowable  stress  per  sq.  in.  should  not  exceed  14,000  lb.,  it  will  be  found  (except 

in  special  cases)  that  it  is  safe  to  figure  stiffener  angles  at  14,000  lb.  per  sq.  in.     Therefore  the  end  stiffener  angles 

•hould  have  an  area  of 

176,000       ,-  _- 

Ti:ooo  -  ^2-^^  ^-  '"'• 

Two  5X5  X^Hs-in.  anises  win  be  satisfactory. 

At  the  two  points  of  concentrated  loads,  there  should  be  eight  stifFener  angiles,  two  on  each  side  of  each  web, 
and  the  four  on  the  inside  of  the  girder  should  be  connected  with  a  web  plate,  forming  a  diaphragm  or  separator 
between  the  two  webs,  all  being  milled  to  bear  top  and  bottom  and  with  sufficient  rivets  to  take  the  load  into  the 
web. 

As  the  eonoentrated  load  is  the  same  as  the  end  reaction,  there  wUl  be  needed  in  the  eight  stiffener  an^es  a 
oombined  area  of  12.57  sq.  in.,  or  8  —  3>^  X  3  X  M«-iQ-  angles  will  suffice. 

As  the  thickness  of  the  webs  is  less  than  Ho  of  the  distance  between  the  flange  anises,  the  girder  should  be  pro- 
vided with  intermediate  stiffener  angles  on  boUi  sides  of  both  webs,  not  over  the  effective  depth  of  the  girder  apart. 

ninstntive  Problem.  Dietributino  OrUlaoe  Qirder. — Design  a  girder  distributing  the  load  of  two  colimins  over 
a  foundation,  as  shown  in  Fig.  79,  assuming  the  bearing  pressure  on  the  foundation  at  30,000  lb.  per  sq.  ft.  and  tha 
distance  "A"  limited  to  2  ft.  by  local  conditions. 

The   center   of   gravity   or   point   e.g.   of   the   loads   must    first   be 

determined. 

(800,000)(16.0) 


Distance  B  ■■ 
Distance  C  « 


1.440,000 
(640,000)(16.0) 
1,440,000 


-  8.89  ft. 

-  7.11  ft. 


64qooo/tx 

ca 


QOOfiOOfb, 


In  order  for  the  girder  to  equally  distribute  the  loads  over  the  foundation, 
the  girder  must  be  made  symmetrical  in  length  about  the  center  of  gravity 
of  the  loads.  Knowing  distance  A  to  be  -2  ft.,  the  distance  D  is  readily 
determined,  making  a  total  length  of  21.78  ft.  for  the  girder. 

Since  the  total  load  *  1.440,000  lb.,  then  the  load  per  linear  foot  will  be 


B 


<^^> 


f6.do' 


vr 


.1^ 


1,440.000 
21.78 


Fia.  79. 


-  66,1151b. 


If  the  allow- 
60.115 


able  bearing  capacity  of  the  foundation  is  30,000  lb.  per  sq.  ft.,  then  the  width  of  the  girder  must  be  «^  ,w^  — 

8.2038  ft.,  say  27  in.     On  account  of  the  required  width  of  the  girder  flange,  a  box  iprder  as  shown  in  Fig.  80  will  be 

most  adaptable.     The  center  web  will  be  figured  to  take  one-half,  and  the  side  webs  one-quarter  each  of  the  total 

load. 

Hie  next  thing  to  consider  is  the  number  and  the  sise  of  the  stiffener  ancles  required  under  each  of  the  column 

loads,  and  also  the  number  of  rivets  required  in  each  stiffener  angle,  so  that  the  net  width  of  the  web  plates  oan  be 

determined.     At  the  point  of  the  800,(X)0-lb.  concentration,  a  combined  area  will  be  needed  in  the  stiffener  anodes  of 
800,000 

57.15  sq.  in.     Assuming  16  stiffener  angles  at  this  point,  16  angles  5  X  3H  X  Vi  will  give  sufficient 


14,000 


area.    Assuming  the  rivets  to  be  in  single  shear  on  the  outer  webs  and  in  double  shear  for  the  middle  web, 

8(X)  000 

i-  12  riVets  will  be  needed  in  each  stiffener.     As  the  maximum  shear  ^  (8)  (66. 1 1 5)  ■>  528,920 


(16)(4420) 

lb.,  a  total  net  web  area  will  be  needed  of 


528.920 


52.89  sq.  in.     Assuming  a  web  48  in.  deep,  the  net 

52.89 


Fio.  80. 


10.000 
width  will  be  48  -  (12)  (0.875)  »  37.5  in.     The  total  web  thickness  required  will  be 

1.40 
2 


37.5 


1.40  in. 


Then  the  center  web  should  be 


1.40 


0.7in.  thick,  or  say  f^  in.     The  side  webs  should  be-^ —  «  0.35 


in.  thick,  or  say  H  in.     The  girder  will  be  made  48H  in.  back  to  back  of  angles. 

At  the  point  of  the  640,000-lb.  concentration  a  combined  area  will  be  needed  in  the  stiffener  angles  of 

640.000 


14,000 


45.72  sq.  in. 


Assuming  16  stiffener  angles  at  this  point,  16  angles  5  X  3H  X  H  will  give  sufficient  area.     Taking  the  rivet 

640.000 
values  as  before  n6)  (4420^  "  ^^  rivets  will  be  needed  in  each  stiffener  angle.     As  the  number  of  rivet  holes  to  be 

deducted  from  the  web  plate  at  this  point  is  lees  than  at  the  other  point  and  the  maximum  shear  is  the  same,  the 
webs  selected  are  more  than  sufficient. 

/  AA  11  'l^  M  A^  1 1  A\ 

The  maximum  bending  moment  will  occur  midway  between  the  concentrated  loads  and  will  equal ~ 


■■2,115,680  ft.-lb.     Assuming  an  effective  depth  of  45  in.,  the  maximum  flange  stress  will  equal 


8 
2.115.680 

3.76 
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564  181 
564.181  lb.     The  net  fl&nce  area  required  will  be   iq'qqq   ""  35.26   sq.  in.     By   proportioning  the    flange  area 

witli  one-half  for  the  center  portion  and  one-quarter  each  for  the  side  membera,  the  flange  may  be  compoeed 
as  follows: 

Web  -  H  X  48  X  IH  -    9.00 

4  angles  6  X  6  X  M  (minus  2  holes  each  angle)         -  19 .48 

l^oover  plate  27  X  H  (minus  4  holes)  »    8.81 


37 .29  sq.  in. 

The  cover  plate  both  top  and  bottom  should  be  extended  the  full  length  of  the  girder  although  it  is  not  needed  for 
strength.  The  rivet  heads  on  the  under  side  of  the  bottom  cover  plate  shoiild  either  be  countersunk  and  chipped 
or  the  girder  should  be  thoroughly  grouted  with  a  thin  grout,  to  insure  the  girder  bearing  properly  throughout 
its  entire  length  and  width. 

As  the  side  webs  are  less  in  thickness  than  Ho  of  the  dear  distance  between  the  chord  ancles,  these  webs  should 
be  provided  with  intermediate  stiffener  angles  to  prevent  buckling,  at  the  ends  and  at  a  distance  not  greater  than  the 
effective  depth  of  the  girder  apart. 

Although  there  are  no  intermediate  stiffeners  required  for  the  center  web,  the  ends  of  these  webs  should  have 
stiffeners.  In  designing  the  base  of  the  columns  rating  on  this  girder,  it  should  be  seen  that  the  load  is  <Ustributed 
in  a  proper  manner  to  the  girder,  so  as  to  make  each  elementary  portion  of  the  girder  take  that  portion  of  the  load 
for  which  it,  is  designed.  This  can  be  done  by  means  of  stiffener  angles  and  by  getting  as  much  of  the  column  in 
direct  bearing  over  the  girder  stiffener  angles  as  possible. 

As  the  shear  of  this  girder  varies  from  sero,  at  the  point  between  the  two 
46,(XH)fh  4^DP0A  concentrations  and  at  the  extreme  ends,  to  maximum  at  the  points  of  conoen- 

trations,  the  web  rivet  spacing  should  be  figured  as  explained  in  Art.  54,  by 
dividing  the  girder  into  sections  equal  to  the  effective  depth  and  using  the 
maximum  shear  ocoiurring  in  that  divbion  as  a  basis. 

Rivets  along  the  bottom  flange  will  be  subjected  to  vertical  stress  in  addi- 
tion to  the  horisontal  stress  due  to  longitudinal  shear.     The  vertical  stress  is 
fi>M  f^yt      caused  by  the  uniform  load  applied  in  distributing  the  load  over  the  founda- 

4Q4dO/b.  SSSO/h  ^°°*     '^^^  rivets  alouf  this  flange  should  be  figured  to  take  the  resultant  of  the 

horisontal  and  vertical  forces. 
Fig.  81.  On  very  heavy  work  of  this  type,  the  web  plates  are  chipped  to  bear 

directly  against  the  cover  plate  which  is  good  construction,  but  unless  the  shop 
work  is  exceptionally  good  it  is  apt  to  overstress  the  web  rivets  due  to  the  web  not  bearing  properly. 

The  above  type  of  girder  is  also  used  to  distribute  the  loads  to  a  lower  layer  of  grillage  beams,  where  it  would 
be  impractical  to  make  the  girder  wide  enough  to  get  sufficient  bearing  over  the  foundation. 

Illustrative  Problem.  Qirder  v>Uh  Moving  Loads. — Design  a  crane  runway  girder  of  50-ft.  span,  to  suppoVt  a 
10-ton  crane  having  two  wheels  on  the  truck  12-ft.  on  centers,  with  a  load  on  each  wheel  including  impact  of  46,000 
lb.  as  shown  in  Fig.  81.  It  will  be  assumed  that  an  allowance  is  made  in  the  loads  given  for  the  dead  weight  of  the 
i^er. 

On  a  girder  carrying  moving  loads,  the  bending  moment  throughout  the  girder  varies  for  every  different  posi- 
tion of  the  loads.  On  a  girder  with  two  equal  moving  loads,  the  maximum  moment  will  occur  under  one  of  the 
loads  when  the  quarter  point  distance  between  the  two  loads  is  coincident  with  the  center  of  the  span  of  the  i^rder 
(see  Sect.  1,  Art.  58e).     The  maximum  moment  is  found  to  be  890,560  ft.-lb. 

Assuming  the  web  plate  of  the  jprder  to  be  48  in.  deep  and  the  chord  angles  48H  in.  back  to  back,  the  effective 
depth  will  be  about  45  in.,  or  3.75  ft.     Then  the  maximum  flange  stress  due  /u^^ 

890,560  )iA~-L  ^^j0m 

to  vertical  loads  will  be  -«  237,482  lb.  and  the  required  flange  area  will  |,    ^  J>^J'^^M  ^ 

I  3.75 

237.482 


^WV2- 


be  — —  14.84  sq.  in.     The  flange  area  required  is  correct  for  the  bottom  £^'6}r(^4*/ 

16,000  • 

flange  only.    Assuming  a  web  plate  48  X  He  and  taking  }i  of  the  web-plate  ^^  £*Wkh.:9 
area  as  flange  section,  the  bottom  flange  may  be  compoeed  as  follows:  ^ 


httti — r 


Web  H  X  48  X  H«  -     1 .87 

2  angles  6  X  6  X  ^  (minus  one  hole  in  each)  »  13. 14 


b 


£'^6%61ff-oj^  L 


15.01  sq.  in.  Fia.  82. 

The  top  flange  will  get  the  same  stress  as  the  bottom  flange  due  to  the  vertical  loads  and  in  addition  will  get  a  lateral 
stress  due  to  bending  caused  by  the  cross  travel  or  acceleration  of  the  crane  trolley,  from  which  the  load  is  sus- 
pended. The  amount  of  this  force  is  usually  taken  as  Ho  of  the  capacity  of  the  crane,  or  2  tons  in  this  case,  caus- 
ing a  force  of  2000  lb.  acting  on  each  wheel.  The  position  of  the  wheels  causing  the  greatest  lateral  bending  moment 
on  the  girder  is  the  same  position  which  causes  the  greatest  vertical  bending  moment.     Therefore  the  greatest  lateral 

2000 

bending  moment  will  be  directly  proportional  to  the  maximum  vertical  bending  moment,  or (890,560)  (12) 

46,000 

^  464,640  in.-lb.     Then  the  top  flange  must  be  designed  to  take  a  direct  stress  in  compression  of  237,482  lb.  plus 

a  cross-bending  stress  of  464.640  in.-lb. 
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ABsuming  a  top  flange  section  as  shown  in  Fig.  82,  the  top  flange  should  be  designed  within  the  following 

UmitatioDa   (see   Art.  51):  The   maximum  combined  compressive  stress   should    not   exceed    16,000  —   160 

length  ' 

— "T*  ^^  a  maximnm  streea  oi  14,000  lb.  per  sq.  in.,  figured  about  axis  A'A. 

flange  width 

By  the  method  explained  in  Art.  21  the  bending  moment  should  be  transposed  to  an  equivalent  direct  oompres- 

sive  stress  and  added  to  the  direct  maximum  compressive  stress  due  to  the  vertical  loads.    The  flange  should 

then  be  designed  for  the  sum  of  the  two  stresses.     It  will  be  found  that  a  top  flange  composed  of  the  following 

members  will  be  of  sufficient  sise: 

1   plate--24XH 
2  angles— 6  X  6  X  H 
2  angles— 4  X  4  X  H 

The  next  step  in  the  design  is  to  determine  the  maximum  end  shear  so  that  the  end  stiffener  angles  and  the  web 

oan  be  designed.     The  position  of  the  loads  which  will  give  the  greatest  shear  is  when  one  wheel  is  at  the  end  and 

the  other  12  ft.  away  from  the  end.     The  maximum  shear  is  found  to  be  80,960  lb. 

80.960 

The  total  area  required  in  the  end  stiffener  angles  is  — ■■  6.78  sq.  in.     Assuming  2  stiffener  angles,  it  b 

14,000 

found  that  2  angles  6  X  8H  X  H  will  be  sufficient.     Assuming  rivets  as  bearing  on  a  M«-in.  web  plate  at  4690  lb. 

80.960 

each,  ■■  18  rivets  are  required  in  the  stiffener  angles. 

4690 

The  net  area  required  in  the  web  plate  for  shear  will  be 

80.960 


10,000 


*  8.09  sq.  in. 


The  net  width  of  the  web  plate  will  be  48  —  (18)  (0.876)  «  32.26  in.     Since  8.09  sq.  in.  are  needed  in  the  web,  then  the 

8.09 

thickness  should  be ■■  0.26  in.  or  ^  in.     As  the  web  of  a  girder  should  not  be  less  than  H«  in.  thick,  a  48 

32.26 

X  ^«-in.  web  will  be  used. 

Since  the  web  is  less  in  thickness  than  Ho  of  the  unsupported  distance  between  flange  angles,  intermediate 

stiffener  angles  should  be  provided  to  prevent  web  buckling  at  a  distance  apart  not  greater  than  the  effective  depth 

of  the  girder.     The  web  rivet  spacing  for  the  first  12  ft.,  from  each  end  should  be  the  same,  as  the  maximum  shear 

will  not  change  until  the  second  wheel  position  is  reached.     As  the  t<^  cover  plate  with  its  outside  angles  is  acting 

as  a  flat  girder  taking  lateral  thrust,  the  rivets  connecting  the  web  and  outer  angles  should  be  spaced  the  same  as 

any  girder  using  the  shears  produced  by  the  horisontal  forces. 

DESIGN  OF  PURLINS  FOR  SLOPING  ROOFS 

By  W.  S.  Kinnb 

« 

60.  Ptsriins  Subjected  to  Unsymmetrical  Bending. — A  purlin  is  a  member,  generally  a 
simple  beam,  which  supports  the  roofing  between  adjacent  trusses.  Fig.  83  shows  the  position 
of  a  purUn  with  respect  to  the  other  parts  of  a  roof.  A  complete  discussion  of  choice  of  purlin 
sections,  details  of  connections  of  purlins  to  trusses,  and 

methods  of  fastening   roof  covering  to  purlins  will  be 
found  in  Sect.  3. 

As  shown  in  fig.  147,  p.  460  for  steel  roof  trusses, 
and  in  Fig.  146,  p.  459  for  wooden  roof  trusses,  purlins 
consisting  of  rolled  shapes,  or  wooden  beamp,  are  usually 
placed  with  the  webs,  or  sides,  perpendicular  to  the  top  p^^  ^ 

chord  of  the  truss.     Since  in  most  cases  the  applied  loads 

are  vertical,  or  nearly  so,  it  follows  that  the  plane  of  loading  and  the  principal  axes  of  the  section 
do  not,  in  most  cases,  lie  in  the  same  plane.  Problems  in  design  and  stress  determination  for 
such  conditions  can  not  be  solved  by  the  methods  described  in  the  chapter  on  '^  Simple  and 
Cantilever  Beams,"  Sect.  1,  but  require  more  general  formulas  which  take  into  account  the  fact 
that  the  plane  of  bending  and  the  principal  axes  of  the  section  are  not  coincident.  Bending  of 
this  nature  is  known  as  unsymmetrical  hendingj  the  formulas  for  which  are  given  in  the  last 
chapter  of  Sect.  1. 

61.  Load  Carried  By  a  Purlin. — ^The  amount  and  character  of  the  load  to  be  carried  by  a 
roof  purlin  depends  to  some  extent  upon  the  kind  of  roof  covering,  the  slope  of  the  roof,  and  the 
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location  of  the  structure.  These  points  are  considered  in  detail  in  Sect.  3,  Arts.  133  to  136 
incl.,  where  tables  of  values  are  given  for  the  different  loads. 

The  load  which  a  purlin  must  be  designed  to  carry  is  a  combination  of  the  weight  of  the 
purlin  and  roof  covering,  the  snow  load,  and  the  wind  load.  These  loadings  are  to  be  combined 
so  as  to  give  the  maximum  possible  stress  on  the  beam  section.  In  general  three  combinations 
of  loading  are  used.     They  are: 

(1)  Dead  load  and  snow  load. 

(2)  Dead  load  and  wind  load. 

(3)  Dead  load,  wind  load,  and  one-half  snow  load. 

Under  Case  3  only  one-half  of  the  snow  load  is  considered.  This  is  due  to  the  fact  that  maxi- 
mum wind  and  snow  loadings  are  not  likely  to  occur  at  the  same  time.  If  a  high  wind  is  blowing 
at  the  time  snow  is  falling,  the  snow  will  be  blown  from  the  roof  as  fast  as  it  falls.  In  the  case 
of  a  wet  snow  or  sleet,  part  of  the  snow  will  stay  on  the  roof  in  spite  of  the  wind.  An  allow- 
ance of  one-half  the  maximum  snow  load  seems  to  be  reasonable  for  this  condition. 

The  dead  and  snow  loads  are  vertical  forces,  while  the  usual  assumption  regarding  the  wind 
load  is  that  it  acts  perpendicular  to  the  surface  of  the  roof.  For  the  combinations  given  above, 
(1)  represents  a  vertical  load,  while  (2)  and  (3)  are  inclined  at  an  angle  to  the  vertical. 

62.  Conditions  of  Design. — The  conditions  of  the  design  are  governed  to  some  extent 
by  the  roof  covering.  Where  the  covering  is  very  rigid,  as  in  the  case  of  wooden  sheathing  on 
common  rafters,  the  loads  can  be  resolved  into  components  parallel  and  perpendicular  to  the 
roof.  The  component  parallel  to  the  roof  is  assumed  as  carried  by  the  sheathing,  and  the  com- 
ponent perpendicular  to  the  roof  is  assumed  as  carried  by  the  purlin.  This  is  equivalent  to 
assuming  that  the  beam  section  is  free  to  bend  only  in  a  plane  perpendicular  to  the  roof. 

Where  the  roof  covering  consists  of  a  material  such  as  corrugated  steel,  which  provides 
little  or  no  lateral  support  for  the  purlin,  the  assumptions  made  above  can  not  be  used.  It  is 
then  necessary  to  design  the  purlin  as  a  beam  which  is  free  to  bend  in  any  direction,  making  use 
of  the  methods  of  unsymmetrical  bending  set  forth  in  the  last  chapter  of  Sect.  1. 

Purlins  designed  under  this  assumption  are  likely  to  require  excessively  large  sections.  To 
avoid  this,  the  purlins  are  often  partially  Supported  laterally  by  means  of  tie  rods.  Smaller 
sections  can  then  be  used  for  the  purlins. 

The  methods  of  design  to  be  used  in  the  cases  mentioned  above  will  be  followed  out  for 
typical  cases  which  will  illustrate  the  methods  to  be  used. 

63.  Design  of  Purlins  for  a  Rigid  Roof  Covering. — Let  it  be  required  to  design  the  sheath- 
ing, rafters,  and  purlins  for  a  roof  capable  of  withstanding  the  maximum  combination  of  the 
dead  load  of  its  members  and  the  wind  and  snow  loads  given  in  Sect.  3,  Art.  137.  The  material 
is  to  be  pine  with  a  working  stress  of  1000  lb.  per  sq.  in.  Assume  that  the  roof  is  covered  with 
shingles;  that  the  span  of  the  rafters  is  9  ft.  (measured  along  the  line  of  the  roof  surface,  which 
makes  an  angle  of  30  deg.  with  the  horizontal),  and  that  the  trusses  are  12  ft.  apart.  Fig.  84 
(a)  shows  the  general  arrangement  of  members. 

In  making  up  the  combinations  of  loads  carried  by  the  members  it  will  be  foimd  convenient  to  determine  tlie 
resultant  load  carried  by  a  single  square  foot  of  roof.  The  resultants  for  the  several  combinations  given  above 
are  as  follows: 

Ccue  1. — From  the  tables  given  in  Sect.  5,  Art.  133,  shingles  weigh  about  3.0  lb.  per  sq.  ft.  of  roof,  and  1-in. 
sheathing  weighs  about  4.0  lb.  per  foot  board  measure.  The  dead  load  is  then  7.0  lb.  per  sq.  ft.  of  roof,  a  vertical 
load.  From  Table  8,  p.  467,  the  snow  load  for  a  roof  at  an  angle  of  30  deg.  to  the  horizontal  is  15.0  lb.  per  «q. 
ft.  of  roof.  The  total  vertical  load  is  then  22.0  lb.  per  sq.  ft.  of  roof,  and  the  component  perpendicular  to  the  roof 
is  10.0  lb.  per  sq.  ft.,  as  determined  by  the  force  diagram  of  Fig.  84(c). 

Cases  2  and  3. — It  is  quite  evident  that  the  resultant  for  Case  3  has  a  greater  component  perpendicular  to  the 
roof  than  Case  2.  As  the  direction  of  bending  is  not  in  question  under  the  assumed  conditions,  we  can  pass  at  once 
to  Case  3. 

The  dead  load  for  Case  3  is  the  same  as  for  Case  1,  and  the  snow  load  is  one-half  as  large  as  for  Case  1.  The 
vertical  component  of  loading  is  then,  4  +  3  +  7.5  =  14.5  lb.  per  sq.  ft.  of  roof.  From  Table  7,  p.  467,  the  wind 
pressure  normal  to  the  roof  is  24.0  lb.  per  sq.  ft.  of  roof.  As  these  loads  are  not  in  the  same  direction,  the  resultant 
can  be  obtained  by  means  of  a  force  diagram.  The  component  of  load  perpendicular  to  the  roof  can  be  determined 
by  resolving  forces  parallel  and  perpendiciilar  to  the  roof  surface.  Tb«  force  diagram  of  Fig.  84(e)  shows  that  the 
component  perpendicular  to  the  roof  is  36.9  lb.  per  sq.  ft.  of  roof.  Similar  calculations  have  been  made  for  Case  2; 
the  force  diagram  is  shown  in  Fig.  84(d). 
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Design  of  Sheathing. — The  sheathing  is  not  usually  de»ignod,  except  where  unusual  conditions  are  encountered, 
suoh  as  heavy  loads  or  rafter  spacing  greater  than  the  normal,  which  is  from  16  to  24  in.  Under  normal  conditions, 
1-in.  aheathing  will  be  found  to  provide  sufficient  strength. 

In  the  case  imder  consideration,  assume  that  1-in.  sheathing  is  used  and  that  the  spacing  of  rafters  is  24  in. 
The  moment  due  to  ihe  normal  component  of  Case  3  for  a  section  of  sheathing  1  ft.  wide  is,  Af  <-■  Htc<*  —  H 
(36.9) (2)* (12)  —  221.4  in.-lb.  This  moment  is  resisted  by  a  1  X  12-in.  section  of  sheathing,  for  which  the  seo- 
tion  modulus  is  I/e  -  H&d>  -  H(12)  X  (1)*  -  2.0  in.*  The  resulting  fiber  stress  is  then  /  -  Mc/I  -  221  A/2.0 
M  110.7  lb.  per  sq.  in.  This  stress  is  very  low,  indicating  that  for  ordinary  conditions  the  design  need  not  be 
earned  oat. 

Deaign  of  Common  Rafters. — ^A  2  X  6-in.  rafter  will  be  assumed.  At  4  lb.  per  ft.  board  measure,  the  dead  wei^t 
per  foot  of  rafter  is  (2  X  M9)4  —  4  lb.  The  roof  area  per  foot  of  rafter  is  2.0  sq.  ft.,  and  the  normal  load  to  be 
carried  for  Case  3  is  2  X  36.9  >■  73.8  lb.  per  ft.  of  rafter.  Adding  the  weight  of  the  rafter,  the  total  load  to  be 
carried  by  the  rafter  is  a  uniform  load  of  77.8  lb.  per  ft.  The  moment  is  Af  -  }iwl^  -  M(77.8)(9)*(12)  -  9460 
in. -lb. 

The  section  modulus  of  a  2  X  6-in.  rectangle  ia  Hbd^  -  H(2)(6)s  «  12  in.*,  and  the  fiber  stress  is/  -  Mc/I 
M  9,460/12  «  788.0  lb.  per  sq.  in.  Aa  the  allowable  fiber  stress  is  1,000  lb.  per  sq.  in.,  the  assumed  section  is 
fluffioient.  Rafter  sections  come  in  commercial  sises,  which  are  2  X  4,  2  X  6,  2  X  8,  etc.  It  is  therefore  not  poa- 
sible  to  meet  exactly  the  allowable  fiber  stress  conditions  with  the  available  sections. 


'•^^  ^^^ 


^fee'-o'T.io^cf' 


H^    \Corrirnon  rdffers^ 

Jl_j 


i__i 


/ir///7-- 


c  mc.  hr/sses  , 

(b)  ^/ 


Dtaign  of  Purlin$.—'AB  shown  in  Fig.  84(a),  the  purlin  section  b  set  at  right  angles  to  the  rafter.  It  is  then  sub- 
jected to  a  normal  load  due  to  the  rafters  from  adjacent  paneb.  In  some  oases  the  applied  loads  are  considered  to 
be  uniformly  distributed  along  the  purlin,  and  in  other  oases  the  loads  are  assumed  as  concentrated  at  each  rafter. 
This  latter  assumption  more  nearly  approximates  the  actual  conditions;  it  will  be  used  in  this  design. 

As  shown  in  Fig.  84(a),  eaoh  purlin  carries  the  ends  of  two  rafters.  Each  rafter  load  is  then  due  to  the  normal 
load  on  9  ft.  of  rafter.  Including  the  weight  of  the  rafter,  each  load  is  9  X  77.8  <-■  700  lb.  Fig.  84(6)  shows  the 
position  of  the  loads.  It  will  be  found  that  the  maximum  moment  for  the  position  shown  is  slightly  less  than  for  an 
arrangement  which  places  a  load  directly  at  the  center  of  the  purlin.  From  Fig.  84(b),  the  moment  at  the  beam 
•enter  is,  Af  -  1(2100)  (6)  -  700(1  -h  3  +  5)1  12  -  75,600  in.-lb.  Assuming  a  6  X  10-in.  purlin,  whose  weight 
is  (6  X  10/12)4  -  201b.  per  ft.,  the  moment  due  to  its  weight  is  Af  -  yitol^  =  H(20)(12)«(12)  -  4,320  in.-lb. 
The  total  moment  is  then  75.600  -|-  4320  -  79.920  in.-lb. 

For  allowable  /  »  1000  lb.  per  sq.  in.,  I/e  »  M/f  -  79,920/1,000  *  79.92  in*.  The  section  modulus  of  the 
aasumed  6  X  l(Hn.  purlin  is  I/c  ■■  y^bd^  «  H(6)(10)*  »  1(X)  in.*  which  is  sufficient.  This  b  as  close  an  agree- 
ment between  assumed  and  adopted  sections  as  is  possible,  using  commercial  sise. 

64.  Design  of  Purlins  for  a  Roof  with  a  Flexible  Roof  Covering. — In  the  preceding  article 
the  design  is  given  for  a  purlin  section  for  a  roof  which  is  so  rigid  that  it  is  possible  to  assume 
that  the  purlin  is  supported  laterally  so  that  it  is  necessary  to  provide  only  for  bending  in  a  plane 
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perpendicular  to  the  roof  surface.  A  case  will  now  be  considered  where  the  roof  covering  is  not 
rigid  enough  to  provide  this  support.  The  purlin  will  have  to  be  designed  as  if  it  were  free  to 
bend  in  any  direction.  This  is  a  case  of  unsymmetrical  bending.  Two  cases  will  be  considered, 
one  in  which  the  purlin  is  free  to  bend  in  any  direction,  the  other  in  which  the  purlin  is  partially 
supported  by  tie  rods. 

64a.  Puilin  Free  to  Bend  in  any  Direction. — A  purlin  is  to  be  designed  to  support 
a  corrugated  steel  roof.  The  purlins  are  to  be  spaced  3  ft.  apart,  and  the  roof  surface  is  inclined 
at  an  angle  of  30  deg.  to  the  horizontal;  trusses  are  spaced  16  ft.  apart. 

The  working  loads  will  be  taken  the  same  as  for  the  preceding  design,  and  the  working  stress  in  the  steel  will 
be  taken  as  16,000  lb.  per  sq.  in.  Combinations  of  loading  similar  to  those  for  the  wooden  ptirlin  will  be  made,  aztd 
a  purlin  section  determined  by  the  methods  used  in  the  illustrative  problem,  p.  88. 

From  Table  3,  p.  469,  24-gage  corrugated  steel,  weighing  1.3  lb.  per  sq.  ft.,  can  be  used  to  span  3  ft.  As 
stated  in  Sect.  3,  Art.  1866,  an  anti-condensation  lining,  weighing  1.3  lb.  per  sq.  ft.  is  to  be  used  in  connection  with 
the  corrugated  steel  The  total  weight  of  covering  is  then  2.6  lb.  per  sq.  ft.  To  this  must  be  added  the  weight  of 
the  purlin.  In  the  preliminary  design,  the  purlin  was  assumed  to  weigh  4.0  lb.  per  sq.  ft.  of  roof.  After  the  pur- 
lin section  was  determined,  its  true  weight  was  found  and  the  calculations  revised  as  given  below. 

CiM0  1.  I>9ad  Load  and  Snow 
Load. — As  i^ven  above,  the  weight 
of  the  roof  covering  is  2.6  lb.  per 
sq.  ft.  of  roof.  The  revised  purlin 
weight  is  4.11b.  per  sq.  ft.  of  roof. 
As  in  the  preceding  design,  the 
snow  load  is  15  lb.  per  sq.  ft.  of 
roof.  The  total  vertical  load  is 
then,  2.6  +  4.1  +  15.0  -  21.7  lb. 
per  sq.  ft.  As  the  purlins  are  3  it. 
apart,  the  load  per  ft.  of  purlin  is 
3  X  21.7  -  66.1  lb.  Considering 
the  purlin  as  a  simple  beam  of 
span  equal  to  the  distance  between 
trusses,  16  ft.,  the  moment  to  be 
carried  is,  M  ~  H  vP  "  H(65.1) 
(16)s(12)  -  25,100  in.-Ib.  For  an 
allowable  working  stress  of  16,000 
lb.  per  sq.  in.,  tho  required  section 
modulus  is  S  -  Af//- 26, 100/16.- 
000  -  1.57  in.*  This  value  is 
shown  in  the  proper  position  in 
Fig.  85(6),  and  is  the  S  value  de- 
noted by  1. 

Case  2.  Dead  Load  and  Wind 
Load. — The  dead  load  is  the  same 
as  for  Case  1,  and  the  wind  load 
is  a  normal  load  oi  24  lb.  per  sq. 
ft.  of  roof,  as  in  the  preceding  de- 
sign. In  Fig.  86(a),  the  resultant  of  the  dead  and  wind  loads  as  determined  graphically,  is  29.9  lb.  per  sq.  ft.  The 
load  per  ft.  of  purlin  is  3  X  29.9  «-  89.7  lb.;  the  moment  to  be  carried  is  3f  -  H  wl*  "  H(89.7)(16)*(12)  » 
34,500  in.-lb.:  and  the  required  S  -  M/f  -  34.500/16,000  -  2.16  in.>  This  is  shown  in  Fig.  86(b)  in  the  direo- 
tion  determined  by  the  force  diagram  of  Fig.  85(a). 

Case  3.  Dead  Load,  Wind  Load,  and  One-half  Qnow  Load. — The  dead  load  is  the  same  as  for  Case  1,  and  the 
wind  load  is  the  same  as  for  Case  2.  One-half  the  snow  load,  as  given  by  Case  1,  is  7.5  lb.  i>er  sq.  ft.  of  roof.  The 
total  vertical  load  is  then  14.2  lb.  per  sq.  ft.  of  roof,  and  the  normal  load  is  24  lb.  per  sq.  ft.  The  resultant  of  the 
loads,  which  is  37.1  lb.  per  sq.  ft.,  is  shown  in  amount  and  direction  on  Fig.  85(a). 

The  load  per  foot  of  purlin  is  3  X  37.1  -  111.3  lb.;  the  moment  to  be  carried  is  Af  -  Htf^'  -»  H(lll-3)(16)> 
(12)  «  42,800  in.-lb.;  and  .S  «  M/f  -  42,800/16,000  -  2.67  in.«     This  is  shown  in  position  in  Fig.  86(6). 

Determination  of  Beam  Section. — A  purlin  will  be  selected  from  I-beam  and  channel  sections  with  the  intention 
of  keeping  the  weight  as  low  as  possible.  It  is  usually  specified  that  the  depth  of  beam  section  shall  be  not  less  than 
Ho  of  the  span.     This  is  done  to  avoid  the  use  of  sections  for  which  the  deflection  would  be  excessive. 

In  Fig.  85(6),  the  S-polygon  for  a  6-in.  12>^-lb.  I-beam  is  shown.  This  section  is  slightly  larger  than  necessary, 
but  it  provides  a  closer  fit  than  any  other  section  of  its  weight.  The  true  weight  of  the  section  is  12.26/3  ■-  4.1  Ih., 
the  value  used  in  the  revised  calculations. 

Fig.  85(6)  also  shows  the  ^-Polygon  for  an  8-in.  llH-lb.  channel.  This  section  does  not  provide  sufficient 
strength,  since  S\  projects  beyond  the  3-Line.  As  other  channels  are  heavier  than  the  adopted  I-beam,  there  is 
nothing  to  be  gained  by  further  trials. 
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64&.  Purlin  Supported  Laterally  by  Tie  Rods. — ^Lateral  support  for  purlins  is 
generally  provided  by  means  of  tie  rods  where  the  roof  covering,  such  as  corrugated  steel,  is 
not  rigid  enough  to  provide  the  proper  support.  These  tie  rods  consist  of  round  rods  fastened 
to  the  web  of  the  purlin  section  in  the  manner  shown  in  Fig.  88.  The  ties  should  extend 
over  the  ridge,  forming  a  continuous  line  between  the  eaves.  This  must  be  done  to  avoid 
an  excessive  side  pull  on  the  ridge  purlin.  If  the  arrangement  of  purlins  at  the  ridge  is  such 
that  a  continuous  line  can  not  be  used,  then  the  upper  ties  should  be  run  diagonally  to  the 
truss. 

The  number  of  ties  required  for  each  purlin  will  depend  upon  the  length  of  purlin  to  be 
supported  and  the  load  to  be  carried.  Generally  a  single  line  of  ties  at  the  center  of  the  purlin 
wiU  be  found  sufficient.  Tie  rods  will  not  be  found  necessary  for  lateral  support  in  the  case  of 
roofs  where  the  slope  is  less  than  about  3  in.  to  1  ft.  It  is  considered  good  practice  to  use  tie 
rods  in  roofs  with  a  rigid  covering  because  of  the  lateral  support  provided  for  the  purlins  during 
the  erection  of  the  structure.  The  purlins  are  held  in  line  without  additional  falsework  until 
the  roof  covering  is  applied. 

When  a  purlin  is  supported  laterally  by  tie  rods,  the  span  of  the  beam,  for  components 
of  load  parallel  to  the  roof 
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surface,  is  equal  to  the 
distance  between  the  tie 
rods,  or  between  the  tie 
rods  and  the  truss.  As 
far  as  these  loads  are  con- 
cerned, the  purlin  is  a  con- 
tinuous beam  supported 
at  its  ends  by  the  trusses 
and  at  intermediate 
points  by  the  tie  rods. 
For  components  of  load 
perpendicular  to  the  roof 
surface,  the  span  of  the 
purlin  is  equal  to  the  dis- 
tance between  thel 
trusses,  as  in  the  preced- 
ing design. 

The  applied  loads 
are  uniform  per  foot  for 
both  components  of  load- 
ing. Tliey  are  deter- 
mined by  resolving  the 
resultant  forces,  determined  as  for  the  preceding  design,  into  components  parallel  and  perpen* 
dicular  to  the  roof  surface.  Moments  at  critical  points  can  be  determined  by  the  methods 
given  in  Sect.  1  for  simple  and  continuous  beams. 

In  calculating  the  moments  to  be  carried  by  a  purlin,  it  will  probably  be  best  to  assume  that 
the  purlins  are  only  long  enough  to  span  the  distance  between  adjacent  trusses.  The  moment 
due  to  the  component  of  loads  perpendicular  to  the  roof  surface  will  then  be  given  by  the  for- 
mula M  «  %v!^»  It  will  be  found  that  if  a  purlin  be  assumed  to  span  several  trusses,  and  the 
moments  calculated  by  continuous  girder  methods,  the  moment  to  be  provided  for  wiU  be 
only  slightly  less  than  for  a  simple  beam. 

For  components  of  load  parallel  to  the  roof  surface,  the  purlin  can  be  considered  as  a  con- 
tinuous beam  supported  at  its  ends  by  the  trusses,  and  at  other  points  by  the  tie  rods.  The 
supports  provided  by  the  tie  rods  are  not  as  rigid  as  those  provided  by  the  truss,  so  that  the  con- 
tinuous girder  coefficients  given  in  Sect.  1,  Art.  72(d),  should  be  modified  somewhat,  fig.  86(a) 
shows  the  values  proposed  for  cases  in  which  the  purlin  is  assumed  as  divided  into  two  parts 
by  the  tie  rod,  and  Fig,  86(&)  shows  the  values  where  the  tie  rods  divide  the  purlin  into  three 
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parts.     It  is  assumed  that  the  coefficient  is  Ko  instead  of  )4f  ^^^  ^^^^  ^^^  span  is  equal  to  the 
distance  from  truss  to  tie  rod. 

In  making  use  of  the  S-Polygon  methods  in  the  design  of  purlins  for  the  assumed  conditions, 
it  will  be  necessary  to  determine  the  resultant  moment  at  the  tie  rod  and  also  at  a  point  half  way 
between  the  tie  rod  and  the  truss.  These  resultant  moments  are  equal  to  the  vector  sum  of  the 
component  moments  parallel  and  perpendicular  to  the  roof  surface.  The  values  of  the  flexural 
modulus,  Sf  are  determined  from  these  resultant  moments,  and  the  required  and  provided  S 
compared  by  the  methods  used  in  the  preceding  design. 

A  piirlin  will  now  be  designed  supported  by  tie  rods.  The  conditions  will  be  taken  the  same  aa  for  the  preoedins 
design,  with  the  futher  condition  that  the  purlin  is  to  be  supported  by  a  line  of  tie  rods  placed  at  the  center  of  the 
purlin. 

As  the  depth  of  the  purlin  b  usually  limited  to  Ho  of  the  span,  a  d-in.  section  must  be  used.  The  6-in.  section 
of  least  weight  is  a  6-in.  8-lb.  channel,  which  will  be  taken  as  the  trial  section.  The  weight  of  the  assumed  section 
per  square  foot  of  roof  surface  is  H  "■  2.7  lb.  Using  other  values  as  in  the  preceding  design,  the  several  combi- 
nations are  as  follows: 

Case  1.    Dead  Load  and  Snow  Load. — As  before,  the  dead  load  due  to  corrugated  steel  and  lining  is  2.6  lb. 

per  sq.  ft.  of  roof,  and  the  snow 
\  load  is  15.0  lb.  i>er  sq.  ft.     The 

if(^  V  weight  of  the  assumed  purlin  sec- 

V  ^^  tion  as  given  above  is  2.7  lb.  per 

~  sq.  ft.  of  roof.    The  total  vertical 

"  roof.    From  the  force  diagram  of 

Fig.  87(a)  the  component  of  this 
'  >S?^ifii  \        ^\-^  load  parallel  to  the  roof  surface  is 

10.2  lb.  per  sq.  ft.,  and  the  oom- 
/u\  y^        XaIS^  \  \r\  ponent  perpendicular  to  the  roof 

Using  the  oecmcients  shown 
S-Fbl^oon    on  Fig.   86(a),  the  component  of 
6  in.  o  lb     moment  parallel  to  the  roof 
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+  Howi»  -  Mo(  +  10.2)  (3)  (12) 
(16)«  -  +  2350  in.-lb.  at  the 
quarter  point,  and  —2350  in.-lb, 
at  the  tie  rod.  The  component 
of  moment  perpendicular  to  the 
roof  is  +  Hsu.^*  =  +Ha  (17.6)  (3) 
(12)(16)«  -  + 16,200  in.-Ib.  at  the 
quarter  point,  and  +H«'''  "  + 
H(17.6)(3)(12)(16)«  -  +20,300 
in.-lb.  at  the  tie  rod. 

The  resultants  of  theae 
moments,  which  are  determined 
graphically  by  means  of  the  force 
diagrams  of  Figs.  87  (c)  and  (d),  are  15,350  in.-lb.  at  the  quarter  point,  and  20,450  in.-lb.  at  the  tie  rod.  It  is  to  be 
noted  that  at  the  tie  rod  the  component  moment  parallel  to  the  roof  surface  is  negative.  In  determining  the 
resultant  moment  Fig.  87(d),  this  component  is  plotted  to  the  left  of  the  origin.  The  component  of  moment 
perpendicular  to  the  roof  surface  is  positive,  and  is  plotted  above  the  OX  axis,  as  in  the  preceding  cases. 

With  allowable  /  «  16,000  lb.  per  sq.  in.,  S  -  M/f  -  15,350/16,000  •=  0.96  in.»  at  the  quarter  point,  and 
20,450/ 16.(XX)  <-  1.28  in.*  at  the  tie  rod.  These  values  of  S  are  shown  in  position  on  the  S-Polygon  of  Fig.  87(e). 
The  values  of  &  for  the  section  at  the  tie  rod  are  plotted  below  the  OX  axis,  for,  as  shown  by  the  complete  S-Polygon, 
the  values  of  &  for  the  given  plane  of  bending  are  determined  by  the  fourth  quadrant  S-Line. 

Caw  2.  Dead  Load  and  Wind  Load. — The  dead  load  due  to  the  root  covering  and  the  purlin  is  a  vertical  load  of 
5.3  lb.  per  sq.  ft.,  as  determined  for  Case  1,  and  the  wind  load  is  a  normal  load  of  24  lb.  per  sq.  ft.,  as  determined 
for  Case  2  of  the  preceding  design.  From  the  force  diagram  of  Fig.  87(6),  the  component  perpendicular  to  the 
roof  is  28.6  lb.  per  sq.  ft.,  and  that  parallel  to  the  roof  is  2.7  lb.  per  sq.  ft.  By  the  methods  <A  Case  1,  it  will  be 
found  that  at  the  quarter  point  the  component  of  moment  i>erpendicular  to  the  roof  is  +24,700  in.-lb.,  and  that 
parallel  to  the  roof  is  +625  in.-lb.;  the  resultant  moment,  as  determined  grai5hioally  by  Fig.  87(c),  is  24,800  in.4b.; 
and  the  required  S  =  24,800/16,000  -  1.55  in.» 

At  the  center  point,  the  moment  perpendicular  to  the  roof  is  32,900  in.-lb.,  and  that  parallel  to  the  roof  is 
—  625  in.-lb. ;  the  resultant  moment,  as  determined  by  Fig.  87(d),  ifl  33,000  in.-lb. ;  and  the  required  S  »  33,000/16,000 
»  2.06  in.'.     These  values  are  shown  on  Fig.  87 (e) . 

Case  3.  Dead  Load,  Wind  Load,  and  One-half  Snow  Load. — With  the  half  snow  load  as  7.5  lb.  per  sq.  ft.,  the 
total  vertical  load  is  12.8  lb.  per  sq.  ft.  As  in  the  preceding  oases,  the  normal  wind  load  is  24.0  lb.  per  sq.  ft. 
From  Fig.  87(6),  the  component  perpendicular  to  the  roof  is  35.1  lb.  per  sq.  ft.,  and  that  parallel  to  the  roof  is 
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0.4  lb.  per  sq.  ft.  At  the  quarter  point,  the  moment  perpendicular  to  the  roof  ie  30,300  in.-lb.,  and  that  parallel  to 
the  roof  is  +1480  in.-lb.;  at  the  tie  rod  the  corresponding  values  are:  moment  i>erpendioular  to  the  roof  »  40,500 
in.-lb.:  moment  paralld  to  the  roof  ■■  — 1480  in.-lb.  From  Fig.  87(e),  the  resultant  moment  at  the  quarter  point 
is  30,350  in.4b.;  the  required  S  «>  30,350/16.000  -  1.90  in.*  From  Fig.  87(<i),  the  resultant  moment  at  the 
tiered-  40,600in.-lb.;  the  required  5  -  40.600/16,000  -  2.54  ln.« 

Determination  of  Purlin  Section, — Fig.  87(e)  shows  the  ^-Polygon  of  the  assumed  6-in.  channel  section.  It 
wiU  be  found  that  all  of  the  plotted  values  of  iS  lie  inside  of  the  polygon.  The  assumed  section  is  therefore  ample, 
and  wUi  be  adopted. 

The  results  of  this  design  show  that  the  use  of  tie  rods  makes  it  possible  to  use  smaller  sections  for  purlins  than 
for  the  conditions  assumed  in  the  preceding  design,  where  the  purlins  were  assumed  to  be  free  to  bend  in  any  diree- 
tioo.  Where  the  purlin  was  assumed  to  be  free  to  bend  in  any  direction,  a  6-in.  12>^-lb.  I-beam  was  required. 
Where  tie  rods  were  used,  a  6-in.  8-lb.  channel  was  found  to  answer.     This  represents  a  saving  of  4K  lb.  per  ft. 

of  parUn.  ^  ±-       j.- 

From  an  inspection  of  rTS  ^nneCring  W 

the  8-Polygon  of  Fig. 
87(«),  it  can  be  seen  that 
the  values  of  required  S 
lie  dose  to  the  OY  axis. 
For  all  cases,  except  where 
the  roof  slope  is  very  steep, 
it  win  probably  be  correct 
to  assume  that  the  tie  rods 
offer  complete  lateral  sup- 
port for  the  purlin.  The 
design  can  then  be  carried 
out  by  the  methods  used 
in  the  design  of  the  pur- 
lins for  rigid  roof  cover- 
ing, as  given  in  the  first 
part  <A  this  article. 

Dteiffn  of  Tie  Rode. — 
He  rods  usually  consist  of 
round  rods  threaded  at  the 
ends  to  provide  a  means 
of  fastening  the  tie  to  the 
purlin  section.     Fig.  88(a)  shows  the  type  of  connection  usually  used. 

As  the  tie  rods  form  a  continuous  line  from  the  eaves  to  the  ridge,  the  stress  in  the  rods  increases  to  a  maximum 
at  the  ridge.  The  area  oi  the  tie  rod  at  the  root  oi  thread  must  be  sufficient  to  carry  a  load  caused  by  the  compo- 
nent of  loads  parallel  to  the  roof  acting  over  the  area  tributary  to  the  tie  rod  of  maximum  stress. 

To  illustrate  the  methods  of  design,  assume  that  the  slant  height  of  the  roof  considered  in  the  preceding  design 
is  36  ft.  As  the  trusses  are  16  ft.  apart,  and  there  is  a  single  line  of  tie  rods  at  the  center  of  the  purlin,  the  area 
tributary  to  the  tie  rod  of  maximum  stress  is  36  X  8  -  288  sq.  ft.  From  the  force  diagrams  of  Fig.  87,  it  will  be 
found  that  the  greatest  component  of  load  parallel  to  the  roof  is  caused  by  the  loading  of  Case  1,  and  that  this 
eomponent  is  10.2  lb.  per  sq.  ft.  of  roof.  The  load  to  be  carried  by  the  tie  rod  is  then  288  X  10.2  «  2940  lb. 
With  an  allowable  working  stress  of  16,000  lb.  per  sq.  in.»  the  area  at  the  root  of  thread  is  2940/16.000  -  0.184 
sq.  in.  From  the  table  of  screw  threads  on  p.  238,  also  given  in  the  steel  handbooks,  it  will  be  found  that  a  H- 
in.  round  rod  will  answer.  If  the  load  to  be  carried  is  too  large  for  a  single  line  of  H  or  ^-in.  tie  rods,  the  load 
can  be  reduced  by  adding  another  line  of  ties. 

The  method  of  attachment  of  tie  rods  at  the  ridge  requires  some  consideration.  Two  methods  of  making 
the  ridge  connection  are  shown  in  Fig.  88.  In  Fig.  88(a),  two  purlinp  are  provided  at  the  ridge.  The  line  of  tie 
rods  on  either  side  of  the  ridge  is  joined  by  means  of  a  short  connecting  tie.  Fig.  88(&)  shows  the  force  diagram 
for  the  determination  of  the  stresses  in  the  rods  and  the  load  to  be  carried  by  the  purlin  due  to  the  tie  rods.  It  is 
probable  that  a  larger  section  will  have  to  be  provided  at  the  ridge  in  order  to  carry  the  heavy  concentration  brought 
to  this  point  by  the  tie  rod.  Fig.  88(c)  shows  an  arrangement  in  which  a  single  I-beam  forms  the  ridge  support. 
The  diagram  of  forces  is  shown  in  Fig.  88(d). 
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WOODEN  COLUMNS 
By  Henby  D.  Dewell 


Interior  columns  of  buildings,  supporting  floors  only,  arc  normally  square  in  cross  section, 
while  columns  supporting  roof  trusses  are  usually  made  rectangular  in  order  to  attain  greater 
stiffness  in  the  plane  of  the  roof  truss  than  in  the  plane  of  the  building  wall.  Columns  sup- 
porting roof  trusses  may  take  bending  stresses,  due  to  wind,  far  in  excess  of  the  unit  stresses 
produced  by  the  weight  of  the  roof  and  wall  constructions. 
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Interior  columns,  when  exposed,  are  usually  surfaced  four  sides,  and  the  comers  champfered. 
Sometimes  the  columns  are  bored  from  end  to  end  with  a  IJ^-in.  hole,  and  with  ?i-in.  holes 
at  top  and  bottom  extending  from  the  face  of  column  to  the  core  hole.  This  is  done  in  order 
to  prevent  dry  rot,  and  to  relieve  the  usual  condition  of  rapid  drying  out  of  the  exterior  of 
the  column,  and  slow  seasoning  of  the  interior  timber. 

Wooden  columns  with  a  ratio  of  ^  greater  than  20  will  fail  by  lateral  buckling.     No  wooden 

column  should  be  designed  with  a  greater  ^  than  60,  and  good  practice  will  lower  this  limiting 

slendemess  ratio  to  40. 

A  general  treatment  pertaining  to  columns  and  column  loads  is  given  in  the  chapter  on 
''Columns"  in  Sect.  1.  For  splicing  wooden  columns  and  for  column  connections,  see  Arts. 
121  and  123.     Bending  and  direct  stress  in  columns  is  treated  in  Sect.  1. 

66.  Formulas  for  Wooden  Columns. — All  modem  formulas  for  wooden  columns  assume 
the  case  of  square-ended  columns,  and  this  condition  of  ends  is  the  only  condition  recognized 
in  practice.     Practically  all  of  the  tests  on  wooden  columns  have  been  made  with  flat  ends. 

A  number  of  formulas  have  been  proposed  and  are  in  use  for  determining  the  safe  working 
strength  of  wooden  columns.  With  few  exceptions  these  formulas  are  of  the  experimental 
type — ^that  is,  they  are  based  on  the  results  of  tests.  The  straight-line  formula  is  the  type 
most  favored  by  engineers.  The  two  formulas  of  this  tyi)e  most  generally  used  are  (see  also 
Sect.  1,  Art.  99):  (1)  the  formula  of  the  American  Railway  Engineering  Association 
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Fig.  89. — Curves  of  column  formulaa.     (C  « 

1600) 


and  (2),  the  Winslow  formula 

The  second  class  of  column  formulas  gives  a 

curved  graph.     Of  this  type,  the  following  formula  of 

the  U.  S.  Department  of  Agriculture  is  extensively 

employed 

/    700  + 15c     \ 

^  '^^  \700  +  15c  +  cV 

In  the  above  formulas,  p  —  average  unit  com- 
pression (lb.  per 
sq.  in.)> 
C  =s  c  o  mpressi  ve 
strength  for  short 
columns  flb.  per 
sq.  in.). 
L 

L  ~  length  of  column  in 
inches. 

d  =  least  cross-sec- 
tional dimension 
of .  column  in 
inches. 


For  the  range  of  values  of  ;7  occurring  in  ordinary  building  construction,  the  three  preceding 
formulas  will  give  approximately  the  same  results.  Fig.  89  shows  the  graphs  of  these  formulas 
for  working  conditions,  with  C  =  1600.     For  columns  with  a  slenderness  ratio  l^j  less  than 

15,  the  unit  stress  to  be  used  is  that  for  ^  =  15. 

Table  1,  p.  199,  gives  the  unit  stress  for  timber  columns  for  various  ratios  of  ^,  and  values 


L 
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of  C  from  1000  to  1600  inclusiye,  corresponding  to  the  formula  of  the  U.  S.  Department  of 
Agriculture.  Table  2  gives  similar  quantities  using  the  American  Railway  Engineering  Asso- 
ciation formula.  Table  3  gives  the  safe  loads  in  thousands  of  pounds  for  surfaced  square 
timber  columns,  by  the  American  Railway  Engineering  Association  formula. 

66.  Ultimate  Loads  for  Columns. — It  is  sometimes  necessary  to  investigate  the  ultimate 
strength  of  wooden  colunms.     Unfortimately,  the  ultimate  strength  of  a  timber  column, 

especially  of  a  long  column,  or  a  colimin  with  an  ^  of  from  40  to  60,  is  indeterminate     The 

tests  which  have  been  made  on  long  columns  of  sections  commensurate  with  those  used  in 
building  construction  are  not  sufficient  in  number  to  justify  confidence  in  the  values  given  by 
formulas. 

From  the  results  of  tests  made  by  the  Watertown  Arsenal,  J.  B.  Johnson  proposed  for 
timber  columns  the  following  formulas: 

Ultimate  strength  for  partially  seasoned  yellow  pine  columns 

p  =4500-  l.o(^)* 
Ultimate  strength  for  partially  seasoned  white  pine  column 

p  =2600-  0.5  (^V 
Ultimate  strength  for  dry  long  leaf  pine  column 

p  =  6000-  1.5(^)* 

Ultimate  strength  for  dry  white  pine  colunm 

p  =  3600  -  0.72  R\  * 

W.  H.  Burr,  from  a  study  of  the  same  tests,  recommends  the  formulas: 
For  yellow  pine 

p  =  5800  -  70  ^ 


For  white  pine 

V  -  3800  -  47 


d 

L 
d 


One  other  column  formula  needs  to  be  mentioned,  since  it  has  been  used  quite  extensively 

ia  the  past.     This  is  the  formula  of  C.  Shaler  Smith  who  made  some  1200  tests  on  full-sized 

specimens  of  square  and  rectangular  yellow  pine  columns  for  the  Ordnance  Departoient  of 

the  Confederate  Government.    For  green,  half-seasoned  sticks  of  good  merchantable  lun^ber 

the  formula  of  Smith  is 

5400 

^  250  d* 

This  formula  gives  much  lower  strength  values  for  wooden  columns  than  any  of  the  preceding 
formulas. 

All  of  the  above  formulas  for  ultimate  strengths  are  based  on  short-time  loadings.  J.  B. 
Johnson,  in  some  75  tests  made  to  investigate  the  effect  of  time  on  continued  uniform  loading 
of  timber  in  end  compression,  found  that  but  little  more  than  one-half  the  short-time  ultimate 
load  will  cause  a  column  to  fail,  if  left  on  permanently.  In  other  words,  the  ultimate  strength 
of  a  timber  column  under  permanent  loads  is  approximately  one-half  the  ultimate  strength 
of  the  same  column,  as  determined  from  the  results  of  an  actual  test  in  a  testing  machine. 

67.  ]Built-ttp  Columns. — The  preceding  discussion  applies  only  to  columns  consisting 
of  single' sticks  of  timber.    Built-up  columns  may  be  divided  into  two  types:  (1)  those  of 
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aiilid  section  mtule  up  of  thin  planking  and  n^led,  or  nailed  and  bolted;  and  (2)  columns  of 
solid  section  bolted  and  keyed  together,  also  latticed  or  trussed  columns. 

Type  (1).^ — ^Columna  of  the  first  class  are  ort«n  used  in  cheap  construction  and,  unfortu- 
nately, in  situations  where  there  is  no  excuse  for  not  using  a  solid  section.  Carpeuters,  in  order 
to  make  use  of  material  available  or  handy,  will  often  build  up  poete  spiked  together  instead 
of  using  a  solid  section,  in  the  belief  that  they  are  furnishing  a  stronger  column  than  the  larger 
timber  of  one  piece.  Tests  have  conclusively  shown  that  a  column  of  two  or  three  pieces  of 
timber  blocked  apart  and  bolted  together  at  the  ends  and  middle  has  no  greater  strength  than 
the  sum  of  the  strengths  of  the  component  sticks,  each  acting  as  a  single  column,  entirely 

independent  of  the  other  sticks. 

KBBI        ■  ^^91  ^e  strength  of  a  built-up  column  of  tkis  class  depends  wholly  upon 

^KSSfl  H^Hl    ^^'^  ability  of  the  fastenings   to  resist  initial  deflection  under  loading. 

^■'^  ^^P^    Such  columns  are  usually  designed  with  one  of  two  typical  sections:  & 

'°'  '  "^        column  composed  of  a  number  of  planks  laid  face  to  face  and  bolted 

^'°'  b^]t^fo^°m^  "'  ■>'  spiked  together,  ae  shown  in  Fig.  90(o);  or  a  column  composed  of 
planka  face  to  face  with  their  edges  tied  together  by  cover-plates,  as  in 
Fig.  90(6).     Of  the  two  details,  that  of  Fig.  90(6)  is  far  superior  to  Fig.  90(a).    When  a 
column  of  the  type  shown  in  Fig.  90  (b)  is  thoroughly  spiked,  in  addition  to  being  bolted, 
the  strength  of  column  is  undoubtedly  greater  than  the  sum  of  the  strengths  of  the  component 
planks  acting  as  individual  sticks.    From  testa  made  by  the  writer,  it  is  recommended  that  the 
strength  of  a  built-up  column  of  the  type  of  Fig.  90(a)  be  taken  at  80%  of  the  mean  of  the 
strength  computed,  (1)  as  a  solid  stick,  and  (2)  as  a  summation  of  the  strength  of  the  individual 
sticks  considered  as  individual  columns.     For  columns  of 
the  type  of  Fig,  90(b),  it  is  recommended  that  the  strength 
be  taken  as  80%  of  that  of  a  solid  stick  of  equal  cross  section 
and  length. 

The  preceding  recommendations  are  tor  built-up 
columns  taking  no  appreciable  bending  stresses;  in  other 
words,  for  columns  whose  loads  are  balanced  about  the 
gravity  center  of  the  column  section.  Obviously,  the  re- 
sistance to  bending  of  a  built-up  column  of  this  class  is 
low,  as  has  been  pointed  out  in  the  coae  of  built-up  girders 
(see  Art.  45).  C«>  f6)  (c) 

Type  (2). — In  framing  for  large  timber  buildings,  as 
for  expositiona,  wooden  columns  are  sometimes  constructed 
of  two  posts  bolted  and  keyed  together  (Fig.  Sla),  two  posts 
laced  with  diagonal  sheathing  (Fig.  Sib),  or  four  pasta  laced 
together  (Fig.  die).     Such  a  construction  may  be  necessary 

for  the  long  story  heights  encountered  in  such  buildings,      tta.  St.— Hmtt  biuIt-upVolumna. 
The  lacing  shown  in  the  detail  of  Fig.  91(i:)  may  be  spiked, 

bolted,  or  attached  by  means  of  log  screws,  as  determined  usually  by  consideration  of  the 
stresses  in  the  lacii^  due  to  wind  shear.  For  dead  loads,  it  is  well  to  assume  that  the  individual 
timbers  act  as  separate  columns,  not  held  together  by  the  fastenings.  The  lacing  may  be 
at  80  or  at  45  d^.  with  the  axis  of  the  column,  depending  on  the  judgment  of  the  designer. 
In  general,  the  writer  prefers  the  OO-deg.  lacing. 


o 
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Table  1. 


-Working  Unit  Stresses  in  Pounds  per  Square  Inch  for  Timber  Golumi 
WITH  Square  Ends,  Symmetrically  Loaded 

(Formula  of  V.  S.  Department  of  Agrioulture) 


t 

Working  unit  stressee  in  pounds  per  square  inch  for  values  of  "  C"  as  indicated 

L/d 

. 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1 
16     ! 

804 

884        965 

1046 

1127 

1206 

1284 

16 

785        864        943 

1022 

1100 

1179 

1255 

17 

767        844 

921 

998 

1075 

1150 

1226 

18 

749 

823 

899 

974 

1050 

1124 

1199 

19 

730 

805 

878 

950 

1025 

1    1097 

1170 

20 

712    ,    786 

857 

928 

1000 

1071 

1143 

21 

695        768 

837 

905 

975 

1046 

1117 

22     ! 

1 

679 

750 

817 

883 

951 

1020 

1090 

23 

663 

731 

796 

861 

929 

996 

1063 

24 

647 

714 

778 

841 

906 

971 

1039 

25 

631 

697 

759 

821 

884 

949 

1013 

26 

617 

681 

741 

802 

864 

927 

989 

27 

601 

664 

724 

784 

844 

906 

965 

28 

587 

648 

707 

766 

824 

883 

942 

29 

673 

632 

690 

748 

805 

862 

920 

30 

1 

559  •  1    617 

674 

730 

787 

841 

899 

31 

547        601 

659 

713 

768 

821 

878 

32 

534        587 

643 

606 

750 

801 

856 

Table  2. — Working  Unit  Stresses  in  Pounds  per  Square  Inch  for  Timber  CoLUM^ 

WITH  Square  Ends,  Symmetrically  Loaded 

(Formula  of  American  Railway  Engineering  Association) 

Working  unit  stresses  in  i>ounds  per  square  inch  for  values  of  "C"  as  indicated 

L/d 

:       1       1 

1000 

1100 

1200       1300        1400 

1 

1500         1600 

.15 

1 
749        824        900 

974 

1049 

1125 

1 

1200 

16 

732 

806        879 

952 

1025 

1100 

1182 

17 

716    1    787        860 

930    <    1002 

1075 

1145 

18 

700    1    769        840 

909        979 

1050 

1110 

19 

683        750    •    819 

1 

887 

955    ' 

1 
1 

1025 

1002 

20 

666 

732 

1 

800 

866 

932 

1000 

1065 

21 

649 

714 

779        843 

909 

975 

1039 

22 

632 

696 

760        822 

885 

950 

1012 

23 

616 

677 

739        801    !     862 

925 

985 

24 

600 

659 

720        779        839    i 

1          '           1 

900 

959 

25 

582 

640 

699 

757 

815 

875 

932 

26 

666        622 

680 

735 

792 

850 

906 

27 

549    i    604 

659 

714 

769 

825 

879 

28 

633 

585 

639 

692 

746 

800 

852 

29 

516 

567 

620 

670 

722 

775 

• 

825 

30 

500 

648 

599 

649 

699 

750 

799 

31 

483 

530        580 

627         075    ' 

725        772 

32 

466 

512        550 

606    ;     651 

700        746 

200 
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66.  Colamn  Bases. — Except  for  tempomry  con- 
struction, building  footings  at  the  present  time  are 
constructed  of  concrete,  reinforced  concrete,  or  steel 
grillt^iee  incased  in  concrete.  The  statement  may 
be  made,  therefore,  that  the  fiiBt-atory  eolumn  of  any 
building  will  rest  on  a  concrete  footing,  A  base  plate 
between  the  bottom  of  poet  and  top  of  footing  is  a 
necessity  for  two  reasons:  (I)  to  distribute  the  column 
pressure  over  the  footing  without  exceeding  the  safe 
unit  bearing  preesure  for  concrete;  and  (2)  to  prevent 
moisture  from  enterii^  the  bottom  of  the  column  and 
causing  rot.  For  this  purpose  a  wooden  plate,  pre- 
ferably of  redwood  or  cedar,  a  standard  metal  columa 
base,  a  cast-iron  base,  or  a  plain  steel  plate  may 
be  used.  The  latter  is  often  found  as  satisfactory 
and  more  economical  than  the  standard  metal  post 
base.  If  a  single  plate  is  used,  the  thickness  must 
be  sufficient  to  give  strength  to  the  plate,  in  flexure, 
to  distribute  the  load  uniformly  over  the  footing, 
with  a  uniform  distribution  of  pressure  on  the 
footing. 


»3   Fia.  »4.— Typioil  deWil.  <J  .^onslru^tLon  mth  ' 

piklle"  i>»t  mvt 

g  S  IDC  a  Lowl  gl  130,000  lb.    Umds  ,.  workiDs  <■! 
£  3  iq.  is.  (nr  bcHrine  od  the  aDDcreU,  e.  bttee  o 
E  S   328  Kj,  in.  »  required,  or  18  in,  .quire.    The 
a^   projmt    3^i  in.    from    rath    fa™    tt    ooluni 

a.  eolumn  eury- 
■  of  400  lb,  per 

130,000/400  . 
pUte  will  then 
,    The    (Mndins 

the  plate  m 


.(^T^)(«)C«)- 


(—=)(«)(«)-  (JJ,IK)0)(2.17)-70,«00  1..-Ib.  ThU 
moraBDt  i*  leeitled  by  the  full  width  of  bue.  As  the  piste  ii 
in  effect  a  ehort,  thick  beam,  a  maiimum  flemral  fiber  itresB  el 

may  be  lusd,  (iviDg  a  required  wclion  moduliu  ul  3.i3.    Therefor* 

8  -  1.08,  or  a  IM.-in.  plaU, 
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In  detailing  the  base  of  column,  it  is  well  to  set  a  dowel  into  the  concrete  and  let  the  same 
project  into  the  bottom  of  post.  The  size  of  dowel  is  a  matter  of  judgment.  For  a  12  X  12- 
in.  post,  the  dowel  should  be  not  less  than  1 J^  X  6  in. 

If  the  use  of  a  standard  column  base  is  contemplated,  the  particular  base  should  be 
examined  to  make  sure  its  composition  is  sufficiently  strong  to  distribute  its  load  equally  over 
the  foimdation. 

It  remains  to  be  stated  that  all  metal  bases  should  be  well  painted.  The  bottoms  of  col- 
imins  should  be  given  two  coats  of  a  good  wood  preservative.  The  top  of  the  concrete  footing 
should  be  set  a  few  inches  above  the  floor  to  prevent  moisture  standing  around  the  bottom  of  the 
column. 

Figs.  92,  93  and  94  show  standard  post  bases,  taken  from  manufacturers'  catalogs. 

CAST-IRON  COLUMNS 

By  H.  S.  Rogers 

69.  Use  of  Cast-iron  Columns. — Cast-iron  columns  are  suitable  only  for  small  biiildings 
of  non-fireproof  construction.  They  offer  somewhat  greater  resistance  to  fire  than  unprotected 
steel  columns  and  occupy  a  minimum  of  space  in  the  building,  but  cast  iron  is  by  no  means  as 
reliable  as  steel  and  the  bolted  connections  of  cast-iron  columns  allow  more  or  less  lateral 
movement  which  is  serious  in  high  buildings. 

Columns  of  this  material  should  not  be  used  with  fabricated  steel  in  skeleton  construction 
or  under  conditions  which  produce  flexural  stresses  of  any  magnitude,  other  than  those  due  to 
concentrically-loaded  column  action.  The  unreliability  of  cast-iron  columns  is  due  to  the 
variation  in  quality  of  the  material,  defects  likely  to  occur  in  casting,  and  the  difficulty  of 
thorough  inspection. 

70.  Properties  of  Cast  Iron. — Cast  iron  has  a  very  high  unit  compressive  strength — usually 
considered  to  be  about  80,000  lb.  per  sq.  in.  This  material,  however,  is  not  strong  in  shear  or 
tension,  the  average  ultimate  shearing  stress  being  18,000  lb.  per  sq.  in.,  and  the  average  ultimate 
tensile  stress  15,000  lb.  per  sq.  in.  The  ultimate  intensity  of  stress  which  can  be  developed 
in  a  piece  of  cast  iron  varies  with  its  fineness  of  grain,  and  depends  largely  upon  its  thickness 
and  the  rate  of  cooling,  as  well  as  its  composition.  The  high  compressive  stresses  make  it  a 
very  desirable  material  to  use  in  compression,  but  because  of  the  somewhat  treacherous  nature 
of  cast  iron,  the  high  compressive  stresses  found  are  often  misleading.  Also,  the  low  shearing 
and  tensile  values  preclude  its  use  under  any  condition  other  than  that  of  direct  compression. 
It  does  not  rust  as  quickly  as  steel  and  resbts  fire  somewhat  better,  but  may,  however,  be 
subjected  to  serious  strains  because  of  sudden  cooling  w^ith  water  from  a  fire  stream.  It  is 
very  hard  and  brittle,  and  fractures  suddenly  without  warning.  No  riveted  connections  should 
be  made  to  cast  iron.  All  connections  of  girders  to  columns,  or  column  to  column,  must  there- 
fore be  made  by  bolts  which  impair  the  rigidity  of  a  structure  by  the  allowance  for  clearance. 

71.  Manufacture  of  Cast-iron  Columns. — Cast-iron  columns  may  be  cast  in  sand  molds 
either  upon  the  side  or  on  end.  In  either  case  a  baked  core  molded  to  the  dimensions  of 
the  inside  of  the  column  must  be  made  of  sand,  flour,  and  water,  and  supported  within  the  sand 
mold.  There  are  practical  conditions  surrounding  every  part  of  the  work  which  will  determine 
the  quality  of  the  column  produced.  Many  pronounced  defects  found  in  columns  are  due 
to  the  method  of  pouring  used  in  their  manufacture. 

If  the  column  is  cast  on  its  side,  the  core  will  be  buoyed  up  within  the  mold  because  of  the 
great  difference  in  density  between  it  and  the  molten  metal.  Provision  must,  therefore,  be 
made  to  prevent  the  core  from  rising  toward  the  top  side  of  the  mold,  or  from  being  sprung  from 
line  so  that  the  mid-portion  of  the  top  side  of  the  casting  will  be  thinner  than  the  desired  thick- 
ness. This  defect  produced  by  "floating  cores"  is  one  which  is  frequently  found  in  cast-iron 
colmnns.  TTie  molten  metal  rising  in  the  mold  carries  dirt  and  air  above,  in  which  will  form 
"honeycomb"  and  "blowholes"  along  the  top  side  of  the  column,  unless  provision  is  made  by 
vents  for  the  escape  of  the  air.     This  provision  can  be  made  by  forcing  a  wire  rod  through  the 
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mold  at  intervals.  When  these  difficulties  have  been  overcome,  there  are  still  others  which  may 
ariae  due  to  unequal  cooling  produced  by  the  manner  or  speed  of  pouring,  by  the  condition  of 
part  of  the  mold,  or  by  the  imequal  radiation  in  the  molds.  The  last  may  be  due  to  an  unequal 
uncovering  of  the  mold.  Unequal  cooling  may  produce  stresses  which  will  crack  the  column 
before  any  load  is  placed  upon  it. 

The  end  method  of  casting  avoids  some  of  these  difficulties  if  the  molten  metal  is  introduced 
at  the  bottom  of  the  mold.  The  dirt,  sand,  and  air  that  collect  will  t]^us  be  borne  to  the  top 
of  the  mold  so  that  they  can  be  removed,  but  the  pressure  produced  by  the  head  of  molten 
metal  will  often  be  greater  than  the  mold  can  withstand,  if  the  column  is  of  any  considerable 
length.  The  defects  found  in  columns  cast  on  end  will  not,  however,  be  so  numerous  as  those 
found  in  columns  cast  on  the  side.  These  defects  can  be  eliminated  to  some  extent  by  careful 
foundry  work.     If  not  eliminated,  they  should  be  caught  at  the  time  of  inspection. 

72.  Inspection  of  Cast-iron  Columns. — Cast-iron  columns  may  have  defects  either  in  the 
surface,  or  within  the  metal,  or  may  have  insufficient  strength  due  to  variation  in  the  section 
of  the  metal  due  to  displacement  of  the  core.  Defects  in  the  surface  can  be  fgund  by  a  careful 
examination  of  the  column.  Defects  within  the  metal  can  be  discovered  by  a  careful  tapping 
of  the  column  with  a  hammer,  as  the  honeycomb  or  sand  spots  will  sound  dead.  In  hollow 
square  or  roimd  columns,  variation  in  thickness  of  the  metal  can  be  determined  by  drilling  two 
or  three  H'Ui.  holes  through  the  column.  If  this  variation  is  more  than  3^  in.,  the  column  should 
be  rejected.  The  H-section  affords  easy  access  to  the  surface  for  inspection  and  painting,  and 
opportunity  to  measure  the  section.  Columns  with  brackets  should  be  carefully  inspected 
at  these  details,  especially  if  the  column  has  been  poured  on  its  side  through  the  bracket. 

73.  Tests  of  Cast-iron  Columns. — The  Department  of  Buildings  of  New  York  City  made 
a  series  of  tests  upon  cast-;iron  columns  some  years  ago  at  the  works 
of  the  Phoenix  Bridge  Co.  Nine  columns  were  tested  to  destruction 
and  a  tenth  to  the  capacity  of  the  testing  machine.  Six  of  the  ten 
columns  had  a  diameter  of  15  in.,  a  length  of  15  ft.  10  in.,  and  a  thick- 
ness of  shell  of  1  in.;  two  had  a  diameter  of  8  in.,  a  ratio  of  L/d equal  ^^°-  ^^"^^o^?"  '''*^"°"* 
to  20,  and  a  shell  thickness  of  1  in. ;  two  had  a  diameter  of  6  in.,  a  ratio 

of  L/d  equal  to  20,  and  a  shell  thickness  of  1  in. 

The  columns  broke  at  loads  varying  from  22,700  lb.  per  sq.  in.  to  over  40,400  lb.  per  sq.  in., 
the  latter  being  the  intensity  of  stress  in  one  of  the  15-in.  columns  which  withstood  the  total  ca- 
pacity of  the  machine.  The  other  five  15-in.  columns  all  exhibited  foundry  dirt,  honeycomb, 
cinderpockets,  or  blowholes. 

74.  Design  of  Cast-iron  Columns. — The  sections  of  cast-iron  columns  in  general  use  are 
shown  in  Fig.  95.  The  hollow  cylindrical  section  gives  the  best  distribution  of  metal  in  a  column, 
but  the  connection  details  do  not  work  as  nicely  as  those  for  the  hollow  square  section,  which  is 
almost  as  efficient  in  distribution  of  material.  The  hollow  square  section,  on  the  other  hand,  has 
disadvantages  which  are  not  found  in  the  hollow  cylindrical  section.  The  comers  of  the  square 
section  are  very  liable  to  crack,  due  to  the  cooling  of  the  column ;  but  this  can  be  obviated  by  an 
outside  curved  comer  and  an  inside  fillet.  The  H-section,  though  not  affording  a  distribution 
of  material  as  efficient  as  the  hollow  cylindrical  or  hollow  square  column,  has  the  advantages  of 
being  open  to  inspection,  of  being  cast  without  a  core,  and  of  being  easily  built  into  a  brick 
wall.     It  meets  the  greatest  favor  as  a  wall  column. 

The  allowable  unit  stresses  in  the  sections  of  cast-iron  colunms  are  determined  as  discussed 
in  Sect.  1,  Art.  98 .  The  type  of  column  is  first  selected  and  then  tested  for  its  total 
strength  by  the  application  of  one  of  the  column  formulas  for  unit  stresses.  There  are  two  types 
of  formulas  in  general  use  for  determining  the  unit  stresses  in  cast-iron  columns:  the  Gordon 
and  the  Straight  Line.  The  Gordon  type  is  specified  by  the  building  code  of  Philadelphia 
and  the  straight-line  type  by  the  codes  of  New  York,  Boston,  Chicago,  and  Seattle.  n  the 
Gordon  type  the  radius  of  gyration  has  been  replaced  by  the  value,  d,  which  is  the  outside  di- 
ameter <rf  cylindrical  section,  or  the  outside  dimension  of  the  square.     This  can  be  done  by 

changing  the  constant  in  the  denominator  of  the  factor,  a—^  ,  since  the  radius  of  gyration 
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for  any  particular  value  of  thickneBaaftheBhell,  bears  a  direct  relation  to  the  outside  dimeasion, 
and  since  the  radii  of  gyration  for  any  outside  dimension  are  practically  the  same  for  all  the 
standard  thickneHBee  of  shell.  The  formulae  adopted  in  several  codes  are  given  in  Sect.  1, 
Art.  98. 

The  following  specifications  should  be  observed  in  the  design  of  the  shafts  of  cast-iron 
colutnos: 


;r  than  IH  to  ZH 


LUin  thickasu  of  the  Bhall  ahould  not  be  \em  Uum  9*  in.;  the  marinnira  thicJcDeaa  ehould  not  b« 
r  (hould  not  b«  cnaMr  than  ISin.itbemmimuindUmeUrihauld  not  be  Ine  than  5  or  S 
L/r,  gbould  not  eiosad  70:  the  uBeuppottad  length  of  the  aolimui  ihould  not  aioead 


No  inaido  offset  D  c 


ft  should  bi 


7fi.  Column  Caps  and  Bases. — Hollow  cyUndrical  and  square  cast-iron  columns  are  gener- 
ally'faatened  together  by  a  simple  flanged  base  and  cap  as  shown  in  Pig.  96  (a)  and  96  (b). 
The  flanges  should  not  be  thinner  than  the  shaft  of  the  column  and  should  be  at  least  3  in.  wide; 
which  width  will  be  sufficient  for  hexagonal  nuta  on  ?4-in-  bolts.     These  flanges  should  be  faced 


.— Caet-iron  column  details. 


at  right  angles  to  the  axis  of  the  column.  The  bolt  holes  in  the  flangea  should  be  drilled  to  a 
templet  so  that  the  columns  can  be  fitted  together  in  proper  atigntneut  and  the  flangee  should  be 
spot-faced  at  bolt  holes  so  that  they  will  give  a  square  firm  bearing  to  bolts  and  nuts.  If  the 
ends  of  cast-iron  columns  must  be  left  rough,  sheets  of  lead  or  copper  should  be  placed  between 
flanges  of  columns  bolted  together,  so  that  an  even  bearii^  will  be  obtained  by  the  soft  metal 
taking  up  the  inequalities  of  the  surface.  In  no  case  should  ahims  be  used  to  wedge  up  one 
aide  of  a  column. 

If  it  ia  desired  to  give  any  arehitectural  pretentions  to  the  caps  or  bases  of  cast-iron  columns, 
the  design  of  such  should  be  made  so  as  not  to  weaken  the  shaft  section  of  the  column  by  change 
of  dimensions  or  offsets  that  will  throw  transverse  stresses  into  the  column.  '  Ornamental  caps 
or  bases  of  la^e  size  should  be  cast  separate  from  the  column. 

76.  Bracket  CoonectionB. — -The  usual  forms  for  the  connections  of  beams  and  girders  of 
CBst-iTOn  columns  are  shown  in  Fig.  96[c),  96(d),  and  96  (e)  and  in  the  table  of  "Manufacturers' 
Standard  Cast-iron  Column  Connections."  The  beam  rests  upon  the  bracket  shelf  and  is  bolted 
to  the  lug  on  the  column  through  the  web.  The  holes  in  the  web  of  the  beam  for  bolting  to 
the  lugs  should  be  drilled  in  the  field  in  order  to  match  the  cored  holes  of  the  lug. 

Connections  should  be  designed  with  a  bracket  directly  below  the  web  of  a  single  girder  or 
below  each  web  of  a  box  girder  so  that  no  tranaverac  bending  strains  will  be  thrown  into  the 
bracket  shelf.    The  bracket  shelf  should  be  given  a  slope  of  }i  in.  to  the  foot  away  from  the 
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column  HO  that  the  load  cannot  be  applied  at  the  end  of  tho  ahelf.  A  bracket  will  bear  only 
about  one-half  OB  great  a  load  applied  eccentrically  at  the  edge  ofthcahelfas  one  dietributcd  over 
the  ehelf.  A  bracket  ahelf  may  fail  in  one  of  three  waye,  (1)  by  shearing  through  shelf  and 
bracket  next  to  the  column,  (2)  by  transverse  bending,  or  (3)  by  tearing  out  a  section  of  the 
column  u  shown  in  fig.  96(f). 


D«Ptbot 

b«ni 

A 

' 

C 

' 

• 

F 

" 

H 

K 

ThiekDeu 
ollus. 

Holw 

»> 

S 

0 

mi 

m 

m 

2 

is-i 

2 

1 

oared  for 

18               * 

lOM 

m 

m 

3 

m 

3H 

SH 

SH 

IM 

IH 

IM 

IW 

12               3 

3 

m 

■7H 

IH 

m 

' 

IM 

IM 

' 

Depth  of 
bum 

A 

0 

° 

B 

r 

" 

» 

" 

Thickii™ 
of  Ian 

Holf. 

10 

3J4 

3M 

4 

7       m 

1 

2 

IH 

IM 

1 

cored    lor 

3 

* 

7            1 

2 

IM 

IW 

' 

aw 

2M 

* 

'    1   ' 

i 

2 

IM 
IH 

IW 
IM 

Tests  by  the  Building  Department  of  New  York  City  have  shown  that  brackets  will  not 
fail  by  shear  or  transverse  bending  on  columns  of  more  than  6-in.  diameter  if  designed  accord- 
ing to  Htandard  practice.  Of  22  brackets  tested,  those  on  8  or  15-in.  columns  failed  by  tearing 
holes  in  the  body  of  the  column,  and  4  on  &-in.  columns  failed  by  shearing  or  transverse  stress. 

The  design  of  bracket  shelves  by  any  rigorous  analytical  method  is  impossible.  Some  of  the 
factora  which  complicate  it  are  the  rate  of  cooling,  variations  in  the  thickness  of  metal,  and  im- 
perfections. The  design  should,  however,  be  checked  against  failure  due  to  shear  or  transven« 
bending. 
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STEEL  COLUMNS 
By  Clyde  T.  Morbis 

77.  Steel  Column  Formulas. — Practical  column  formulas  that  are  in  use  in  this  country 
are  of  three  types,  the  Rankine  or  Gordon  type  (Formula  1),  the  straight  line  (Formula  2), 
and  the  parabolic  type  (Formula  3). 

f 
p  =  — =^-jY Rankine  or  Gordon  formula (1) 

p  —  f  —  m— Straight  line  formula (2) 

p  =y_7^_ Parabolic  formula (3) 

in  which  p  =  allowable  intensity  of  stress  over  the  column  section. 

/  =  maximum  allowable  intensity  of  stress  in  short  blocks. 
=  len^h. 
r  =  radms  of  gyration. 

—  is  called  the  slenderness  ratio, 
r 

a,  m,  and  n  are  constants. 

The  constants  in  these  formulas  are  determined  from  experiments.  Many  authorities 
give  three  values  for  the  constant  "a"  in  Formula  (1),  corresponding  to  two  fixed  ends,  one 
fixed  and  one  pin  end,  and  two  pin  ends. 

A  general  treatment  pertaining  to  columns  and  column  loads  is  given  in  the  chapter  on 
"Columns"  in  Sect.  1.  Bending  and  direct  stress  in  columns  is  treated  in  the  chapter  on 
"Bending  and  Direct  Stress — Wood  and  Steel"  in  Sect.  1.  For  column  connections,  see  Sect.  3, 
Art.  726. 

^  78.  Slenderness  Ratio. — The  unsupported  length  of  a  compression  member  should  never 
exceed  200  times  its  least  radius  of  gyration.     The  following  are  usually  recognized  as  the  upper 

limits  of  the  value  of  —  for  the  various  classes  of  structures. 

r 

For  lateral  struts  carrying  wind  stresses  only,  in  buildings 150  to  200. 

For  lateral  struts  carrying  wind  stresses  only,  in  bridges 120  to  150. 

For  columns  in  buildings  with  quiescent  loads ; 120  to  150. 

For  compression  members  in  bridges 100  to  120. 

79.  Forms  of  (press  Section. — For  economy,  the  radius  of  gyration  of  the  section  should  be 
as  large  as  possible!  This  makes  it  desirable  to  place  as  much  of  the  material  as  possible  as  far 
from  the  axis  of  the  column  as  is  consistent  with  good  design.  The  hollow  cylinder  is  theoret- 
ically the  most  economical  form  of  column  cross  section,  for  in  this  form  all  of  the  material  is  at 
a  maximum  distance  from  the  axis. 

Steel  pipe  columns  are  frequently  used  for  Ught  loads  where  the  loads  are  quiescent  and 
there  is  no  probability  of  a  lateral  component  to  the  forces  acting  on  the  column.  Hie  caps  and 
bases  of  these  are  usually  cast  iron  and  the  use  of  this  form  of  column  has  the  same  limitations 
as  that  of  cast-iron  columns. 

Fig.  97  shows  the  more  common  forms  of  cross  section  for  steel  colunms  and  struts. 

Struts  of  2  angles  (Fig.  97a)  are  commonly  used  for  light  lateral  bracing.  The  section 
is  unsymmetrical  and  for  this  reason  is  undesirable  for  main  compression  members.  Columns 
composed  of  2  channels  laced  (Fig.  97gr,  h,  and  k)  or  2  pairs  of  angles  laced  (Fig.  976)  are  not  as 
rigid  in  the  plane  of  the  lacing  as  those  in  which  the  parts  are  connected  by  plates.  Care  should 
be  used  in  proportioning  the  lacing  in  such  columns.  Types  i  and  I  are  forms  which  are  commonly- 
used  for  top  chords  and  end  posts  of  bridges.  The  lattice  on  the  lower  side  permits  access  for 
cleaning  and  painting.  The  Bethlehem  H-section  (Fig.  97  e  and  /)  is  a  form  much  used  in 
building  work.     Type  e  without  cover  plates  is  very  economical  on  account  of  the  small  amount 
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of  fabrication  necessary.  Type  /  is  much  more  expensive  as  it  is  necessary  to  drill  the  holes  in 
the  heavy  flanges  of  the  {i-section  for  riveting  on  the  cover  plates.  These  flanges  are  too  thick 
to  punch.  Z-bar  columns  (Fig.  97  q  and  r)  are  seldom  used  in  modem  structures.  The  Grey 
column  (Fig.  97«)  and  the  4-angle  column  (Fig.  970  are  frequently  used  in  combined  steel  and 
concrete  columns. 

80.  Steel  Column  Details. — ^The  component  parts  of  a  colimm  must  be  so  rigidly  connected 
together  that  they  cannot  deform  independently.  The  entire  section  must  act  as  a  unit.  In  the 
types  of  columns  which  do  not  have  lacing,  the  riveting  necessary  to  hold  the  parts  in  contact 
and  make  tight  joints,  will  be  sufficient  to  transmit  the  transverse  shear  and  ensure  the  action 
of  the  column  as  a  unit. 

80a.  Lattice  or  Lacing. — When  lat- 
tice or  lacing  is  used  to  connect  the  parts  of 
a  column,  it  must  be  proportioned  to  take  the 
transverse  shear  caused  by  the  bending  of  the 
column.  Professors  Talbot  and  Moore,  in  the 
Trans.  Am.  Soc.  C.  E.,  Vol.  LXV,  p.  202,  give 
an  account  of  experiments  performed  at  the 
University  of  Illinois  to  determine  the  stresses 
in  lace  bars.  The  following  is  quoted  from 
this  report: 
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equal  in  amount  to  1  to  3  %  of  the  applied  com- 
i;>ree8ion  load,  or  to  that  produced  by  a  concentrated 
to^nsverse  load  at  the  middle  of  the  column  length 
equal  to  2  to  6  %  ol  the  compression  load. 
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Two  methods  of  proportioning  lace  bars 
are  in  common  use:  Fir^i  Method. — Column 
formulas  used  in  design  give  a  reduced  allowed 
imit  stress  which  is  the  average  over  the  sec- 
tion. The  maximum  allowed  flber  stress  on 
the  cross  section  is  usually  included  as  a  factor 
in  the  formula,  and  the  difference  between  the 
Ttift-yimiim  and  the  average  is  the  fiber  stress 
caused  by  the  bending  due  to  column  action. 
This  difference  in  fiber  stress  is  assiuned  to  be 
due  to  a  uniform  transverse  load  applied  to 
the  column,  and  from  this  the  equivalent  transverse  shear  may  be  calculated 

In  Formulas  (2),  (3),  or  (4)  • 

/  =  the  maximum  allowed  fiber  stress.  '* ' 

p  »  the  average  unit  stress. 

^"  .  ^.  and  J/  =  ^  -  P^^*"' 
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as  follows: 
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Second  Method,* — ^A  column  under  stress  will  deform  into  a  curve  with  a  point  of  contra- 
flexure  near  each  end,  the  distance  from  the  end  depending  upon  the  degree  of  fixity  of  the  end 
(see  Fig.  103,  Sect.  1,  p.  59).  At  these  points  of  contra-flexure  the  bending  moment  is  zero 
and  consequently  the  stress  on  the  column  cross  section  is  uniform.  Midway  between  these 
points  the  maximum  bending  moment  occurs,  and  the  maximum  unit  stress  in  compression  oc- 
curs on  the  concave  side.  Therefore  in  a  distance  equal  to  one-half  the  length  between  the 
points  of  contra-flexure,  the  unit  stress  in  the  concave  side  of  the  column  must  change  from  the 
average  to  the  maximum  allowed. 

« From  "Steel  Structures"  by  Clyde  T.  Mobbis,  p.  120. 

i 


208  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec  a-80a 

Suppose  a  column  to  be  made  up  of  two  leaves  connected  by  lacing. 
As  before,  /  «=  the  maximum  allowed  fiber  stress. 

p  =  the  average  unit  stress. 
Let  F  =^  the  total  change  in  stress  in  one  leaf  of  the  column  in  a  distance  /. 

F 
8  »  the  total  change  in  stress  in  one  leaf  per  unit  of  length  >=  -j  • 

I  =>  the  least  distance  from  a  point  of  contra-flexure  to  a  point  of  maximum  bending 

moment.    , 
L  B  the  total  length  of  the  column. 
Ai  »  the  area  of  cross  section  of  one  leaf. 
Then 

F  =  A,(/  -  p)  and  8  =  M_ZX) 

For  a  pivoted  end  column,  L  =  2Z,  and  for  a  fixed  end  column,  L  «  41,  Any  column  in 
practice  will  lie  somewhere  between  these  two  limits.  This  theory  assumes  that  the  rate 
of  change  of  stress  in  the  leaf  is  uniform  ^  which  is  not  true,  but  in  any  case  eccentricities  of 
manufacture  and  loading  may  make  {  different  than  theory  would  indicate.  Therefore,  to  be 
on  the  safe  side,  take  L  «  4Z  in  all  cases;  then 

s=^^  (5) 

Formula  (5)  gives  the  longitudinal  increment  of  stress  in  one  leaf  per  unit  of  length  of 
column,  and  sufficient  connection  must  be  provided  between  the  leaves  to  transmit  this  stress. 

In  either  the  first  or  second  method,  if  the  cohimn  is  subject  to  an  external  bending  moment 
in  the  plane  of  the  lacing,  this  must  be  included  in  getting  the  value  of  (/  —  p).  In  all 
cases  the  lace  bars  must  be  proportioned  to  carry  the  calculated  stress  in  either  tension  or 
compression. 

The  inclination  of  lace  bars  with  the  axis  of  the  member  should  never  be  less  than  45  deg., 
and  their  thickness  should  not  be  less  than  |^o  of  the  distance  between  rivets  for  single  lattice 
and  Ko  for  double  lattice. 

The  following  minimum  widths  for  lace  bars  arc  sanctioned  by  good  practice. 

For  members  15  in.  and  over  in  depth 2}^  in. 

For  members  9  to  12  in.  in  depth 2Ji  in. 

For  members  7  to  9  in.  in  depth 2      in. 

For  members  under  7  in.  in  depth •. 1?^  in. 

Dlastratiye  Problem. — A  column  14  ft.  long  is  composed  of  4  angles  3>|(  X  3  X  H«  Uoed,  12  in.  back  to  hmck 

L 
(see  Fig.  976).     The  straight-line  formula,  p  -  16,000  -  70  ^  •  vrUl  be  used. 

A  *  7.76  sq.  in. 

r  —  5.27  in.  in  the  plane  of  the  lacing. 
/  —  16,000  lb.  per  sq.  in. 
p  —  13,770  lb.  per  sq.  in. 
-  p  -  2230. 
Firat  Method. 

Sh.«r        (4)f2230)(7.76)(5.27)«       ,._  ,. 

Shear (i4)(l2)(6) ^^  ^^' 

If  the  lacing  makes  an  angle  of  45  deg.  with  the  axis  of  the  member. 

Stress  in  lace  bar  -  (1905)  (1.414)  -  2690  lb. 
Distance  beween  gage  lines  in  the  angles  ■■  12  —  (2)(1^)  ■>  8.5  in. 
Distance  beween  end  rivets  in  lace  bar  —  (8.6)  (1.414)  ■•  12  in. 

Minimum  thickness  of  lace  bar  =>  —  ■>  0.3  in. 

40 

TryhicebarB2  X  Me.     A-0.62sq.in.     r  -  0.09 in. 

(70)  (12) 

Allowed  unit  stress  for  lace  bar  =■  16,000 6670  lb.  per  sq.  in. 

0.09 


Second  Method. 


„       .     ,  2690       ... 

Required  area  —  7r«^  =■  0.40  sq.  in. 


(4)(3.88)(2230)       „^,.  ... 

•  ■  — (14)(12) "  ^^  ^*  ^^  ^°*  *°- 
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U  Uia  lunnc  Bokm  u  >Dsta  ol  4S  doc  with  th«  arii  of  the  member,  the  l«i«th  of  tha  aclumn  whioh  will  h 
•flrved  by  on*  l*oe  bar  wiU  be  S.5  in,  Loncitudiaal  foBremeitC  of  etrcu  in  oiM  leaf  per  l»ee  ber  ■ 
(&5)CaO«)  -  17S0  lb. 


At  the  ends  of  l&tticed  comprssaion  membera,  ttay  jdatei  must  be  provided  to  equaliie  the 
distribution  of  stress  to  the  end  connections.  These  stay  plates  should  be  not  less  in  width  th&n  ' 
the  width  of  the  member,  and  preferably  not  lees  in  length  than  1^  times  the  width,  and  not 
leas  in  thicknesa  than  Ha  o!  the  unsupported  width.  At  the  ends  of  large  compression  membera 
(aay  over  24  in.  in  width)  a  diaphragm  is  desirable  between  the  webe,  with  a  length  of  about 
lyi  times  the  width  of  the  member. 

806.  Splices. — At  all  intermediate  joints  in  columns,  splice  ptatce  should  be 
provided  connecting  the  two  sections  (see  Fig.  268,  p.  317).  If  the  endfa  of  the  sections  are 
not  faced  BO  as  to  secure  a  good  bearing  of  one  section  on  the  other,  sufficient  splicing  material 
and  rivets  must  be  provided  to  take  the  entire  stress  at  the  point.  If  the  joint  is  properly 
faced  and  a  good  bearing  is  ensured,  only  aulBcient  splice  need  be  provided  to  take  core  of 
the  bending  moment  at  the  point  and  to  hold  the  parts  in  position.  In  case  of  a  concen- 
trically loaded  column,  the  moment  due  to  column  action  used  in  the  derivation  of  Formula 
(4)  ^ould  be  provided  for.  If  there  is  an  ext«mal  bending  moment  due  to  eccentric  loads  or 
to  tronsveise  forces,  it  should  be  added  to  the  moment  due  to  column  action. 

SOc  Caps    and   Bases. — 
The  use  of  c<dumn  caps  should  be  avoided.  r~rn  't— -■  ' 

If  ecdumns  composed  of  rolled  shapes  are 
used,  such  as  ore  shown  in  Fig.  97,  ihe 
beams  or  truasee  connecting  to  them 
diould  generally  bo  riveted  to  the  weba 
or  flanges  with  coimection  angles,  and 
not  be  set  on  top  of  a  cap  plate.  At  in- 
termediate floors  the  column  shaft  should 
never  be  interrupted,  but  the  lower  story 
column  section  should  be  run  through  the 
floor  and  be  spliced  to  the  upper  section 
jost  above  the  floor  line.  In  columns  of 
one-story  length,  column  caps  may  be 
used  provided  the  beams  or  trusses  resting  Pia.  BS. 

OD  them  are  properly  stayed. 

It  is  necessary  to  put  a  base  on  a  column  large  enough  to  distribute  the  loads  to  the  masonry 
footings  so  that  the  allowed  bearing  unit  will  not  be  exceeded.  This  may  be  built  up  entirely 
of  rolled  plates  and  shapes  (Fig.  S8a)  or  a  cast-iron  or  cast«teel  aubbase  may  be  interposed 
between  the  column  base  proper  and  the  masonry  (see  Fig.  98b).  In  esse  a  cast-iron  subbaaa 
is  used,  the  anchor  bolts  should  run  through  it  and  connect  directly  to  the  column  base  proper. 
Gusset  plat«s  coanecting  the  base  to  the  column  shaft  should  be  laige  enough  to  properly 
distribute  their  proportion  of  the  stress  to  the  base, 

81.  Combined  Steel  and  Concrete  Columns. — In  reinforced  concrete  buildinfp  it  is  some- 
times desirable  to  reduce  the  size  of  the  columns  below  that  which  would  be  required  for  a  rein- 
forced concrete  column  of  the  usual  type,  llus  may  be  done  by  using  a  steel  column  filled  in 
and  cased  in  concrete. 

Tests  made  by  Profeesora  Talbot  and  Lord  at  the  Univenaty  of  niinoia,  and  published  in 
the  University  of  Illinois  Bulletin  No.  56,  show  that  the  strength  of  the  combined  column  may 
be  calculated  on  the  sssumptioa  that  the  steel  column,  and  the  concrete  core  inside  the  eteel 
act  independently. 

The  Gray  column  (Hg.  97s)  or  some  form  of  latticed  angle  column  (Pig.  970  ia  best 
adapted  to  this  style  of  reinforcement.  The  steel  column  should  be  designed  and  detiuled  in 
allrespectssinulartoaeteel  column  without  concrete  casing.     The  concrete  core  enclosed  within 
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lince  joining  the  toes  of  the  angles,  may  be  figured  as  a  concrete  column  reinforced  with  vertical 
steel  only.  The  steel  column  should  be  enclosed  with  linht  hooping  to  prevent  the  coociete 
casing  fromclcavinglooeefrom  the  smooth  faces  of  the  steel. 


CONCRETE  COLUMNS 
Bt  W.  Stdart  Tait 

83.  ColnmD  TTpes. — Concrete  columns  are  of  five  principal  typee: 

(1)  Plain  concrete  columns  or  pieis. 

(2)  Concrete  columns  reinforced  with  vertical  bars  and  hoops  or  ties. 

(3)  Concrete  columns  reinforced  with  spimla  and  vertical  ban. 
(4}  Structural  steel  columns  encased  in  concrete. 

(5)  Emperger  columns. 

68.  Plain  Cancrete  ColunuiB  oi  Piers. — The  Joint  Committee  recommends  that  the  height 
of  a  plain  concrete  pier  or  column  be  not  allowed  to  exceed  four  tiraesjts  least  dimension.  Many 
building  codes,  however,  limit  the  height  to  six  times  the  least  dimension  of  the  pier.  Pien 
of  greater  height  must  be  suitably  reinforced.  Where  the  load  carried  by  a  pier  is  applied  in  an 
eccentric  manner  the  designer  must  apply  the  formula  for  combined  bending  and  direct  stress 
and  increase  the  section  of  the  pier  if  the  unit  pressure  on  outer  fiber  exceeds  the  allowable 
stress  (see  Sect.  1,  Art.  103). 

For  working  stress  allowed  by  the  Joint  Committee,  see  A  ppeTidix /. 

84.  ColumnB  with  Vertical  Bars  and  Ties.— llie  Joint  Coroniittee  recommends  that  all 
concrete  columns  in  which  the  length  exceeds  four  times  the  least  dimension  be  reinforced  with 
a  minimnin  of  1%  of  vertical  steel.     This    vertical  steel  must  be  supported  laterally  by 

•    column    ties    made    of    K~>r>- 

round    mild    steel    spaced 


ir~ 


^^^ 


Fia.  B0. — AnaDssii 


maximum   distuice    of   12  in. 

apart.     These  ties  serve  several 

purposes.    They  ore  wired  to 

the  column  bars,  thus  holding 

I  (^)  these  bars  in  place  while  the 

i  rwtucultr  column*.        concrete  is  being  placed.     They 

also  prevent  the  column  ban 

covering  to  spall  off. 

aimilar  to  beam  sti  rrupa  and  tend  to  prevent  column  fulure 


from  buckling  and  causing  the  ci 

The  tips  further  apt  in . 
by  shenrini!  along  a  diagonal  plane.  la  gpncral,  building  codes  may  bo  satisfied  by  usii^  K-'i. 
round  ties  !2  in.  on  centers.  In  large  columns  ot  this  kind,  however,  heavier  ties  should  be 
used.  A  simple  and  satiafactory  method  of  determining  the  size  of  tie  to  be  used  is  to  take 
0.02%  of  the  core  area  of  the  column  as  being  the  sectional  area  of  the  tie  used  in  a  hei^t 
of  12  in.  Thus,  in  a  22x22-in.  column  with  a  19X19-in.  core,  the  area  of  the  tie  would  be 
C0.0002)(361)  =•  0.072  sq.  in.  in  1  ft.  of  height,  and  ?ie-in.  round  ties  12  in.  on  centers  or  H-in. 
round  ties  8  in.  on  centers  could  be  used. 

Testa  have  shown  that  the  strength  of  a  tied  column  is  materially  reduced  by  the  use  of  a 
number  of  tics  in  the  same  column  crossinR  through  the  core.  The  most  simple  form  of  lein- 
forcemcnt  for  a  square  column  is  the  use  of  4  bars  and  1  set  of  ties  (Fig.  99a).  K  the  column 
size  is  such  that  four  1^-iii.  square  haia  do  not  provide  sufficient  stcei,  8  bais  may  be  used,  tied 
as  shown  in  Pig.  99{b).  In  rectangular  columns  it  is  sometimes  desirable  to  use  6  bars  and  Fig. 
99(c)  shows  how  they  should  be  tied.  Round  columns  may  have  any  number  of  vertical  bois 
with  one  set  of  circular  ties.  Arrangements  of  ties  similar  to  those  shown  in  Fig.  99(d)  should 
be  avoided  for  the  rea'wn  cited  above. 

Assuming  that  the  bond  is  perfect  between  the  steel  and  concret«  in  a  column,  it  follows 
that  the  deformations  of  the  concrete  and  steel  when  the  column  is  loaded  must  be  the  some. 
In  consequence,  /,  "  n/c.     The  total  load  which  a  column  will  carry,  therefore,  is  given  by  the 
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fonnula  P  -»  A^c  +  A,n/«,  or,  if  A,  is  taken  as  the  total  section  of  concrete  without  deducting 
the  steel 

P=iW«+A.(n-l)/, 

Thus,  according  to  the  Joint  Committee,*  a  20  X20-in.  column  of  1-2-4  gravel  concrete  with  four 
1-in.  round  bars,  deducting  1}^  in.  for  fireproofing,  would  safely  carry  a  load  of 

P  =  (17)  (17)  (450)  +  (4)  (0.786)  (14)  (450)  -  149,8321b. 

The  Joint  Committee  recommends  that  not  more  than  4%  of  vertical  steel  be  used 
and,  owing  to  the  doubt  as  to  the  effectiveness  of  larger  percentages  of  steel  than  this,  due  to 
lack  of  test  data,  it  is  well  to  be  governed  by  this  recommendation.  Also,  as  a  matter  of 
economy,  it  is  advisable  to  use  a  richer  mixture  of  concrete  rather  than  a  high  percentage  of  steel. 

86.  Columns  with  Vertical  Steel  and  Spiral  Reinforcement — On  accoimt  of  its  economy 
this  type  of  column  is  now  used  more  extensively  than  any  other  in  concrete  buildings.  The 
use  of  spiral  reinforcement  tends  to  prevent  lateral  or  radial  deformation  in  a  column  subjected 
to  vertical  load  and  thereby  increases  the  amount  of  vertical  stress  to  which  the  concrete  may  be 
safely  subjected,  llie  spiral  also  acts  to  prevent  failure  by  diagonal  shearing  in  a  manner 
similar  to  column  ties.  The  Joint  Committee,  therefore,  allows  55%  more  stress  on  the 
concrete  core  of  a  column  containing  1%  of  spiral  than  it  allows  on  the  concrete  core 
where  ties  are  used.  Thus  the  Joint  Committee  permits  a  stress  in  the  concrete  of  34.9 
%  of  the  28-day  strength.*  The  spiral  column  is  then  designed  in  the  same  manner  as  the 
tied  column.  A  20-in.  round  column  of  1-2-4  gravel  concrete  having  a  17-in.  core  with  1 
%  of  spiral  and  eight  ^-in.  round  bars  would  carry  a  safe  load  of 

P  =  (227)  (698)  +  (8)  (0.44)  (14)  (698)  =  192,843  lb. 

Following  upon  the  tests  and  analysis  made  by  Considdre,  most  building  codes  recognize  any 
percentage  of  spiral  between  J^  and  1M%.  The  American  Concrete  Institute  recommends 
ihat  between  ^  and  2  %  be  used.  All  these  rulings  provide  that  a  minimum  percentage  of  ver- 
tical steel  equal  to  the  spiral  must  be  used.  A  Umit  under  the  various  rulings  of  from  4  to  8  % 
is  given  as  the  maximum  amount  of  vertical  steel.  Consid^re's  formula  credits  the  spiral  as 
being  efifective  to  the  extent  of  2.4  of  its  volume  as  vertical  steel.     The  formula  is  as  follows: 

P  -  AJc+Mn-Dfc  +  (2.4n-.l)A//o 

The  American  Concrete  Institute  formula  considers  the  spiral  to  be  4  times  as  effective  as  the 
same  volume  of  vertical  steel,     llie  formula  is  as  follows: 

P  ^AJ,+  A.(n-l)/«  +  (4n-.l)A//« 

In  the  above  formula  A,'  is  the  equivalent  area  of  spiraL  Thus  A/  »  p  (the  spiral  percentage) 
X  A*. 

86.  Stractaral  Steel  Col- 
uiniis  Encased  in .  Concrete. — 
The  Joint  Committee  makes  no 
recommendation  as  to  the  design 
of  a  steel  column  encased  in  con- 
crete. The  proposed  American 
Concrete  Institute  ruling  provides  that  where  the  steel  is  designed  to  take  all  the  load  that  the 

allowable  stress  per  square  inch  shall  be  determined  by  the  formula  18,000  —  70 — ,  but  shall 

not  exceed  16,000  lb.  per  sq.  in.  In  this  formula  L  is  the  unsupported  height  and  r  the  least 
radius  of  gyration,  both  in  inches.  The  concrete  shell  b  to  be  reinforced  with  mnsh  or  hoops 
weighing  at  least  0.2  lb.  per  sq.  ft.  This  formula  gives  credit  to  the  stiffening  action  of  the  en- 
closing concrete  by  allowing  a  stress  of  16,000  lb.  per  sq.  in.,  where  in  columns  otherwise  pro- 
tected a  maximum  stress  of  14,000  is  allowed.  Figs.  100(a)  to  100(e)  show  the  most  usual 
types  of  steel  columns  encased  in  concrete.  The  4-angle  column,  Fig.  100(a),  with  latticing  is 
well  adapted  for  use  in  reinforced  concrete  buildings.     The  Gray  column,  Fig.  97(9)  is  also 

*  See  wivkincetnssefl  recommended  by  the  Joint  Committee  in  Appendix  J. 


Fig. 


0)  (kj  (d)  (€) 

100.— T3rpee  of  tted  oolnmns  enoaaed  in  ooncrete. 
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often  used.  Where,  however,  atecl  work  frames  into  these  columns  it  is  advisable  o 
of  the  connections  to  use  one  of  the  other  types.  In  the  case  of  the  Gray  column  the  mesh  or 
hoops  required  on  the  other  types  may  be  omitted  as  the  concrete  holds  itself  securely  in  place. 
Steel  columns  encased  in  concrete  are  much  moie  expensive  than  concrete  columns  and  should 
only  be  used  in  concrete  buildings  where  the  size  of  the  necessary  concrete  column  is  objection- 
able or  to  support  the  ends  of  on  important  steel  truss  or  )^rder  used  in  the  framinf;.  Where 
steel  columns  are  used  in  a  concrete  building,  suitable  angle-iron  brackets  must  be  provided  to 
carry  the  load  from  the  concrete  structure  direct  to  the  steel  column. 

67.  EmperKer  Columns. — The  Enipcrgcr  column  (Fig.  101)  consists  of  a  cast-iron  column 
surrounded  by  concrete  reinforced  both  spirally  and  vertically.  Cast  iron  would  be  used  for 
columns  to  a  far  greater  extent  but  for  the  fact  that  it  has  no  reliable  strength  in  tension  and 
therefore  must  be  designed  with  low  stresses  to  provide  against  an  eccentric  loading  producing 
tension.  The  Empergcr  column,  on  which  a  patent  has  boon  applied  for,  is  designed  to  over- 
come this  objection  and  at  the  same  time  to  furnish  a  fireproof  protection  on  the  cast  iron,  A 
number  oC  tests  have  been  made  on  these  columns  and  have  been  published.  The  U.  R.  Bureau 
of  Standards  has  proposed  the  following  formula  for  determining  the  ultimate  strength  of  this 
column 

/.  =  5300(1  -p)  +  63,000p  -  240-^ 

where  ft  is  the  average  stress  per  square  inch  on  the  area  within  the  outside  of  the  spiral, 

pis  the  percentage  of  cast  iron 
used,  and  L  and  d  the  length 
and   diameter   of    the    column 
J 'resi>ectively.     Several  building 
departments  have  made  rulings 
providing   for    the    design   of 
L  columns  of   this   type.    Tests 
I  indicate  that  safe  columns  will 
9ult  from  the  use  of  a  stress 
of  1120  lb.  per  sq.  in.  on  the 
^If         concrete  deducting  2  in.  of  fire- 
proogng,  and  11,200  lb.  on  the 
Fm.  10I.-Emf«r,er  column.  east  iron.     The  spiral  and  verti- 

cal steel  must  each  be  not  less 
than  1%  of  the  effective  area  of  the  column  but  are  not  taken  into  account  in  the  strength 
calculations.  The  concrete  used  to  fill  the  cast-iron  column  and  for  encasing  the  same  is  1-1-2. 
By  comparing  these  stresses  with  the  proposed  formula  of  the  Bureau  of  Standards  it  will  be 
found  that  a  factor  of  safety  of  about  4  is  obtained.  The  strength  of  a  20-in.  column  containing 
a  7-in.  cast-iron  core  with  metal  1  in.  thick  would  be  calculated  as  follows: 
Section  of  cast-iron  core  =  18.8  sq.  in. 

Effective  concrete  section  =  '     '     ■ 18.8  -  182.2  sq.  in. 

Safe  load   -  (1120)(182.2)  +  (11,200){1S,8)  =  415,000  lb. 

Table  I,  p.  217,  gives  the  safe  loads  for  Empergcr  columns  according  to  the  above  stresses. 
These  columns  can  be  used  with  economy  where  the  size  of  an  ordinary  type  of  concrete  column 
is  objectionable.  Designers  should  maintain  the  same  outside  diameter  of  caat-iron  core  for  as 
many  stories  as  possible  in  order  to  minimize  the  use  of  reducing  sleeves.  All  cast-iron  cores 
for  use  in  these  columns  should  be  cast  vertically.  Cast  bases  as  shown  in  Fig.  101  should  be 
used.  Suitable  bracketa  to  receive  any  beams  framing  into  those  columns  must  be  provided. 
In  some  cases  where  concrete  beams  are  used  the  brackets  may  be  omitted  as  it  is  possible  that 
sufficient  bearing  on  the  concrete  encasing  may  be  obtained.  A  minimum  thickness  of  5  in. 
for  the  encasing  concrete  should  be  maintained. 
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88.  Long  Columns. — Extensive  tests  on  long  columns  of  steel  and  cast  iron  are  on  record 
but  there  are  practically  no  test  data  on  record  covering  long  columns  of  concrete.  In  practice 
it  is  seldom  necessary  to  use  a  concrete  column  more  slender  than  >f  5  of  its  length  and  many 
rulings  allow  the  normal  stresses  to  apply  on  columns  of  this  proportion.  The  Joint  Committee 
recommends  that  the  length  be  limited  to  10  times  the  diameter  of  the  hooped  core  for  spiral 
colomns  and  for  tied  columns  to  15  times  the  least  dimension  of  the  column.  Designers  may, 
where  not  limited  by  city  rulings  to  the  contrary,  use  the  usual  unit  stresses  in  all  conv:rete 
columns  whose  least  dimension  is  not  less  than  Ks  the  unsupported  height.  Where  a  designer 
must  use  a  more  slender  column,  the  stresses  may  be  reduced  in  accordance  with  the  following 
formula  of  the  Los  Angeles  Building  Ordinance: 

fac,  =  1.6  =  H6  (-J) 

where /ac.  is  the  factor  by  which  the  ordinary  column  stress  is  to  be  multiplied  for  columns  in 

which -7   exceeds  15.'   d  =  least  dimension  of  effective  section. 

The  Chicago  Ordinance  provides  that  in  the  case  of  brick,  masonry  or  plain  concrete  piers 
exceeding  6  times  their  least  dimension  in  height,  the  following  formula  shall  be  used: 


/.=c(l.25-A) 


where  /« is  the  reduced  unit  stress  to  be  used,  C  the  normal  stress  used  for  short  piers,  and  L 
and  d  the  unsupported  length  and  least  dimension  respectively. 

89.  Lap  on  Column  Barsf. — For  convenience  in  construction,  column  bars  should  be  laid 
out  in  single  story  heights.  In  order  that  there  may  be  no  stress  at  the  lower  end  of  a  column 
bar,  there  must  be  a  sufficient  amount  of  steel  projecting  above  the  floor  from  the  column  below 
to  absorb  the  stress  from  the  upper  bars  by  bond.  For  bond,  the  Joint  Committee  allocs  a 
stress  of  4%  of  the  concrete  strength  for  plain  bars,  i.e.,  80  lb.  per  sq.  in.  The  steel  stress 
in  a  1-2-4  spirally  reinforced  column  is  (698)  (16)  =  10,470  lb.  per  sq.  in.  If,  therefore,  the  same 
number  and  size  of  bars  are  used  in  the  upper  and  lower  column,  the  lap  would  be 


lap  =  (10,470)  (^\  (ft^)   "  33  diameters 


If  more  bars  or  bars  of  a  greater  diameter  are  used  in  the  lower  column,  the  length  of  lap  may  be 
reduced.  A  minimum  lap  of  2  ft.,  however,  should  be  maintained.  Pipe  sleeve  connections 
on  column  bars  should  not  be  used  as  it  is  an  impossibility  to  obtain  a  tight  and  true  bearing 
of  the  upper  bar  upon  the  lower. 

90.  Bending  Column  Bars. — Column  bars  should  be  perfectly  straight  in  the  shaft  of  the 
column.  Where  a  change  from  one  column  diameter  to  another  occurs,  however,  the  bars 
must  be  bent.  The  bend  should  not  be  abrupt;  a  slope  of  3  in.  in  18  in.  is  a  good  maximum. 
Where  a  bend  of  more  than  3  in.  would  be  necessary,  it  is  advisable  to  use  straight  bars,  ending 
at  the  floor  line,  and  insert  straight  dowels  of  sufficient  length  in  the  desired  position. 

91.  Spiral  Spacing  Bars. — All  spirals  below  20  in.  diameter  may  be  fabricated  with  two 
spacing  bars.  Spirals  over  20  and  under  30  in.  should  have  3  spacers,  and  those  over  30  in«, 
4  spacing  bars. 

92.  Spiral  Notes. — Spirals  should  extend  to  the  underside  of  the  floor  slab  where  beam  and 
slab  construction  is  used  and  to  the  bottom  of  the  depressed  panel  in  flat  slab  construction. 
Where  the  end  of  a  length  of  wire  used  in  coiling  a  spiral  occurs,  the  wires  should  be  lapped 
half  a  turn  round  the  spiral  and  hooked  round  the  spacing  bar  and  the  ends  left  projecting  6  in. 
or  more  into  the  column. 

93.  Reinforcement  at  Base  of  Colunms. — If  the  same  mixture  of  concrete  is  used  in  the 
column  as  in  the  top  of  the  foundation,  it  will  usually  be  necessary  to  place  only  the  same 
number  of  dowel  bars  in  the  foundation  as  there  are  column  bars.  These  should  be  lapped  as 
explained  above.  Where  the  coluiiui  is  of  1-1-2  concrete  and  the  base  of  1-2-4,  an  analysis  of  a 
section  of  the  foundation  immediately  below  the  base  of  the  column  must  be  made  and  it  will 
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usually  be  found  that  it  is  necessary  to  insert  a  spiral  about  12  in.  in  the  top  of  the  foundation 
in  addition  to'  the  dowel  bars. 

94.  Provision  for  Adding  Additional  Stories. — Since  pipe  sleeves  put  on  in  the  usual  way 
cannot  prove  effective,  the  writer  believes  that,  wherever  possible,  dowels  of  structural  grade 
steel  should  be  placed  in  the  top  of  columns  which  are  designed  to  carry  additional  stories. 
These  bars  may  be  bent  down  and  protected  by  the  fill  and  roofing  and  later  straightened  up 
when  the  additional  stories  are  added.  This  can  only  be  done,  however,  with  satisfaction  in  the 
case  of  small  bars.  For  bars  over  ^  in.,  pipe  sleeves  should  be  used.  The  column  bars  should 
project  6  in.  above  the  original  construction.  The  pipe  sleeves  may  be  placed  when  the  exten- 
sion is  erected  and  should  be  large  enough  to  leave  at  least  ^  in.  of  space  around  the  bar.  The 
new  column  bars  should  be  placed  in  the  sleeves  (about  12  in.  long)  and  the  space  poured  in  with 
lead. 

96.  Columns  Supporting  Long-span  Beams. — Few  if  any  building  codes  make  provision 
for  the  fixed  end  condition  existing  at  the  junction  of  a  concrete  beam  and  column.  When  the 
present  codes  were  formulated,  the  use  of  long-span  beams  in  concrete  was  unusual.  Concrete 
beams  are  now  frequently  used,  however,  having  spans  of  over  35  ft.  Where  such  beams  are 
supported  on  brick  walls,  their  treatment  as  simple  beams  is  entirely  satisfactory.  Where  these 
beams  are  supported  on  concrete  columns,  designers  should  always  investigate  the  bending 
moments  occurring  at  the  connection  between  the  beam  and  column.  For  spans  up  to  about 
30  ft.  this  is  usually  unnecessary,  but  in  spans  of  over  35  ft.  it  is  essential.  In  recent  years  the 
analytical  process  for  determining  these  moments,  known  as  the  Slope-Deflection  Method, 
has  been  worked  up.  In  the  Concrete  Engineers'  Handbook  by  Hool  and  Johnson,  Sect.  10, 
this  method  of  analysis  is  treated. 

On  account  of  the  restrictions  imposed  by  existing  building  codes,  designers  may  not  take 
proper  advantage  of  this  method  of  analysis.     For  instance,  most  codes  provide  that  single 

wl* 
span  beams  shall  be  designed  for  a  moment  of  -^,  no  matter  what  end  conditions  exist.     The 

designer  must  therefore  use  this  moment  at  the  center  of  the  beam  but  must  also  (even  though 
the  code  may  not  require  it)  provide  for  a  bending  moment  in  the  colmnn  as  determined  by  the 
Slope-Deflection  Method. 

Most  structures  of  this  class  are  only  one  story  in  height,  the  long-span  beams  supporting 
roof  loads  only.  In  this  case  the  writer's  investigations  indicate  that  a  satisfactory  structure 
will  result  if  square  exterior  columns,  about  Ks  of  the  beam  span  in  size,  are  used.     This  is, 

of  course,  based  on  the  use  of  a  moment  of  -^  at  the  center  of  the  beam  and  upon  proper  pro- 
vision being  made  for  the  negative  moment  occurring  at  the  supports. 

96.  Spiral  Tables. — Tables  5  to  10  inclusive  give  the  weights  and  equivalent  areas  of  spirals 
for  rods  from  ^  to  ^e  ii^-  diameter  varying  by  sixteenths.  The  weights  are  given  in  light  tjrpe 
and  the  equivalent  areas  in  dark  type.  The  weights  given  do  not  include  the  weight  of  mechan- 
ical spacing  bars  as  the  various  manufacturers  have  different  standards.  For  estimating  pur- 
poses it  is  safe  to  figure  2  lb.  per  lin.  ft.  of  spiral  to  cover  the  spacers.  There  will  be  found  upon 
these  tables  zigzag  lines  marked  K%v  !%•,  etc.  The  spiral  immediately  above  or 
to  the  right  of  these  lines  is  the  size  of  commercial  spiral  nearest  to  these  percentages.  The 
equivalent  areas  referred  to  above  are  the  cross  sections  of  cylinders  having  a  volimie  equal  to 
the  voliune  of  the  spiral  hooping.  To  obtain  the  percentage  of  spiral  in  a  column  containing 
a  given  spiral  it  is  necessary  to  read  from  the  table  the  dark  figure  opposite  the  size  of  spiral  and 
divide  this  figure  by  the  area  of  the  column  core.     Thus,  if  we  have  a  Ke-"^-  spiral,  2-in.  pitch, 

25-in.  diameter,  the  equivalent  area  =  5.90  sq.  in.  and  the  percentage  =       aqo  g —  **  1-2% 

If  the  sise  of  spiral  shown  to  the  right  or  above  the  sisiag  line  for  a  given  percentage  does  not  comply  with  the 
code  requirements  as  to  pitch,  a  satisfactory  spiral  may  be  f oimd  from  these  tables  by  picking  out  one  of  the  same 
diameter  but  with  another  size  of  rod  having  the  same  weight  per  linear  foot.  Thus,  for  l^i  per  cent,  spiral  on 
a  19-in.  core,  it  is  found  that  a  Ke-in.  rod  at  2}i'in.  pitch  would  give  the  necessary  area.  The  weight  is  14.3 
lb.  per  sq.  ft.  Now  a  ^^-in.  spiral,  19  in.  diameter,  at  1^^-in.  pitch,  weighs  13.8  lb.  and  at  iH-iu-  pitch  weighs  14.9 
lb.  A  H-in>  spiral,  19  in.  diameter,  and  iMe-in*  pitch  would  therefore  give  the  same  weight  per  foot. 


Sec  2-97]  STRUCTURAL  MEMBERS  AND  CONNECTIONS  215 

OT.  Column  Graphs. — Diagram  1  is  a  graph  of  the  proposed  column  design  stresses  of  the 
American  Concrete  Institute.  Both  spirally  reinforced  and  tied  column  stresses  are  given. 
lines  are  shown  on  the  graph  for  )^,  1,  IJ^,  and  2  %  of  spiral  used  with  1-1-2,  l-lJ^-3  and 
1-2-4  concrete.  The  designer  may  interpolate  between  these  lines  for  other  percentages  of 
spiral  It  will  be  found  that  on  each  of  the  lines  referred  to  is  designated  the  mixture  of  con- 
crete and  percentage  of  spiral  on  which  each  line  applies. 

Diagram  2  is  a  graph  of  the  Joint  Committee  column  stresses.  Under  this  code  recognition 
only  is  given  to  1  %  of  spiral,  otherwise  the  same  notes  as  above  apply. 

Table  11  gives  the  areas  of  circles  and  is  convenient  in  designing  spiral  columns  with  the 
graphs  referred  to  above. 

mnstrmtire  Problem. — Design  a  eolumn  for  a  load  of  700.000  lb. 

The  most  economical  column  to  cany  a  given  load  is  probably  a  spiral  column  containing  ^i  %  each 
of  8|nra\  and  vertical  steel,  using  1-1-2  concrete.  Such  a  column  would,  however,  be  almost  1.3  as  great  in  diam- 
eter  as   one  -  containing  2  %  of  both  spiral  and  vertical,  and  for  a  minimum  for  this  load  it  would  be  better 

policy  to  use  moderately  high  percentages  of  steeL     Using  a  24-in.  core  which  has  an  area  of  452.4  sq.  in.  gives  an 

700  000 
average  oon^  stress  of    a^'oa     "  1^^  ^^-  P^i"  bQ*  i°-     Reading  from  Diagram  1  this  stress  would  require  with 

1-1-2  concrete  and  IK  %  of  spiral.  3.2  %  of  vertical  steeL  Thb  is  too  high  a  percentage  of  vertical  steel  for  reas- 
onable economy  and  it  would  be  wise  to  use  IK  %  of  spiral.  By  interpolation  it  is  found  that  2.2  %  of  vertical 
would  be  required. 

This  result  may  now  be  checked  by  computation.     The  core  stress  «  /«  +  (n  —  l)/ep  +  (4n  —  l)f«r^ 

-  760  +  (n)(760)(?^)  +  (47)(7S0)(|^») 
«-  1548.3  lb.  per  sq.  in. 
whic^  ehecks  the  value  1550  lb.  very  closely. 

Now   the    equivalent  area   of  1^%   of  spiral  on  a  24-in.  core   —  ^r^)  (452.4)  —  7.0sq.  in.     Referring 

to  Table  0  it  is  found  that  a  H^>  spiral,  l%-\n.  pitch,  gives  this  area  on  a  24-in.  core. 

(2  2  \ 
j^j  (452.4)    -   0.95    sq.    in.     Referring    to    Table    4  it  is  found  that 

thirteen  H-iu*  square  bars  —  9.95  sq.  in. 

The  column  then  would  be  28  in.  in  diameter,  of  1-1-2  concrete,  containing  a  >^-in.  spiral,  at  1^-in.  pitch 
24  in.  diameter,  and  thirteen  yi-in.  square  bars. 

98.  Plotting  Column  Graphs. — The  best  paper  to  use  for  plotting  column  graphs  has  20 
divisions  to  the  inch  in  each  direction.  This  can  be  obtained  with  green  lines  on  heavy  paper 
or  with  orange-red  lines  on  transparent  paper  for  blue  printing. 

After  making  some  preliminary  figures  to  obtain  the  range  of  stress  to  be  covered  in  the  graph.  lay  o£f  on  one 
side  of  the  sheet  the  core  stresses  and  on  one  edge  the  various  percentages  of  vertical  steel.  Now  plot  two  of  the 
lines  shown  on  Diagram  1.  Fbst  take  1-2-4  concrete  with  ties.  The  A.C.I,  allows  25%  of  the  28-day 
strength  for  concrete  cdumns.  so  with  gravel  concrete  we  have  25%  of  2(X)0  -  500  lb.  per' sq.  in.  With  H 
%  of  vertical  steel  the  average 

core  stress  —  /#  +  («  —  Dvfe 

-  500  +  (14)  (2^)  (500)  -  535  lb.  per  sq.  in. 
With  4  %  of  vertical  steel,  we  have 

core  stress  -  500  +  d^jCjIo)  (^00)  -  780  lb.  per  sq.  in. 

With  these  two  values  the  line  for  1-2-4  concrete  with  ties  may  be  plotted. 

For  spirally  reinforced  columns  the  AC.  I.  also  allows  25%  of  the  28-day  strength  for  the  concrete 
and  the  vpinX  is  considered  equivalent  to  4  times  its  volume  of  vertical  steel.     Hence  the 

core  stress  —  /«  +  (»—  l)B/e  +  (4n  —  l)p7e 

For  H  %  VpanX,  K  %  vertical  and  1-2-4  concrete,  we  have 

core  stress  -  500  -|-  (14)  (^)  (500)  +  (59)  (^)  (500)  -  682  lb.  per  sq.  in. 
For  H  %  spiral.  A%  vertical  and  1-2-4  concrete, 

core  stress  -  500  +  (14)  (-^)  (500)  +  (SO)  (^)  (500)  -  928  lb.  per  sq.  in. 

With  these  two  values  the  Une  for  1-2-4  concrete  with  H  %  spiral  may  be  plotted. 

Many  column  codes  allow  the  spiral  only  to  be  considered  as  c5ective  to  the  extent  of  2.4  times  its  volume  of 
vertical  steeL     The  formula  would  then  become 

core  stress  »  /•-!-(»  —  !)»/«  +  (2.4n  -  l)p7« 
In  this  formula,  unity  is  deducted  from  n  since  a  unit  volume  of  vertical  steel  displaces  a  unit  volume  of  concrete. 
Similarly  for  the  spiral  steel.     In  this  case,  however,  n  must  first  be  multiplied  by  the  factor  designating  the  effi- 
eieney  of  the  spiral  steel  as  compared  with  the  vertical. 
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Table  5 


Areas  and  Wkiohts  op  J-^-in. 

WiRK   SPIRALA 

Areas  of  Equivalent  Cylinders  in  Square  inches  Given  in  Heavy  Figures 

Weights  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  Light  Figures 

Core  diam.  (inches) 

Pitch  of  Spiral  m  Inches 

1^8" 

1 

3" 

2Tg" 

2?4" 

1 

1 

2*8"     2>3" 

1                      I 

2H" 

2Vi" 

ill  ' " 

2" 

IH" 

IH" 

iH" 

10 

0 .616  0 .667  0 .661  0 .666,0 .618  0 .661  0 .666  0 .716  0 .771 

1 

0.8140.6810.960    1.03 

n 

1.75 
0.666 

1.83    1.91  ,2.00 

2.10 

2.21    2.33  ,2.47 
0.716  0.764  0.798 

2.62 

2.80 

3.00  J3.23 
0.971,1.04 

3.50 
1.13 

0.6910.616  0.6460.679 

0.648 

0.906 

12 

1.92    2.01    2.10    2.20  ]2.31 
0.617  0.646  0.674  0.706'o. 741 

2.43    2.56    2.72 
0.7810.813  0.871 

2.88 
0.916 

3.08 
0.987 

3.30 

3.66 
1.14 

3.86 
l.U 

1.06 

13 

2.10 

2.19    2.29    2.40 

2.52 
0  603 

2.65    2.80    2.96 
0 .646  0 .891  0 .944 

3.16 
1.00 

3.36 
1.07 

3.60 
1.16 

3.88 

4.19 
l.U 

0.668|0.699  0.730  0.764 

l.U 

14 

2.27 

2  38    2.48    2.60 
0.7610.786  0.813 

2.73 
0.866 

2.88  |3.03  ,3.21 
0.911,0.9611.01 

3.41 
1.08 

3.64 
1.16 

3.90 
l.U 

4.20 
l.U 

4.64 

0.710 

1.44^^^ 

2.45 

2.56    2.67    2.80 

2.94 

3.10 

3.26 

3.40 

3.67 

3.92 

4.20 

4.62 

4.90 

15 

0  771 

0.607  0.843  0.881 

0.916 

0.976 

1.03 

1.09 

1.16 

l.U 

1.31 

1.41 

1.64 

16 

2.62 
0  613 

2.74    2.87  |3.00 

3    15 

3.32 
1.04 

3.60    3.71 
1.10    1.16 

3.94 
1.13 

4.20 
1.31 

4.60 
1.41 

4.86 
1.61 

6.24 
1.64 

0 .660  0 .898  0  940 

0  967 

17 

2.80 

2.92  .3.05    3.20 

3.36 

3  54 

3.73    3.95 

4.20 
1.31 

4.48 
1.40 

4.80 
1.60 

6.17 
1.61 

6.60 
1.74 

0.674  0.6130.964  1.00 

1.06  , 

1.11 

1.17    l.U 

18 

2.97  J3.10  ;3.24  13.40 
0.9160.9661.01    1.06 

3.56  ,3.75 

3  96 

4.19 

4.46 
1.39 

4.76 
1.46 

5.10 
1.69 

6.49 
1.71 

6.94 
1.66 

1.11    1.17 

114 

1.31 

19 

3  15 
0  918 

3.29 
1.01 

3.44  |3.60 
1.07    1.11 

3.78 
1  17 

3.98    4.20 
1.14    1.30 

4.45 

4.73 
1.46 

5.06 
1.66 

5.40 
1.67 

6.82 
1.60 

6.28 
1.96 

1.36 

20 

3.32 
1.06 

3.47 
1.07 

3.62 
1.18 

3.80 
1.17 

3.98 
1.13 

4.20    4.43 
1.30    1.37 

4.69 
1.46 

4.98 

6.32 
1.64 

5.70 
1.76 

6.14 
1.90 

6.64 
1.06 

1.64 

3.50 

3.65 

3.82 

4.00 

4.20 

4.42    4.66 

4.93 

5.25 

5.60 

6.00 

6.46 

7.00 

21 

1  08 

1.13 

1.18 

1.13 

1.30 

1.37    1.44 

1.63 

1.61 

1.73 

1.66 

1.99 

1.16 

22 

3.67 
1  16 

3.84 
1.18 

4.01 
1.13 

4.20 
1.19 

4.40 
1  36 

4.64 
1.43 

4.90 
1.61 

5.18 
1.69 

5.51 
1.70 

5.88 

6.30 
1.94 

6.78 
1.09 

7.34 
1.17 

1.81 

23 

3.85 

4.02 

4.20 
1.19 

4.40 
1.36 

4.62 
1.41 

4.86 
1.49 

5.13 
1.68 

5.43 
1.67 

5.77 
1.77 

6.16 
1.69 

6.60 

7.11 
1.18 

7.70 
1.37 

1 18  ;i.i3 

1.03 

4.02  ,4.20 

4.38 

4.60 

4.83' 

5.08 

5.36 

5.67 

6.03 

6.44 

6.90 

7.43 

8.06 

24 

1.14    l.M 

1.36 

1.41 

1.46 

1.66 

1.66 

1.74 

1.86 

1.97 

l.U 

l.U 

1.47 

25 

4.20    4.38 
1.19    1.64 

4.57 
1.40 

4.80 
1.47 

5.04 
1.64 

5.30 
1.63 

5.60 
1.71 

5.92 
1.81 

6.30 
1.93 

6.72 
1.06 

7.20 
1.10 

7.76 

8.40 
1.67 

1.37 

4.37    4.67 

4.78 

5.00 

5.25 

5.53 

5.83 

6.17 

6.66 

7.09 

7.60 

8.07 

8.76 

26 

1.34  !l.40 

1.46 

1.63 

1.61 

1.69 

1.78 

1.89 

1.00 

1.14 

1.19 

1.47 

1.67 

27 

4  55    4.75 
1.39    1.46 

4.96 
1.61 

5 .20 
1.69 

5.46 
1.67 

5.75 
1.76 

6.06 
1.86 

6.42 
1.96 

6.82 
1.08 

7.28 
lU 

7.80 
1.38 

8.39 
1.66 

9.10 

1.76*^- 

4.72 

4.94 

5.15 

5.40 

5.67 

5.96    6.30 

6.66 

7.08 

7.66 

8.10 

8.72 

9.45 

28 

1.44 

1.60 

1.67 

1.64 

1  73 

1.81    1.91 

1.03 

1.16 

1.30 

1.47 

1.66 

l.U 

4 

4.90 

5.11 

5.34 

5.60 

5.88    6.19 

6. 53 

6.91 

7.34    7.84 

8.40 

9.04 

9.80 

29 

1.49 

1.66 

1  63 

1.70 

1.79    1.89 

1.99 

1.11 

1  14  |1  36 

1  66 

1.76 

1.96 

• 

5.07    5.30 

5.53 

5.80 

6.09    6.41 

6.77 

7.16 

7  60 
squal  t 

8.12.1 

i 

8.70    9.36 

10.15 

Spirak  above  aud  to  r 

ight  of  xigxag  lines  are  nca 

rest  commercial  Hiz< 

3  fully  < 

opercc 

mtage  of  core  area  indi- 

cated  at  end  of  line. 

Weights  in  above  tabl 

e  include  the  wire  only.     To  this  must  be  added  the 

weights  of  til 

e  spacing  bars  and  the 

weisht  of  extra  turn  at  en 

ds  of  spiral. 
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Tabi:e  6 


Core  diam.  Qnohes) 


Arbab  and  Wbiohts  or  Ht-u(*  Wirk  Spirals 

Areas  of  Eqiiivalent  Cylinders  in  Square  Inchee  Given  in  Heavy  Figures 

Weiffhts  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  Light  Figures 

Pitch  of  Spiral  in  Inchee 


3" 


2H" 


2H" 


2H' 


2H" 


2H" 


2H' 


2H' 


IH' 


\H" 


IH' 


IH' 


10 

11 

12 
13 

14 

15 
10 
17 
18 
19 

20 
21 
22 
23 
24 

26 
26 
27 
28 
20 

30 
31 
32 
33 
34 


0.80S 

2  73 


0.8S8 

2.86 


884 

01 
9W 

28 
04 
55 
It 

83 


1.10 

4.10 

i.st 

4.38 
1.87 
65 

a 

03 
88 


5,20 

1.61 

5.47 


1.69 
5.74 
1.77 
6.02 
1.8i 
6.20 
1.98 
6.56 

2.01 
6.83 
2.09 
7.11 
t.17 
7.38 
8.86 
7.66 
8.88 
7.93 

8.41 
8.21 
2.49 
8.48 
8.67 
8.76 
8.66 
9.03 
8. 78 
9.30 


0 

3.14 
1.01 
3.43 
1.09 
3.72 
1.17 
4.00 

1  88 

4.20 
1.84 

4.57 

i.a 

4.86 
1.61 
5.14 
1.69 
5.43 


8.09 
7.14 
8.18 
7.43 
8.86 
7.72 
2.86 
8.00 
8.48 
8.29 

8.68 

8.58 
8.60 
8.86 
2.68 
9.15 
8.77 
9.44 
2.86 
9.72 


0.876 

2.98 

0.9U 

3.28 


1.06 
3.58 
1.14 
3.88 
l.U 
4.18 

1.81 
4.48 
1.40 
4.78 
1.49 
5.08 
1.68 
5.37 
l.W 
5.68 

1.76 
5.97 
1.84 
6.27 
1.98 
6  57 


2.08 

6.87 
8.10 
7.17 

8.19 
7.46 
8.88 
7.77 
8.87 
8.06 
8.46 
8.36 
8.64 
8.66 

8.U 

8.96 
8.78 
9.26 
8.81 
9.56 
8.89 
9.86 
8.98 
10.2 


0.918 
3.13 
1.01 
3.44 


1.10 

3.75 
1.19 
4.06 
l.U 

4.38 

1.88 

4.69 
1,47 
5.01 
1.66 
5.32 
l.W 
5.63 
1.74 
5.94 

1.88 

6.26 
1  98 

6.56 
8.08 
6.88 
8.11 

7.19 


8.80 

7.51 

8.89 

7.82 
8.88 
8.13 
8.48 

8.45 
8  67 

8.75 
8.66 

9.08 

8.76 
9.39 
8.84 

9.70 

8.94 
10.0 

8.08 
10.3 

8.18 
10.6 


0.964 
3.28 
1.06 

3.61 

1.16 

3.93 


1.86 

4.27 
1.86 

4.60 

1.46 
4.93 
1.64 
5.26 
1.64 
5.58 
1.78 
5.91 
1.88 
6.24 

1.98 

6.57 
8.08 
6.89 
8.18 
7.22 
2.88 
7.55 

8.81 

7.88 


8.41 
8.21 
8.61 

.8.54 
8.60 
8.87 
8.60 
9.20 
8.80 
9.53 

8.89 

9.86 
8.99 

10.2 
8.08 

10.5 
8.18 

10.8 
8.88 

11.2 


1.01 

3.46 

1.18 

3.80 

1.8 

4.15 

1.81 

4  50 


1.48 

4.84 

1.68 

5.19 
1.68 
5.53 
1.78 
5.88 
1.88 
6.22 
1.98 
6.57 

8.08 
6.91 
8  18 
7.26 
8.88 
7.61 
8.88 
7.95 
8.48 
8.30 

8.64 

8.65 
8.64 

9.00 


8.74 
9.35 
8.84 
9.69 
8.94 
10.0 

8.04 
10.4 

8.14 
10.7 

8.86 
11.1 

8.86 
11.4 

8.46 
11.8 


n% 
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Table  7 

■ 

Abxas  and  Wbights  of  H-in-  Wibb  Spirals 

- 

Areas  of  Equivalent  CyUnders  in  Square  Inches  Given  in  Heavy  Figures 

Wdghts  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  Light  Figures 

Core  diam.  Onohes) 

Pitch  of  Spiral  in  Inches 

3" 

2H" 

2H" 

2H" 

2H" 

2H" 

2H" 

2H" 

2" 

IH" 

IH" 

IH" 

IH" 

16 

1.74    1.81 

1.89 

1.98 

1.08 

1.19 

1.81 

1.46 

1.60 

1.78 

1.97 

8.11 

8.47 

16 

6.91 
1.8f 

6.16 

6.44 
1.01 

6.73 
l.U 

7.18 

in 

7.46 
1.84 

7.87 
1.47 

8.32 
1.61 

8.86 
1.78 

9.46 

10.1 
8.17 

10.9 
8.41 

11.8 
8.70 

1.98 

1.96 

-      17 

6.30 
1.97 

6.67 
1.08 

6.87 

7.18 

7.66 
1.86 

7.96 
1.48 

8.39 
1.61 

8.88 
1.78 

9.44 
1.96 

10.1 
8.16 

10.8 

11.6 
8.68 

12.6 
8  94 

1.14 

l.U 

8.87 

18 

6  69 
2  06 

6  98 
1.17 

7.30 
1.17 

7  63 
1.88 

8.02 

8  46 
1.64 

8.92 
1.78 

9.44 
1.94 

10.0 
8.11 

10.7 
8.88 

11.6 
8.67 

12.3 
8.84 

13.4 
4.16 

1.60 

10 

7.08 
2.10 

7.39 
1.19 

7.73 
1.40 

80  8 
1.61 

8.60 
1.64 

8.94 

9.44 
1.98 

10.0 
8.10 

10.6 
8.80 

11.3 
8.61 

12.1 
8.77 

13.1 

14.2 
4.40 

1.78 

4.06 

20 

7.48 
l.Sl 

7.81 
1.41 

8.16 
1.61 

8.63 
1.64 

8.97 
1.78 

9.46 
l.M 

9.97 

10.6 

11.2 
8.47 

12.0 
8.70 

12.8 
8.97 

18.8 
4.17 

14.9 

8.09 

8.17 

4.68 

21 

7.87 
1.48 

8.21 
1.68 

8.69 
l.W 

8.98 
1.78 

9.44 
1.91 

9.94 
8.07 

10.6 
8.84 

11.1 

11.8 
1.67 

12.6 
8.89 

13.6 
4.16 

14.6 
4.49 

16.7 
4.86 

8.48 

8.26 

8.62 

9.02 

9.43 

9.92 

10.4 

11.0 

11.6 

12.4 

13.2 

14.2 

16.2 

16.5 

22 

1.66 

1  W 

1  77 

1.91 

8.06 

8.11 

8.89 

8.69 

8.81 

4.07 

4.86 

4.70 

6.09 

23 

8.66 
1.66 

9  04 
1  78 

9.46 
1.90 

9.88 
8.04 

10.4 
8.19 

10.9 
8.86 

11.5 
8.66 

12.2 
8.76 

13.0 

13  8 
4.26 

14.8 
4.66 

16.0 
4  91 

17.3 
6.81 

8.99 

24 

9.06 
1.78 

9.46 
1.90 

9.88 
8.08 

10.3 
8.17 

10.9 
8.88 

11.4 
-8.61 

12.1 
8.70 

12.8 
8.91 

13.6 
4.17 

14.6 

16.6 
4.76 

16.7 
6.11 

18.1 
6.66 

4.44 

9.46 

9.86 

10.3 

10.8 

11.3 

11.9 

12,6 

13.3 

14.2 

16.1 

16.2 

17.4 

18.9 

26 

1.89 

8.01 

8.18 

8.80 

8.47 

8.66 

8.86 

4.06 

4.84 

16.71 

4.98 

6.84 

6.79 

26 

9.84 
3  01 

10.3 
8.14 

10.7 
8  U 

11  2 
8  U 

11.8 
8  61 

12.4 
8.80 

13.1 
4.01 

13.9 
4.16 

14.7 
4.61 

16.9 

18.2 
6.66 

19.7 
6.08 

4.81 

6.16 

10.2 

10.7 

11.2 

11.7 

12.3 

12.9 

13.6 

14.4 

16.4 

16.4 

17.6 

18.9 

20.4 

27 

3.11 

8.16 

8.41 

8.57 

8  76 

8.96 

4.17 

4  41 

4.69 

6  00 

6  86 

6  76 

6.16 

28 

10.6 
3.14 

11.1 
8.88 

11.6 
8.68 

12.1 
8.70 

12.7 
8  89 

13.4 
4.09 

14.2 
4.81 

16.0 
4.67 

16.9 
4.86 

17.0 
6.19 

18.2 
6.66 

19.6 

21.2 
6.48 

6.98 

11.0 

11.6 

12.0 

12.6 

13.2 

13.9 

14.7 

16.5 

16.6 

17.6 

18.9 

20  4 

22.0 

20 

8.86 

8.80 

8.66 

8.84 

4.08 

4.84 

4.47 

4.74 

6.04 

6.87 

6.76 

6.10 

6.71 

30 

11.4 
8.47 

11.9 
8.61 

12.6 
8.79 

13.0 
8.97 

13.7 
4  17 

14.4 
4.89 

16.2 
4.U 

16.1 
4.90 

17.1 
6.11 

18.3 
6.66 

19.6 
6.96 

21.1 
6.41 

^'^1% 

6.94 

11.8 

12.3 

12.9 

13.6 

14.2 

14.9 

16.7 

16.6 

17.7 

18.9 

20.2 

21.8 

23.6 

31 

8.89 

8.74 

8  91 

4.10 

4.31 

4.68 

4.78 

6.06 

6.89 

6.74 

6.16 

6.61 

7.18 

12  2 

12.7 

13.3 

13.9 

14.6 

16.4 

16.3 

16.2 

18.3 

19.6 

20.9 

22.6 

24  A 

32 

8.70 

8.86 

4.04 

4.28 

4.44 

4.68 

4.94 

6.88 

6.66 

6.98 

6.86 

6.84 

7.41 

12.6 

13.1 

13.7 

14.4 

16.1 

16.9 

16.8 

17.8 

18.9 

20.1 

21.6 

23.3 

26.2 

33 

8.81 

8.98 

4.17 

4.86 

4.69 

4.81 

6.09 

6.89 

6.78 

6.11 

6.66 

7.06 

7.64 

13.0 

13.6 

14.2 

14.8 

16.6 

16.4 

17.3 

18.3 

19.6 

20.8 

22.3 

24.0 

26  0 

34 

8.94 

4  11 

4.19 

4.80 

4.71 

4.97 

6.M 

6.66 

6.91 

6.80 

6.76 

7.17 

7.87 

13.4 

14.0 

14.6 

16.3 

16.1 

16.9 

17.8 

18.9 

20.1 

21.4 

23.0 

24.7 

26.8 

36 

4.08 

4.88 

4.41 

4.68 

4.86 

6  U 

6.40 

8.71 

6.08 

6  48 

6.96 

7.48 

8.10 

13  8 

14.4 

16  0 

16.7 

16.6 

17.4 

18.4 

19.4 

20.7 

22.0 

23.6 

26.4 

27.6 

36 

4.18 

4.84 

4.64 

4.76 

6.00 

6.86 

6.66 

6.88 

6.M 

6.66 

7.14 

7.69 

8.88 

14.2 

14.8 

16.4 

16.2 

17.0 

17.9 

18.9 

20.0 

21.3 

22.7 

24.3 

26.2 

28.3 

37 

4.28 

4.47 

4.67 

4.89 

6.14 

6.41 

6.71 

6.06 

6.48 

6.86 

7.84 

7.91 

8.66 

14.6 

16.2 

16.9 

16.6 

17.6 

18.4 

19.4 

20.6 

21.9 

23.3 

25  0 

26  9 

29.1 

38 

4.40 

4.89 

4.80 

6.08 

6  18 

6.66 

6.87 

6.81 

6.60 

7.04 

7.64 

8  11 

8.79 

16.0 

16.6 

16.3 

17.1 

18.0 

18  9 

19  9 

21.1 

22  4 

23.9 

26.6 

27  6 

20.9 

39 

4.11 

4.71 

4.9f 

6.16 

6.41 

6  70 

6.01 

6.87 

6  77 

7  11 

7.74 

8  38 

9.08 

16.4 

16.0 

16.7 

17.6 

18.4 

19  4 

20  6 

21.6 

23.0 

24.6 

26.3 

28.3 

30.7 
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Table  8 


15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 


Areah  and  Weights  of  "H^-in.   Wire  Spirals 
Areas  of  Equivalent  Cylinders  in  Square  Inches  Given  in  Heavy  Figures 
Weinhta  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  Light  Figures 


Pitcli  of  Spiral  in  Inches 


2K"  ,  2H"   !2?8"  ,  2H"  I  2H"  ,  2Vi"  ,  2H"      2"  ,  IH"    IH" 


a  86 

a  47 

8  03 

8.38 

2  61 

a  63 

8.56 

8  94 

a  68 

a  80 

9  10 

9.50 

a  83 

a  96 

9.64 

10.1 

a  99 

3  la 

10.2 

10.6 

3  15 

3.88 

10.7 

11  2 

3.30 

3  46 

11.2 

11  7 

3  48 

3.68 

11.8 

12  3 

8  68 

3.78 

12  3 

12  9 

8  78 

3  94 

12.8 

13.4 

3.93 

4.11 

13.4 

14  0 

4.09 

4  88 

13.9 

14.6 

4  as 

4.U 

14.4 

15.1 

4  41 

4.60 

15.0 

16.6 

4.67 

4.76 

15.5 

16.2 

4  7a 

4.98 

16.0 

16  8 

4  88 

6.09 

16  6 

17  3 

6  04 

6  86 

17.1 

17.9 

6  19 

6  43 

17.7 

18.4 

6  36 

6.68 

18.2 

19.0 

6.61 

6.75 

18.7 

19.5 

6.66 

6.91 

19.3 

20.1 

6  88 

6.08 

19.8 

20.7 

6.98 

6.84 

20  4 

21.2 

6  IS 

6.40 

20.9 

21.8 

a 

8 

a 

9 

a 

9 

3 

10 

3 

11 

3 

11 
3 

12 
3 

IH. 

3 

13 

4 
14 


J 

.70 
76 
.35 
98 
.93 
09 
6 
86 
.1 

44 

.7 
61 
3 

78 

_8 

96 

4 

la 

0 


m" 


I  hi 


f* 


4 
14 

4 
15 

4 
15 

4 
16 

4 
16 

6 

17 

6 
18 

6 
18 

6 
19 

6 
19 

6 
20 

6 
21 

6 
21 

6 
22 

6 
22 


.88 

6 
47 
.2 
64 
.8 
81 
4 

.99 
.9 

.16 
.5 

88 

1 

60 
.7 

67 
.3 
.84 
.9 

.08 

.4 

.18 

.0 

.35 

.6 

6a 

.2 
.69 

.8 


9 


.70 

21 


a 

9 

8 
10 

3 
11 

3 
11 

3 

12 
3 

12 

3 

13 

4 
14 


88 

.80 

.06 

4 

.84 
0 

.48 
.6 

.60 

2 
78 
.8 
.96|  4 

.6  |l4 
14!  4 

.1  Ii4 


a 

9 

8 
10 


84 

.65 

08 

3 


3 

10 

3 

11 

3 

12 

3 

12 

3 

13 


4 

14 

4 

15 

4. 
15 

4 
16 

6 
17 

6 
17 

5 

18 
6 

19 
5 

19 
5 

20 

6 
20 

6 
21 

6 
22 

6 
22 

6 
23 

7 
23 


4 
15 


8a 

7 

60 

3 

68 

9 
86 
5  17 
04l  6 


aa 

9 
40 
.6 
.69 

.2 

78 
.8 

97 

5 

16 
.1 
.35 
.8 
"84 
.4 


a 

88 

10 

1 

3 

18 

10 

8 

3 

38 

11 

5 

3 

68 

12 

2 

3 

78 

12 

.8 

8  16 

10  7 
3  86 

11  .4 
3  67 

12  1 

8  78 

12.9 


4 
16 

4 
16 

5 


3 
13 

4 
14 

4 
14 

4 
15 

4 
16 


731  4 

10 


1 

aa 

7 

40 

3 

58 

0 
76 
6 
94 

2 
18 

8 

30 

4 

48 

0 
66 
6 
84 

3 
02 

.9 


18 
5 

18 

5 

19 
6 

19 
6 

20 

6 
21 

6 
21 

6 

22 
6 

23 
6 

23 
7 

24 
7 

25 


981  5 

.7  !l7 
.llj  5 
3  ,18 
89!  5 
0  'l8 
.481  6 
.6  19 

.67 

.3  120 


.86 

9 

06 
6 

.24 
.2 
43 
.9 

62 

5  123 


80 

1 

99 

8 
18 
4 
87 

1 


6 

20 
8 

21 
6 

22 
6 

23 


7 

24 
7 

25 
7 

25 

7 
26 


.98 
.5 
.18 
2 

38 
9 

.68 
.6 
78 
.2 

88 

18 
6 
38 
3 
67 
.9 
.77 
.6 

.97 

.3 

17 
.9 
.87 

0 

.67 
.3 
.77 
.0 

.97 

.7 
.17 
.4 
87 
0 

.67 
.7 
.77 
4 


3.99 

13.6 


4 
14 

4 
15 

4 
15 

4 
16 

6 
17 

6 

17 

6 
18 


20 

3 

41 

0 

62 

7 

83 

4 

04 

1 

85 

9 

4€ 

6 


6 

19 

5 

20 

8 
20 

8 
21 

6 
22 

6 
22 

6 
23 

7 
24 

7 
25 

7 
25 

7 
26 

7 
27 

8 
27 


3  341 

11  3 
3  66 

12  1 
3  78 

12  8 
8  99 

13  6 

4  aa 

14.3 


3 
12 


64 

0 


3 

12 
4 

13 
4 

14 
4 

15 


4 
15 

4 
15 

4 
16 

6 
17 

6 
18 

5 

18 
5 

19 

8 

20 

8 
2j_ 

8 
21 


44|  4 

1 

66 


67 
.3 
.88 

.0 
.09 

.7 

.81 

.6 

6l'  6 
.2  123 

.7a|  7 

.9  !24 

.9s|  7 

6  24 


8 

89 

6 

11 

4 

33 

1 

56 

9 

77 
6 
00 


6 
22 


]6 

4 
16 

6 
17 

5 
18 

6 
19 

5 

20 
6 

20 
6 

4  21 

ai;  8 

J_22 
6 
23 

7 
24 


16 

3 

36 

0 

56 

7 

79 

4 

98 

2 

19 

9 


7 

25 

7 
26 

7 
27 

8 
27 

8 
28 

8 
29 


9 

66| 

6 

88 

4 

10 

2 

33 

9 

65 

7 

77 

4 
99 

2 

aa 

9 
44 

7 
66 

5 


78 

8 

01 
.7 

86 
.5 

49 
.3 

.78 

J^ 

86 

.9 

19 

7 

43 

6 

.67 
.3 

.90 
.1 
.14 
.9 
38 
.7 
.61 
.5 
.86 
.3 

09 

1 


7 
24 

7 
25 

7 
26 

8 
27 

8 

28 

8 
28 

8 
29 

8 
30 

9 
31 


3a 

9 
66 

7 

79 

5 

03 

3 

.86 

.1 
60 
.9 
74 
.7 
98 
5 
22 
.3 


4.03 

13  7 


4  88 

14  6 
4  63 

15  4 
4  79 

16.3 


6 

17 

6 

18 


6 

18 
6 

19 

8 
20 

8 
21 

8 
22 

8 
23 

7 
24 

7 
24 

7 
25 

7 
26 

8 
27 

8 

28 


04 

1 

88 

_0^ 

54 

8 
78 
7 
04 

6 

80 

4 

66 

3 

80 
1 
05 

0 
31 

8 

66 

7 

81 
6 
06 


4  68 

15  6 


4  88 

16  5 
6  18 

17  4 

6  40 

18  3 
6  67 

19  3 

6  94 

20  2 


8  81 
21.1 
6.48 

22.0 

8.75 
22.9 

7.08 
23.8 

7.88 
24.8 

7.68 
26,7 

7.83 
26.6 


8 

27 
8 

28 
8 

4  l29 


81 

3 


8 

29 

8 

30 

9 
30 

9 
31 

9 
32 

9 
33 


881 

0 

07 

8 

38 

7 

68 

6 

83 

4 


8 

30 
9 

31 


32 


8 
33 
10 
33 
10 
34 
10 
35 


.10 
.5 

37 
.4 

64 
.4 

98 
.3 
.19 
.2 

.46 

J_ 

78 

.0 
.0 

.9 

.8 

.9 

6 

.6 


8 

29 

9 
30 

9 
31 

8 
32 

9 
33 


78 

6 

01 

6 

80 

6 

61 

6 

88 

0 


10.8 

34.6 

6 

5 

T 
5 


10 

36 

10 

36 


11.0 

37.5 
11.8 

38.6 


9. a 

32.1 
9.78 
33.2 

10.1 
34.3 

10.4 
35.3 
10.7 
36.4 

U.O 

37.5 
11 .8 
38.5 
11.8 
39.6 
18 .0 
40.7 

18.3 

41.7 


l'^. 
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Table  9 


Core  diam.  (inches) 


15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 

27 
28 
29 

30 
31 
32 
33 

35 
30 
37 
38 
3'J 


Arbah  and  Weiohts  of  H-in-  Wire  Spirals 
Areas  of  Equivalent  Cylinders  in  iSquare  Inches  Given  in  Heavy  Figures 
Weights  of  Wire  in  Pounds  per  Foot  Length  of  Spiral  in  Light  Figures 


Pitch  of  Spiral  in  Inches 


2H" 


2H"  i2H'\2H"\'2H"    2>4" 


2H" 

2" 

IH" 

IH" 

IH" 

IW 


S.09 
10.5 

S.29 
U  2 

S  49 
11  9 


3  70 
12  6 

S.91 
13.3 

4.11 
14.0 

4  SS 
14.7 

4. fit 
15.4 

4  78 
16  1 

4  98 
16.8 

fi  li 

17.5 

i  3fi 

18  2 


i  fiS 

18  9 
fi.76 

19.6 
§97 

20.3 


6 

21 

6 

21 


IT 

0 

87 

7 


6  58 


22 

6 


4 
78 


23.1 
6.99 

23.8 


7 
24 

7 
25 

7 


19 

5 

40 

2 

60 


25.9 
7  88 

26.6 
8.01 

27.3 


8.88 

11.0 
8  48 

11.7 
8.60 

12.4 
8.86 

13.1 
4.08 

13.9 


4 

14 

4 
15 

4 
16 

4 
16 

i. 
17 

i 
18 

8 
19 

fi 

li. 

6 
20 

6 
21 


89 

6 

80 

3 

78 

1 

94 

8 

Ifi 

5 

86 

3 
89 

0 
80 

7 


6 

21 

6 
22 

6 
23 

7 
24 

7 
24 

7 
25 

7 
26 

7 
27 

8 
27 

8 
28 


01 

4 

88 

2 

44 

9 

.66 
.6 

87 

4 
.09 

1 

80 
.8 

.61 
6 
74 
3 

9S 
0 
16 


8 
11 

8 
12 

8 
13 

4 

13 

4 
14 


.86 

.4 
•9 

.2 

.88 

.0 

.04 

.7 

.87 

.5 


4 
15 

4 
16 

4 
16 

fi 
17 

fi. 
18 

• 

19 
8 

19 

8 
20 

6 

21 


.491 

3 

71 
.0 

94 
.8 

16 
.6 
.89 
.3 

61 

1 

84 

9 
06 

6 

89 

4 


6 

22 

6 
22 

6 
23 

7 
24 

7 
25 

7 
25 

7 
20 

8 
27 

8 
28 

8 


8    29 


87 


8 


5    29 


fill 
2 

74l 

9 

9fi 

6 

18 

4 

40 

2 

68 

9 

88 

7 

08 

5 

80 

2 

03 

1 

7fi 

7 


8 

12 
8 

12 
8 

13 

4 
14 

4 
16 

4 

10 


.88 

0 

76 
.8 

99 
.6 
.88 
.4 
.46 
.2 

70 

0 


4 
16 

8 
17 

S 
18 

8 
19 

fi 

20 
6 

20 

6 
21 

6 
22 

6 
23 

7 

24 


94 

8 

16 

6 

40 

4 

.64 

.2 

87 
0 

.11 
8 
34 
6 
88 
.4 
81 
.2 

08 

0 


3 

12 
3 

13 

4 
14 

4 
15 

4 
16 

4 
16 

8 

17 


7 
24 

7 
25 

7 
26 

7 
27 

8 

28 
8 

28 
8 

29 
8 

30 

9. 
:u 


88 

8 

68 

6 

78 

4 

98 


88 

0 

46 

8 

69 

6 

93 

4 

16 

2 


8 

18 

fi. 
19 

fi. 
20 

6 

21 

6 
21 

6 
22 

6 
23 

7 
24 

7 

25 

7 

26 


70 
.6 
94 

4 

19 
.3 
.U 

.1 
.69 

.0 

93 

8 
.18 

_6_ 

48 

5 


3  90 

13  2 

4  18 

14  1 


7 
26 

8 
27 

8 
28 

8 

29 
8 

30 
9 

31 
9 

31 
9 

32 


3 
93 

.2 

17 

0 

48 

8 
66 
.7 
90 
5 
16 
.4 

.40 

2 

64 

^ 

.89 

8 
.141 
.7 
38 
.5 


4 

89 

2 


4  48 

15.0 
4  61 

15  9 
4  94 

16.8 

6  19 

17.7 
•  40 

18.6 

0  71 

19  4 


0.98 
20.3 
6  84 

21.2 


6 

22 

6 
23 

7 
23 

7 
24 

7 
25 

7 
26 

8 
27 

8 
28 

8 

29 


49 

1 

76 

0 

01 

9 

88 

7 

04 

6 

.79 
.5 
.00 
.4 
.31 
3 

68 

2 


8 

30 


9 
30 

9 
31 


13    9 
1    32 


38 
9 


9 
33 


63,10 

7  '34 


83| 
0 

09| 

9 

36 

8 

60 

7 

88 

6 

1 

^ 


4.66 

15.9 


4  94 

16  8 
8  88 

17.7 


8 

18 

0 
19 

6 
20 

6 

2j_ 

6 
22 

6 

23 

7 
24 

7 
25 

7 
26 

7 
27 

8 

28 
8 

28 
8 

29 
9 

30 

9 
31 

9. 
32 


49 

6 

76 

6 

03 

5 

31 

_4_ 

08 

4 

.80 

.3 
.18 

.3 
40 

2 

.61 
.1 
.96 
.1 

S3 

0 

00 

9 

77 

8 

00 

8 

38 

7 

60 

6 


9 

33 
10 
34 
10 
35 
10 
36 


88 

6 
1 
5 
4 

5 
7 

4 


8  83 

17  8 


0  08 

18.8 


0 

19 
6 

20 
6 

21 
is 

22 

6 
23 


80 
.8 
09 
.8 
38 
7 

67 
.7 
.96 
.7 


0  86 

20.0 


6  171 
21  0 

6  481 
22.0 

8  79 
23.1 

7.10 
24.1 

7.40 
25.2 


7 
24 

7 
25 

7 
26 

8 
27 

8 
28 

8 

29 
8 

30 
9 

31 
9 

32 
9 

33 


7 
126 

8 

127 


80 

7 
00 

7 

83l  8 
7    28 


18 

6 
41 

7 

.70 

.6 

.99 

6 

.88 
.6 
.07 
.6 
.86 
.5 


10.1 

34.5 
10.4 
35.5 
10.7 

36  6 


11  0 

37.5 
11  3 

38.6 


8 

29 
8 

30 

9 
31 

9 
32 

9 
33 
10 
34 
10 
35 


.71 

.2 

08 

2^ 

38 

.3 
.64 

.4 
96 

.4 

88 

5 
66 

5 

87 

6 

.8 

6 

0 

6 


10.8 

36.7 
11.1 

37.8 
11.4 
38.8 
11.7 
39.9 
18  0 
40.9 


6  09 

22  4 

6  90 

23  5 


7  84 

24  6 
7  07 

25  8 
7  90 

26.9 


8 

28 
8 

29 

8 

30 


0 
66 

1 

88 

2 


9 

31 

9 
32 

9 

33 

10. 

34 

10 

35 

10 

36 

11 

38 


81 

3 

80 

6 

87 
6 

8 
7 
0 
8 
9 
9 
8 
0 


11.0 
39.2 
11.8 
40.3 
18.8 
41.4 
18.0 
42  6 
18  8 
43.6 

1% 


7  76 

26  4 


8.10 
27.6 
8.46 

28.8 


8 

30 
9 

31 

9 
32 

9 
33 

10 

34 


88 

.0 

.18 

2 

68 

4 

.87 

.6 

.8 
.8 


10.6 
36.0 
10.9 
37.2 
11.3 
38.4 
11  6 
39.5 
18  0 
40.7 

18.8 

41.9 
18.7 
43.2 
13.0 
44.4 
13.4 
45.6 
13  7 
46.8 


8  73 
29.9 
9.11 

31.0 


9.001 
32.3 

9  811 
33.6 
10.8 
34.9 
10.8 
36.2 
11.0 
37.5 

11.4 

38.8 
11.8 
40.0 
18  1 

41.3 


18.0 

42.6 
18.9 
43.9 

18.8 
45.2 
13.7 
46.5 
14.0 
47.8 
14.4 
49  1 
14  8 
50.4 


10.8 

35.0 

10.7 

36.4 

11.1 
37.8 
11.0 
39.2 
11.9 
40.6 

18.8 
42.0 
18.7 
43.3 
18.8 
44.7 
18.8 
46.1 
14.0 
47.6 


14.4 
48.9 
14.8 
50.4 
10.8 
51.8 
10.6 
53.2 
16.0 
54.6 


2*-; 


li 


o 


15 
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Table  10 


Core  diam.  (inohea) 


Arbas  and  Weights  op  Ht-ii^-  Wxrb  Spiraub 
Areas  of  Equivalent  Cylinders  in  Square  Inches  Qiven  in  Heavy  Figures 
Weights  of  Wire  in  Pounds  per  Foot  Length  of  &piral  in  Light  Figures 

Pitch  of  %>iral  in  Inches 


2H" 


2H" 


2H" 


2H 


// 


2H 


// 


2U 


^" 


2H" 


2" 


iH" 


iK' 


IH' 


IW 


20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 


S.tl 
17.7 
6.46 

18.6 

i.78 

19.5 


6.9f 

20.4 
6.2i 

21.2 

6.11 

22.1 

6.7T 
23.0 

7.0S 
23.9 

7.29 
24.8 

7.66 
25.7 

7.81 

26.6 
S.06 

27.4 
8  82 

28.3 

8.68 

29.2 


8.84 

30.1 

9.10 

30  9 
9.38 
31.9 
9.68 
32.7 
9.90 
33.6 
10.2 
34.5 


6 

18 
6. 

19 
6 

20 

6 

2_l_ 

6. 
22 

6 

23 

7 
24 

7 
24 

7 
25 

7 
26 

8 

27 
8 

28 
8 

29 
8 

30 

9 
31 


48 

5 
70 

4 

971 
3 

26 

2_ 

62 

2 

79 

1 

06 

0 

Si 

4 

60 

8 

88 

8 

14 

7 

41 

6 

6! 

5 

97 

4 

28 

.3 


6.68 

19.3 
6.96 

20.3 
6.26 

21  3 
6  68 

22.2 

6  81 

23.2 


9 

32 
9 
33 
10 
34 
10 
35 
10 
36 


.601 

.3 

.791 

.2 

.0 

.1 

.8 

.1 

.6 

.0 


7 
24 

7 
25 

7 
26 

7 
27 

8 
28 

8 

28 
8 

29 
9 

30 
9 

31 
9 

32 

9 
33 

10 

34_ 

10 
35 
10 
36 
11 
37 


lOl 

2 

89 

1 

67 

1 

96 

0 

24 

0 

62 

9 

80 
9 
09 

9 
87 
9 
61 

8 

96 

8 

2 

1 
6 

7 
8 

7 
1 

7 


6  96 

20.2  1 

6.24 

21.2 

6.90 

23  5 

6.24 

21.2 

6.66 

22.3 
6.86 

6.66 

7  23 

22.2 

23.4 

24.6 

6  84 

7.18 

7.66 

23.2 

24.4 

25.7 

7.14 

7.60 

7.89 

24.2 

25.5 

26.8 

7  44 

25  2 

7  81 

26.6 

8  12 

27.6 

8.22 

28.0 
8.66 

29.1 
8.88 

7.74 

26.3 

8  08 

8.48 

27.3 

28.6 

30.2 

8.88 

28.3 

8  74 
29.7 
9.06 

9  20 

31.3 

8  62 

9.66 

29.3 

30.8 

32.4 

8.98 

9.87 

9.88 

30.3 

31.8 

33.5 

9  22 

9.68 

10.2 

31.3 

32.7 

34  6 

9  62 

10.0 

10.6 

32  3 

33.9 

35  8 

9  82 

10.8 

10  8 

33.3 

35.0 

36.9 

10.1 

10  6 

11.2 

34.3 

36.0 

38.0 

10.4 

10.9 

11.6 

35.3 

37.1 

39.1 

10.7 

11.2 

11.8 

36.4 

38.2 

40.3 

11.0 

11.6 

12.2 

37.4 

39.2 

41.4 

11.8 

38.4 

11.9 
40.3 

12.2 

41.4 

12.6 

42.5 
12.8 

43.6 

1% 

11.6 

30.4 

7.66 

26.0 


7.99 
27.2 
8.84 

28.3 


8 

29 
9 

30 
9 

31 
9 

33 

10 
34 


69 

5 

06 

7 

89 

9 

78 

0 

1 

3 


8.46 

28.7 


8  88 

29.9 


10.4 

35.4 
10.8 
36.6 
11.1 
37.8 
11.4 
39.0 
11.8 
40.2 

12.1 
41.4 
12.6 
42.5 
12.8 
43.7 
18.2 
44.9 
18.6 
46.0 


9 
31 

9 
32 

9 
33 
10 
34 
10 
36 


20 

2 

67 

4 

98 

7 

8 

0 

6 

2 


11.0 

37.4 

11.4 

38.7 


11.8 
39.9 
12.1 
41.1 
12  6 
42.4 

12.8 
43.6 
18.2 

44.9 
18.6 
46.1 
14.0 
47.4 
14.8 
48.6 


9 

31 


87 
.9 


9 
39 
10 
34 
10 
35 
10 
37 
11 
38 


; 


10.4 

35.4 

10.8 

36.8 


11.7 
39  8 
12.1 
41.2 
12.6 
42.5 

12.9 

43.8 


18.8 
45.2 

18.7 
46.5 
14.1 
47.8 
14.4 
49.2 
14.8 
50.5 
18.2 
51.8 


11.2 
38.2 
11.7 
30.6 
12.1 
41.1 

12.6 
42.4 
12.9 
43.9 
18.8 
45.3 
18.7 
46.7 
14.1 
48.2 

114.6 

19.6 


16.0 

51. 

16.4 

52.4 

16.8 

53.8 

16.2 

55.2 


12.0 

40.0 

12.6 

42.5 


12. fl  18.9 

44  C  47.4 


IS 

45 
IS 
47 
14 
48 
14 
50 
16 
51 


14.4 

49.0 


16.6 

53.1 
16.1 

.7 

16.6 

56.2 


0  54 


16.9 
57.7 
17.4 
50.2 


14.9 
50.5 
16.4 
52.2 
16.8 
53.8 
16.8 
55.4 

16.8 
57.1 
17.8 
58.8 
17.8 
60.4 
18.8 
62.0 

18.7 

63.6 


2% 


IS  .2 
61.9 
18. T 
63.7 
19.2 
65.5 
19  .8 
67.3 
20.8 
69.0 

l\% 


Spirals  above  and  to  right  of  ligsag  lines  are  nearest  commercial  sise  fully  equal  to  percentage  of  core  area  indi- 
cated at  end  of  line. 

Weights  in  above  table  include  the  wire  only.  To  this  must  be  added  the  weights  of  the  spacing  bars  and  the 
weight  of  the  extra  turn  at  endn  of  spiral. 
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IM»m. 

Are* 

DUro. 

An* 

IKsm. 

A«» 

Dism. 

Ar«. 

Dimm 

a™ 

Diun 

Arga 

10 

78.5 

IB 

ITS. 7 

20 

31*  ,3 

25 

490,8 

30 

708.9 

3S 

963. 1 

11 

SS.O 

le 

301.1 

31 

346. 4 

36 

630.9 

764,8 

33 

13 

133.7 

18 

354  S 

33 

416,5 

28 

615,8 

33 

8*5  3 

38 

1134.1 

" 

1S3,9 

IB 

383  .8 

34 

4S3.4 

30 

Mty.& 

34 

907,9 

39 

1194 .6 

BEARING  PLATES  AITD  BASES  FOR  BEAMS,  GIRDERS,  AND  COLUHHS 

Br  Clydb  T.  Morris 

99.  AUowaUe  Bearing  Prssauros. — Where  beamB,  girder^,  or  columns  rest  on  masonry 
wrUs  or  footings,  the  bearing  area  must  be  made  sufficient  bo  that  the  masonry  will  not  be 
oveistressed.  Hie  following  table  gives  safe  bearing  values  in  pounda  per  square  inch  for  dif- 
ferent kinds  of  masonry: 


Flnt-cla«i  Eiaiiite  mMMaary. 
FSni-cUM  ooDonto,  1-3-4  m 

Fitat-elan  undstone  muoo 
Coouvte.  l-S-O  mix. .,.,.,. 
HBrd-bum«d  brick  work,  ve 


TH 


w 


100.  Simple  Bearing  Plates. — For  ordinary  loads,  sufficient  bearing  can  usually  be  secured 
by  placing  a  plate  from  ^  to  1  in.  thick  under  the  end  of  the  beam  or  girder,  as  shown  in  F^g. 
102.  The  portion  "a"  of  the  plate  which  projects  beyond  the  edge  of  the  beam,  will  deflect 
upward  under  the  load  so  that  the  pressure  on  the  masonry  will  decrease  from  the  edge  of 
the  beam  outward  as  shown  by  the  shaded  area.  Porsteelplates  with  the  usualmortar  bearing, 
the  distance  "a"  beyond  which  there  will  be  little  of  no  pressure  an  the  masonry,  will  not 
exceed  3  or  4  times  the  thickness  of  the  plat«.  (This  may  be  readily  calculated  from  the  dt>- 
Bection  formula  and  the  modulus  of  elasticity  of  the  masonry.)  Assuming  a  =  V  as  the 
etFective   projection,    the    maximum    unit 


pressure  on  the  masonry  will  be 

'  (6  +  it)l 


w 


If  the  width  of  the  bearing  plate  . 
,  be  reduced  accordingly.     If  the 


in  which 

p  =  the  maximum  unit  pressure. 

fl  =  the  maximum  end  reaction  of  the 

b  =  the  width  ofthc  flange  of  the  beam, 
I  =  the  thickness  of  the  plate. 
I  -^  the  length  of  the  bearing. 
n  (6  +  8t),  the  denominator  of  equation  (1) 
allowable  pressure  on  the  masonry  is  not 


exceeded,  the  fiber  stress  in  the  steel  plate  will  be  well  within  allowable  limits. 

If  the  length  of  bearing  "I"  is  restricted  and  a  greater  width  than  (b  +  8()  ia  necessary, 
stiffening  brackets  must  bo  placed  on  the  end  of  the  girder,  or  a  cast-iron  subbase  may  be  used. 
If  the  bearing  plate  is  stiffened,  as  shown  in  Fig.  103(6),  or  a  cast  base  having  stilTeniDg  webs  is 
used,  the  pressure  on  the  masonry  may  be  assumed  to  be  uniform  over  the  entire  bearing 
MWi.  The  stiffening  brackets  should  have  enough  rivets  to  carry  the  entire  load  on  the  portions 
of  the  bearing  plate  projecting  beyond  the  edges  of  the  flange. 
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Bearing  plates  for  columns  are  calculated  in  an  exactly  similar  manner  and  may  be  stif- 
fened as  shown  in  Figs.  98  and  103.  The  thickness  ^T'  in  equation  (1)  may  be  taken  as  the 
thickness  of  the  base  plate  plus  the  thickness  of  the  shoe  angle.  Bases  for  wooden  columns 
are  treated  in  Art.  68. 

101.  Cast  Bases. — If  a  cast  base  is  used  (Figs.  103a  and  98a),  the  weak  section  will  be  at 
the  edge  of  the  upper  bearing  plate  of  the  casting,  and  the  vertical  webs  and  lower  plate  must  be 
strong  enough  to  carry  the  load  on  the  projecting  portions  ''a*'  (see  Fig  J03a).  The  maximum 
extreme  fiber  stress  pn  the  cast  iron  should  not  exceed  about  2500  to  3000  lb.  per  sq.  in.  in 
tension,  or  10,000  to  12,000  lb.  per  sq.  in.  in  compression. 

niiistratiTe  Problem. — Design  a  cast-iron  base  to  supp<H-t  the  end  of  a  girder  whose  reaction  is  120.000  lb.  an^ 

the  length  of  the  bearing  "Z"  is  limited  to  12  in.     Assume  the  bearing  to  be  on  a  concrete  wall  having  an  allowable 

bearing  value  of  400  lb.  per  sq.  in. 

120.000 


Required  bearing  area 


300  sq.  in. 


400 

300 
Required  width  of  casting  ■■  -j^  ■■  25  in. 

If  b  ■■  13  in.,  a  ->  6  in.,  and  the  load  on  the  portion  "a"  will  be, 

(12)  (6)  (400)  -  28,800  1b. 
The  moment  at  the  edge  of  the  upper  bearing  plate  of  the  easting  will  be 

M  =  (28,800)  (3)  -  80,400  iu.-lb. 

The  section  at  this  point  is  shown  in  Fig.  103(c). 

Assuming  the  metal  to  be  ^  in.  tliick,  the  required  depth  "d"  may  be  found  by  trial  as  follows. 
Try  d  —  4K  in-i  then  /  ■■  17.36.  c  ■■  1.08  in.  to  bottom  (tens,  side) 

c  B  2.92  in.  to  top  (comp.  side). 
Me        (86.400)  (1.08) 


17.36 
(86.400)  (2.92) 
17.36 


«  5370  lb.  per  sq.  in.,  tension 

14,530  lb.  per  sq.  in.,  compression. 


As  these  unit  stresses  arc  excessive,  either  the  metal  must  be  made  thicker  or  the  depth  "d"  greater. 
Try  d  -  6^4  in.,  then  /  -  56.30.  c  —  1.775  in.  to  bottom  (tens,  side) 

c  ■>  4.225  in.  to  top  (comp.  side) 
Mc        (86,400)  (1.775) 


/- 


56.30 

(86,400)  (4.225) 
56.30      . 


2720  lb.  per  sq.  in.,  tension 
6480  lb.  per  sq.  in.,  compression. 


\ . 

0 
D 
0 
0 
0 
D 
0 

0 

o 

0 
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0 
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Fig.  104. 


The66  ^ber  stresses  are  within  safe  limits,  so  the  depth  of  the  casting  may  be  made  6^  in. 

102.  Expansion  Bearings. — For  steel  girders  and 
trusses  over  30  ft.  in  length,  provision  must  be  made 
for  expansion  and  contraction  due  to  changes  in  tem- 
perature. For  spans  less  than  30  ft.  there  will  usually 
be  sufficient  play  in  the  anchorages  to  allow  for  the 
movement. 

For  spans  between  30  to  100  ft.,  provision  for  ex- 
pansion should  be  made  by  providing  two  bearing 
plates  at  one  end  of  the  girder,  as  shown  in  Fig.  103(6), 
one  riveted  to  the  gird(;r  and  the  other  one  anchored  to 
the  masonry.  The  anchor  bolt  holes  in  the  upper  plate  which  is  riveted  to  the  girder  should 
be  slotted  to  provide  for  the  necessary  movement  due  to  temperature  changes.  The  extreme 
movement  will  be  about  1  in.  for  each  80  ft.  of  span.  If  the  bearing  area  exceeds  about  120 
sq.  in.,  the  sliding  surfaces  should  be  planed. 

For  spans  exceeding  100  ft.,  nests  of  turned  rollers  should  be  placed  between  the  bearing 
plates  at  the  movable  end  of  the  span.  These  roller  bearings  should  be  so  arranged  that  they 
can  be  readily  cleaned  and  so  that  they  will  not  collect  dirt  and  moisture.  The  bearing  pressure 
on  the  rollers  should  not  exceed  GOOD  per  lin.  in.  of  roller,  where  D  =  diameter  of  roller  in  inches. 
Fig.  104  shows  a  design  for  a  roller  bearing. 

103.  Hinged  Bolsters. — For  spans  exceeding  100  ft.,  hinged  bolsters  should  be  provided 
at  each  end.     These  bolsters  may  be  either  cast  or  built  up  of  plates  and  shapes. 
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The  pin  should  be  turned  and  the  pin  hole  bored  to  a  diameter  not  more  than  H2  in. 
greater  than  the  diameter  of  the  pin.  The  bearing  area  on  the  pin  (diam.  of  pin  X  thickness 
of  bearing)  should  be  sufficient  so  that  the  unit  pressure  does  not  exceed  24,000  lb.  per  sq.  in., 
and  the  maximum  fiber  stress  on  the  pin  due  to  bending  should  not  exceed  24,000  lb.  per  sq.  in. 
The  unit  shearing  stress  should  not  exceed  10,000  lb.  per  sq.  in.  Fig.  104  shows  such  a 
hinged  bolster. 

104.  Anchors. — ^The  ends  of  beams  and  girders 
should  be  anchored  to  their  support  with  bolts  securely 
fastened  into  the  masonry.  Anchor  bolts  for  columns 
should  be  designed  to  resist  l}4  times  the  bending 
moment  at  the  base  of  the  column  and  should  engage  a 
sufficent  weight  of  masonry  to  withstand  this  moment 
and  also  1^  times  the  calculated  upUft  (if  any)  on  the 
colimin  due  to  wind.  Such  an  anchorage  is  shown  in 
Fig.  105. 

For  simple  I-beams  built  into  walls,  the  anchor 
bolts  are  frequently  put  through  the  web  of  the  beam,  or  small  angles  are  riveted  to  the  end  of 
the  web  to  provide  the  necessary  anchorage.  Fig.  106  shows  several  forms  of  anchor  bolts. 
The  position  of  anchor  bolts  is  also  shown  in  Figs.  98,  102,  103,  and  104. 


I 


M 


'^^'^ 


Built  In  anchors 

Fia.  105. 


TENSION  MEMBERS 
By  Clyde  T.  Morris 

106.  Rods  and  Bars. — The  simplest  form  of  tension*  member  is  the  round  or  square  rod 
with  threads  and  nuts  on  the  ends.  Fig.  106  shows  details  of  the  end  connections  of  several 
such  members. 

In  designing  such  a  member  the  required  area  is  obtained  by  dividing  the  total  stress  by 
the  allowable  unit  stress.  The  least  area  of  cross  section  of  the  member  must  be  equal  to  or 
exceed  this  required  area. 


Pbn 


ChraHon 


VitHHf  frv99  twnfoft  tTMmlftr 


Loopbor 


n 


Tl 


for  hanghff  batory 
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Pia.  106. 


Fia.  107. 


The  least  sectiotial  area  of  a  plain  round  rod  with  threads  cut  on  the  ends  will  be  at 
the  root  of  the  threads.  If  the  rod  is  long,  the  ends  should  be  upset,  that  is,  increased  in  diame- 
ter, so  that  the  area  at  the  root  of  the  threads  wiU  be  greater  than  the  area'of  the  body  of  the  bar; 
but  if  the  member  is  short,  the  cost  of  upsetting  may  be  greater  than  the  saving  in  material,  in 
which  case  the  bar  may  be  made  of  sufficient  size  for  the  entire  length  to  allow  for  the  cutting 
of  the  threads. 

Tables  of  standard  upsets  and  areas  at  the  root  of  threads  are  given  in  the  steel  handbooks 
(see  also  Table  156,  p.  238). 

Plain  loops  for  connection  to  pins  are  made  by  bending  the  rod  around  a  pin  of  the  required 
diameter  and  welding  the  end  to  the  main  bar.  Forked  loops  are  also  sometimes  used  The 
forked  loop  is  welded  to  the  main  bar  and  should  have  a  total  cross  section  through  the  eye  at 
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least  60%  ia  excess  of  that  of  the  main  bar.  The  forked  loop  ia  not  so  reli&ble  aa  a  plam 
loop  because  it  depends  entirely  upon  the  weld  for  itsconnection.  Tables  of  standard  loop 
bars  are  given  in  the  handbooka  of  the  various  steel  companiee. 

Fig.  107  shows  various  end  connections  for  tension  members  composed  of  rods  and  bara. 

106.  Riveted  Teoaion  Herabers. — In  riveted  structures  the  .tension  members  are  usually 
made  of  rolled  shapes  built  into  forms  which  havecoOBiderablestifFness.  Although  theoretically 
there  may  be  no  compicssive  or  bending  stresses  in  these  membeta,  the  structure  will  be  stiffened 
and  vibrations  couHidersbly  reduced  if  the  tension  members  are  made  of  a  form  capable  of 
resisting  compression. 

Fig.  108  shows  cross  sections  of  various  forms  of  riveted  tension  members.  The  cost  of 
fabrication  of  these  types  will  vary  roughly  with  the  number  of  lines  of  holes  that  have  to  be 
punched  and  the  number  of  lines  of  rivets  that  have  to  be  driven. 


Sngle  angles  are  sometimes  used  for  tension  members  of  light  riveted  tniasea,  but  this 
practice  is  not  good  as  it  forms  an  unsyrometrical  member  and  eccentric  end  connections  are 
unavoidable. 

Unless  absolutely  necessary,  unsymmetrical  cross  sections  should  not  be  used.  When 
unsymmetrical  sections  are  used,  the  eccentric  momenta  should  be  calculated  and  the  resultant 
unit  stresses,  figured  as  shown  in  Sect.  1,  Art.  101,  should  not  exceed  the  allowable unita  specified. 

It  is  Impossible  to  so  design  a  riveted  tension  member  that  the  entire  cross  section  of  the 
body  of  the  member  is  available  for  tension  area,  on  account  of  the  necessity  of  punching  holes 
for  the  rivets.  This  of  course  reduces  the  effective  net  area.  This  may  be  iUustrat«d  by  the 
solution  of  a  problem. 

lUiutnti**  Problem.— Fi(.  lOB  Bhawi  a  ipline  in  t,  plate  carryinc  tenaion,  to  d«i(ned  that  ■  nuiimuiii  of  Ui« 
SroM  MCtioD  oi  tba  pUts  ia  available  for  net  teniion  area.     Awume  the  tollowina  data: 

Allowed  teniian  unit  atrcM 19.000  !b.  per  sr).  in. 

Allowed  <hear  on  rivet* 13,000  lb.  per  >q.  in. 

Allowed  bearini  oD  riyeta 24,000  lb.  pep  aq.  id. 

Total  stnu  to  be  oarriad ,. 64,000  lb. 

The  Dumbei  of  rireta  required  will  in  thia  case  be  determined  by  the  bearini  value  of  a  rivet  oa  the  12  X  M-in- 

plale.     Tliie  ia  6780  lb.     The  total  number  of  riveta  required  ia  "g^^'  -  tO. 

Vr  ■   _ .  ii^^-^y^'t     I  Th»  required  net  area  ol  the  12  X  W-in.  plate  at  the  Brat  line  o(  riveU  (AA),  ia 

S^J^-  L-£:V«±»'  J  S  -  *-^*  *^-  '"■     ■^'"  '™""''"  ""  -""  "^  '■"  '*'•  »  "^(«>  -  <«  + 

^         Maafefe^'  **'**"  "  *■!'  *^-  "^     '■'^^  diameter  oi  the  hole  La  aaaumed  to  bo  }(  in. 

^^^"^ILeijni'-,  laiiar  than  the  rivet.) 

At  the  aeeond  line  of  riveta  (B£),  tte  atma  in  the  mun  plate  hae  been  re- 
is  only  H>  (64 ,000)  -  S7,e001b.     The  required  not  area  of  the  13  X  M-lD.  plate 
*  S  i-LrtAJ^J  0°  '•>«  ''"•  **  -  i^'l^  -  3.60  m-   in-     The  avaiUbla  net  area  -  (12)CM) 

^^^  _  3(K  +  H)(N)  -3.84  aq.  in. 

Fio.  IIO.  Inliks  manner  the  available  net  section  at  each  line  of  riveta  will  be  found 

The  Bplica  platee  muat  be  made  thick  enough  so  that  the  net  rection  dd  the  lait  line  ol  rivets  DK,  is  sufficient 
to  carry  the  entire  atreas  ( -  1.12  aq.  in.).  The  net  width  of  the  splice  plates  at  thia  point  is  12-  (4)(M)-  S.Sic. 
TbereCore  the  required  thicknesa  of  the  two  splice  plates  is  *-^^  -  0.4D  in.  Use  two  splice  platee  13  X  K-  Total 
thickneas  -  0.5  in. 
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The  distanoe  between  the  sYiooessive  rows  of  rivets  must  be  suffident  so  that  the  net  section  on  a  n^-sag  line, 
snoh  as  DBPOHIJK,  is  greater  than  the  square  section  KD. 

In  members  composed  of  shapes  the  net  section  is  figured  by  considering  the  shape  to  be 
straightened  out  like  a  plate  and  calculating  the  net  areas  on  the  various  possible  rupture  sections 
to  find  the  least  net  area.  Fig.  110  shows  two  angles  so  developed  and  the  possible  rupture 
sections. 

In  designing  the  end  connections  of  riveted  tension  members  the  rivets  should  be  so  ar- 
ranged that  the  maximum  possible  net  section  is  available  at  the  beginning  of  the  connection 
where  the  stress  is  carried  entirely  by  the  main  section.  This  was  illustrated  in  the  design  of  the 
splice  in  Fig.  109. 

A  riveted  tension  member  in  a  horizontal  or  inclined  position  should  have  sufficient  stiffness 
to  prevent  sagging  between  connections.  The  unit  stresses  in  such  a  member  caused  by  bend- 
ing due  to  its  own  weight,  are  calculated  in  Sect.  1,  Art.  101.  iii  ^ 

When  a  tension  member  is  composed  of  two  or  more  parallel  '  ej^t-jL  tmfj^^^ 
elements  as  shown  in  I^lg.  Ill,  these  should  be  connected 
together  throughout  their  length  to  form  a  xmit,  similar  to  a 
compression  member.  The  distance  between  such  successive 
stays  should  not  be  great  enough  so  that  the  ratio  of  unsup- 
ported  length  to  least  width  of  the  individual  parts  is  as  great 
as  that  of  the  member  as  a  whole. 

107.     Wooden    Tension     Members. — Wooden    tension 
members  are  not  extensively  used  except  for  the  bottom  chords       Baf^n  orsfavohhs 
of  wooden  trusses.    On  account  of  the  low  shearing  resistance  -         * 

of  wood  along  the  grain,  the  greatest  difficulty  is  encountered 

in  transmitting  the  stresses  from  the  other  truss  members  to  the  bottom  chord  near  its  end, 
and  in  splicing  the  chord  where  the  span  is  too  great  to  make  it  possible  to  get  the  timbers  in 
full  lengths. 

These  bottom  chords  are  frequently  made  up  of  several  leaves  from  2  to  6  in.  thick  and  8 
to  14  in.  deep.  Due  to  the  necessity  of  notching  into  the  timbers  to  obtain  bearing  for  the  ends 
of  other  members  and  for  splice  plates,  and  to  the  large  number  of  holes  necessary  for  bolting 
the  pieces  together,  the  effective  net  section  cannot  be  a  very  large  proportion  of  the  gross  area 
of  cross  section. 

For  design  of  tension  splices,  see  Art.  119. 

SPLICES  AND  CONNECTIONS— WOODEN  MEMBERS 

By  Henbt  D.  Dewell 

106.  Nails. — Wire  nails  are  usually  of  steel,  of  circular  cross  section  without  taper,  and 
with  a  head  and  point.  In  size  they  are  designated  as  8-D  (8  penny),  10-D  (10  penny),  etc., 
and,  in  class,  as  common,  finishing,  casing,  barbed  roofing,  shingle,  fine,  cement  coated,  etc. 

Cut  nails  are  of  steel  or  iron,  with  a  rectangular  cross  section,  and  taper  from  head  to  point, 
the  latter  being  cut  square,  i.e.,  not  pointed.    The  sizes  are  designated  as  for  wire  nails. 

Spikes  designate  the  larger  sizes  of  nails. 

The  sizes  of  nails  and  spikes  are  given  in  Tables  1  to  9  inclusive.  For  quantity  of  nails 
required  in  timber  construction,  see  Table  10. 

Boat  spikes  are  employed  in  heavy  timber  construction.  They  are  made  from  square  bare 
of  steel  or  wrought  iron,  have  a  forged  head  and  a  wedge-shaped  point.  The  common  sizes 
and  weights  are  given  in  Table  11. 

109.  Screws. — Screws  may  be  classified  as  (1)  common  wood  screws j  and  (2)  lagj  or  coach 
screws. 

Wood  screws  have  slotted  heads;  the  shank  is  smooth  for  a  portion  of  its  length  adjacent 
to  the  head,  the  remainder  of  the  length  being  threaded,  and  tapering  to  a  point.     Wood  screws 
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are  usually  of  steel,  but  are  made  also  of  bronze  and  brass.  The  ordinary  wood  screw  has  a 
flat  head,  but  screws  are  also  made  with  round  heads.  Wood  screws  are  designated  by  gage 
and  length.  Given  the  gage  number,  the  diameter  of  the  smooth  shank  may  be  found  from  the 
formula 

d  =  0.0578  +  0.01316G 

where  d  =  diameter  in  inches,  and  G  =  gage  number  of  screw.  Table  12  gives  the  length  and 
gage  numbers  of  wood  screws,  flat  head,  bright  steel. 

Lag  screws  are  of  heavier  stock  than  the  common  wood  screws  and  have  a  square  head  with- 
out slot.'    Table  13  gives  the  sizes;  lengtlis,  and  weights  of  lag  screws. 

110.  Bolts. — Bolts,  in  timber  construction,  may  be  divided  into  two  classes,  (1)  common, 
ordinary^  or  machine  boliSj  and  (2)  drijt  boUs, 

Machine  bolts  are  of  steel  or  wrought  iron,  of  circular  cross  section  without  taper,  having  a 
square  head  upset  on  one  end,  and  the  other  end  threaded  to  receive  a  nut.  The  length  of  a 
bolt  is  the  length  from  underside  or  inside  of  head  to  end  of  thread.  Nuts  are  usually  square 
unless  otherwise  ordered,  but  hexagonal  nuts  may  be  obtained  where  desired.  Table  14  gives 
the  weights  of  100  machine  bolta  with  square  heads  and  nuts.  Table  15a  gives  the  values  in 
tension  of  bolts  at  various  stresses,  based  on  the  areas  of  the  bolts  at  the  root  of  thread.  Table 
156  gives  the  strength  of  round  rods  with  upset  ends. 

111.  Lateral  Resistance  of  Nails,  Screws  and  Bolts. — When  spikes,  screws  and  bolts  are 
subjected  to  lateral  forces  in  a  timber  joint,  shearing  and  bending  stresses  are  produced  in  the 
spikes,  screws,  or  bolts,  and  the  timber  in  contact  with  the  metal  is  subjected  to  pressure.  In 
timber  construction,  joints  of  this  nature  are  of  common  occurrence,  and  it  is  necessary  to  have 
safe  working  values  for  such  details.  The  factors  entering  into  a  theoretical  consideration  of 
the  stresses  produced  in  such  a  joint  are  many  and  complex,  and  in  the  determination  of  s^e 
working  values,  recourse  must  be  had  to  the  results  of  tests. 

In  the  case  of  nails  and  screws  a  theoretical  analysis  of  the  stresses  is  not  practical. 
Tests^  have  established  fairly  definitely  the  ultimate  strength  and  elastic  limits  of  such  joints. 


Table  1. — Wire  Nails — Common 


Sise 

Length 

Gage 

Diameter 

Approximate 

(inchca) 

(number) 

(inches) 

number  t  p  pound 

2d 

1 

15 

0.072 

876 

3d 

IK 

14 

0.083 

568 

4d 

IH 

12H 

0  102 

316 

5d 

IH' 

12H 

0.102 

271 

6d 

2 

UH 

0.115 

181 

7d 

2K 

UH 

0  115 

161 

8d 

2H 

lOH 

0   124 

106 

lOd 

3 

9 

0.148 

69 

12d 

3>i 

9 

0.148 

63 

16d 

3H 

8 

0.105 

49 

20d 

4 

6 

0.203 

31 

30d 

4H 

5 

0  220 

24 

40d 

6 

4 

0.238 

18 

60d 

6H 

3 

0.259 

14 

60d 

6 

2 

0.284 

11 

1  Tests  for  nails:  Walker  and  Cross,  Jour.  Assn.  Eng.  Soo.,  vol.  19,  Dee.  1897;  Darrow  and  Buchanan,  Proc 
Ind.  Eng.  Soo.,  1900;  Morgan  and  Marish,  Eng.  Exp.  Sta.,  Iowa  State  College,  Btd.  No.  2;  Tests  made  for  Bureau 
of  Buildings,  Portland,  Ore.,  Bng.  Newa-Rec,  vol.  79,  No.  19,  Nov.  8.  1917,  also  vol.  79,  No.  26,  Dec.  27,  1917;  also 
•'  Tfie  Timberman,"  Portland.  Ore.,  vol.  18,  No.  12,  Oct.,  1917;  "Tests  Made  to  Determine  Lateral  Resistance  of 
Wire  Nails."  Thomas  R.  C.  Wilson,  Eng.  News-Rec,  vol.  75,  No.  8,  Feb.  14,  1917;  Jacoby's  "  Structural  Details;** 
Dewell's  "Timber  Framing." 
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Table  2. — Wire  Nails — Finishing 


8iie 

Length 

Gage 

Approzimate 

(inches) 

(number) 

number  to  pound 

2d 

1 

16M 

1351 

3d 

m 

15H 

807 

4d 

IH 

15 

584 

5d 

m 

15 

500 

6d 

2 

13H 

300 

7d 

2H 

13 

238 

8d 

2H 

12H 

180 

lOd 

3 

IIH 

121 

12d 

3H 

IIH 

113 

16d 

3H 

11 

90 

20d 

4 

10 

62 

Table  3. — Wire  Nails — Casino 


SiBC 

Length 

Cage 

Approzimate 

(inches) 

(number) 

• 

lumber  to  pound 

1 

2d 

1 

15M 

1010 

3d 

1>4 

l^H 

635 

4d 

IH 

14 

473 

5d 

IH 

14 

407 

6d 

2 

12H 

236 

7d     • 

2H 

12H 

210 

8d 

2H 

"H 

145 

lOd 

3 

lOH 

94 

12d 

3>i 

lOH 

87 

16d 

3H 

10 

71 

20d 

4 

9 

52 

30d 

4H 

9 

46 

40d 

5 

8 

35 

Table  4. — Wire  Nails — Fine 


Sise 

Length 
(inches) 

Gage 
(number) 

Approzimate 
number  to  pound 

2d 
3d 

1 

15 

1351 

778 

Table  5. — Wire  Nails — Shingle 


8iM 

Length 
(inches) 

Gage 
(number) 

Approximate 
number  to  pound 

3d 
4d 

13 
12 

429 
274 
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Table  6. — Wire  Nails — Barbed  Roofing 


Length 

Qugfi 

Approximate 

(inohM) 

(number) 

number  to  pound 

H 

12 

548 

H 

12 

4d9 

H 

13 

613 

H 

14 

811 

1 

12 

411 

1 

13 

536 

1 

14 

710 

2 

9 

103 

Table  7.— Wire  Nails — Felt  Roofing  (Galvanized) 


Length 
(inches) 

Gage 

(number) 

t 

Diameter  of 
head  (inches) 

Approximate 
number  to  pound 

1 

12 
12 

H 
H 

215 
198 

Table  8. — Wire  Spikes 


Length 

Diameter 

Approximate 

(inches) 

number  to  pound 

6 

1  gage 

8 

7 

Ms  in. 

7 

8 

H    in. 

6 

9 

H    in. 

5 

10 

H    in. 

4 

12 

H    in. 

3 

Table  9. — Cut  Nails 


Sise 

Length  (inches) 

Sise 

Length  (inches) 

3d 

IVa 

12d 

3H 

4d 

m 

16d 

3H 

5d 

IH 

20d 

4 

6d 

2 

30d 

4H 

7d 

2H 

40d 

5 

8d 

2H 

50d 

6H 

lOd 

3 

60d 

6 
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Table  10. — QuANnrr  of  Nails  Required  for  Timber  Construction 


Sixe 
nail 


Nails  in  pounds  for  various  spacing 
of  joists  and  studding 


12 

in. 


16 
in. 


2a 

in. 


36 
in. 


48 
in. 


60 
in. 


1000  \LB.M. 

1000  p<s 

1000  M.B.M. 


100lin.ft.. 
1 
I 


Joists,  frame  building. , 

Joists,  brick  building 

Bridging,  1X4 

Bridging,  2X4 

Studding ^  . . 

Studding 

Sheathing,  1  X  8 

Flooring,  1  X  4 

Flooring,  1X4 

Flooring.  1X6 

Flooring,  1  X  6 

Planking.  3  X  6,  2  nailings. . 
Planking.  3  X  8,  2  nailings. . 
Planking,  3  X  10,  2  nailings. 
Planking,  3  X  12.  3  nailings. 
Planking,  2  X  C^,  2  nailings. . 
Planking.  2  X  10,  2  nailings. 

finishing 

Base 

Door 

Window 


20d   2 

(0   16 

14 

20d   1 

i2    10 

8 

8d 

•       •  ■  •  • 

35 

lOd 

•       •  •  •  « 

60 

20d   ] 

5    12 

lOd 

5    4 

• 

8d   S 

16   20 

17 

8d   2 

!6   22 

lOd   4 

[0       32 

8d   ] 

7    13 

11 

lOd   2 

16   20 

17 

60d 

•       •  •  •  • 

,  , 

61 

40 

60d 

•           •  •  •  a 

,  ^ 

39 

30 

60d 

•           •  •  •  • 

•  • 

31 

24 

60d 

•           •  •  •  • 

,  , 

39 

30 

20d 

61 

42 

27 

21 

20d 

30 

25 

16 

13 

8d 

20 

8X  6d 

1 

8  X  6d 

H 

8  X  6d 

H 

' 

. 

34 
26 
20 
26 
18 
11 


Table  11. — Boat  Spikes — (Wrought  Iron) 


Sise 

Average  number 

Sise 

Average  number 

1001b. 

in  100  lb. 

«  X3 

1600 

H     X    7 

325 

m 

1350 

8 

300 

4 

1187 

9 

263 

4H 

1110 

10 

238 

5 

1026 

Me  X  6 

300 

6H 

976 

7 

296 

6 

913 

8 

256 

H6  X4 

680 

9 

200 

4H 

660 

10 

180 

5 

615 

H  X  6 

225 

SH 

605 

7 

188 

6 

588 

8 

168 

H     X5 

470  . 

9 

.  160 

6 

400 

10 

138 

12 

120 
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Table  12. — Wood  Screws 

(Flat  Head.  Bright  Steel) 


Length 
(inohes) 

Qage  numbers 

H 

0 

1 

2 

3 

4 

H 

•0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

H 

•1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

•11 

•12 

H 

•1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

H 

•2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

•13 

14 

•15 

•16 

H 

•2 

•3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

•13 

14 

•15 

•16 

1 

•3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

•18 

IK 

•4 

0 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

.   16 

•17 

•18 

•20 

IH 

•6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

•22 

.   IK 

6 

7 

8 

9 

10 

11 

12 

13 

.14 

15 

16 

17 

18 

20 

•22 

•24 

2 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

•17 

18 

20 

•22 

•24 

2H 

6 

7 

8 

0 

10 

11 

12 

13 

14 

•15 

16 

•17 

18 

•20 

•22 

•24 

2H 

8 

9 

10 

11 

12 

13 

14 

•15 

16 

•17 

18 

20 

22 

24 

•2^ 

•10 

•11 

•12 

•13 

•14 

•16 

•16 

•17 

•18 

•20 

•22 

•24 

3 

•10 

11 

12 

•13 

14 

15 

16 

•17 

18 

20 

22 

•24 

•26 

3H 

•10 

•11 

•12 

•13 

14 

•15 

16 

•17 

18 

20 

•22 

24 

•26 

4 

12 

14 

16 

18 

20 

22 

24 

•26 

4M 

•16 

•18 

20 

22 

24 

26 

5 

•18 

20 

•22 

•24 

•26 

•28 

•6 

•20 

•22 

•24 

•26 

•28 

•30 

1  Siiea  not  usually  carried  in  stock. 


Table  13. — ^Lag  Screws 

(Gimlet  Point.    Square  Head) 


Diameter  (inches) 

Length 
(inches) 

H 

Ht 

H 

H 

^8 

H 

K 

Weight  in  pounds  of  100  screws 

IH                s 

1. 6 

3.9 

5.1 

10.4 

IH               J 

1.7 

4.0 

6.0 

11.0 

IH              s 

2.8 

4.4 

5.8 

11.7 

2                : 

J.l 

4.8 

6.7 

13.0 

24.0 

* 

2H               : 

J. 7 

5.6 

8.4 

15.6 

27.2 

39.0 

3                      ^ 

L2 

6.5 

9.1 

18.2 

30.5 

45.0 

66.0 

3H                  ^ 

L8 

7.3 

10.6 

20.0 

33.7 

51.0 

72.0 

4                      t 

5.4 

8.2 

12.0 

22.9 

37.0 

57.0 

78.0 

45-^                  ( 

5.0 

9.0 

13.0 

25.8 

40.2 

62.0 

85.0 

5                      ( 

5.6 

9.9 

14.0 

27.5 

43.5 

67.0 

92.0 

5>2 

10.8 

15.0 

30.3 

47.0 

72.0 

100.0 

G 

11.7 

16.0 

32.0 

50.0 

77.0 

107.0 

7 

■    .    .    .    • 

■   «   •    • 

36.5 

57.8 

87.0 

122.0 

8 

•   •    •    • 

•    •    *   • 

41.0 

04. 7 

97.0 

137.0 

9 

•    ■    ■    ■ 

•    ■    •    > 

45.5 

72.0 

107.0 

152.0 

10 

•    •    •    ■ 

•    .    •    . 

50.0 

79.2 

117.0 

167.0 

11 

1    ■    • 

•    •    •    » 

•    •    ■    • 

54.5                   86.5 

127.0 

180.0 

12 

•   •   *    • 

•    •    *    * 

59.0                   04.0 

137.0 

191.0 
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Table  14. — Machine  Bolts* 


LeQKtb 
(Inchre) 

Diameter  (inches) 

M 

Ke 

H 

He 

H 

H 

H 

K 

1 

18 

Threads  per  inch 

20 

16 

1 
14 

13 

11 

10 

9 

8 

Weight  in  pounds  of  100  bolts  with  square  heads  and  nuts 

H 

2.4 

4.4 

6.9 

10.4 

1 

2.8 

4.0 

1  7.6 

11.5 

16.3 

IH 

3.1 

5.5 

8.4 

12.5 

17.7 

31.7 

52.2 

IH 

3.4 

6.0 

9.2 

13.6 

19.1 

33.8 

55.3 

83.4 

2 

4.1 

7.1 

10.8 

15.7 

21.8 

38.1 

61.5 

91.8 

129.0 

2H 

4.8 

8.2 

12.3 

17.8 

24.6 

42.4 

67.7 

99.7 

140.1 

3 

5.5 

0.2 

13.8 

19.9 

27.4 

46.7 

73.9 

108.1 

151.1 

3H 

6.2 

10.3 

15.3 

21.8 

29.8 

51.0 

80.1 

116.6 

162.2 

4 

6.9 

11.4 

16.9 

24.0 

32.6 

55.4 

86.3 

125.0 

173.2 

4H 

7.5 

12.4 

18.4 

26.1 

35.4 

59.3 

92.1 

132.9 

182.7 

5 

8.2 

13.5 

19.9 

28.2 

38.1 

63.6 

98.3 

141.3 

193.7 

5H 

8.9 

14.6 

21.5 

30.3 

40.9 

67.9 

104.5 

149.8 

204.8 

6 

9.6 

15.6 

23.0 

32.4 

43.7 

72.3 

110.7 

158.2 

215.8 

W 

10.3 

16.7 

24.6 

34.5 

46.4 

76.6 

116.9 

166.7 

226.9 

7 

11.0 

17.8 

26.1 

36.6 

49.2 

80.9 

123.1 

175.1 

237.9 

7H 

11.7 

18.9 

27.7 

38.8 

51.9 

85.2 

129.4 

183.6 

248.9 

8 

12.4 

20.0 

29.2 

40.9 

54.7 

89.5 

135.6 

192.0 

260.0 

9 

13.7 

22.1 

32.4 

44.9 

60.0 

97.8 

147.5 

208.8 

281.3 

10 

15.1 

24.3 

35.5 

49.1 

65.5 
71.5 

106.4 

160.0 

225.2 

303.3 

11 

16.5 

26.4 

38.6 

53.4 

115.1 

172.4 

242.2 

325.5 

12 

17.9 

28.6 

41.7 

57.6 

76.5 

123.7 

184.8 

259.1 

347.6 

13 

19.3 

30.7 

44.8 

61.8 

82.0 

132.0 

197.2 

276.0 

369.6 

14 

20.6 

32.9 

47.9 

66.0 

87.6 

140.6 

209.7 

292.9 

391.7 

15 

22.0 

35.1 

51.0 

70.3 

93.1 

149.2 

222.1 

309.8 

413.8 

16 

23.4 

37.2 

54.1 

74.5 

98.6 

157.9 

234.5 

326.7 

435.9 

17 

24.8 

39.4 

57.2 

78.7 

104.1 

166.5 

246.9 

343.6 

458.0 

18 

26.2 

41.5 

60.3 

82.9 

109.7 

175.1 

259.4 

360.5 

480.1 

19 

27.5 

43.7 

63.4 

87.2 

115.2 

183.7 

271.8 

377.5 

502.2 

20 

28.9 

45.8 

06.5 

91.4 

120.7 

192.4 

284.2 

394.4 

524.3 

21 

30.3 

48.0 

69.6 

95.6 

126.2 

201.0 

296.6 

411.3 

546.4 

22 

31.7 

50.2 

72.7 

99.9 

131.7 

209.6 

309.1 

428.2 

568.4 

23 

33.1 

52.3 

75.8 

104.1 

137.3 

218.3 

321.5 

445.1 

590.5 

24 

34.4 

54.5 

78.9 

108.3 

142.8 

226.9 

333.9 

462.0 

612.6 

25 

35.8 

56.6 

82.1 

112.5 

148.3 

235.5 

346.3 

478.9 

634.7 

26 

37.2 

58.8 

85.2 

116.8 

153.8 

244.1 

358.8 

495.8 

656.8 

27 

38.6 

60.9 

88.3 

121.0 

159.4 

252.8 

371.2 

512.7 

678.9 

28 

40.0 

63.1 

91.4 

125.2 

164.9 

261.4 

383.6 

529.7 

701.0 

29 

41.3 

65.3 

94.5 

129.5 

170.4 

270.0 

396.0 

546.6 

723.1 

30 

42.7 

67.4 

97.6 

133.7 

175.9 

278.7 

408.5 

563.5 

745.2 

*  See  also  table  in  Carnegie  Pocket  Companion. 
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Tabud  15a. — Tensile  Strength  op  Bolts  and  Round  Rods 

WITHOUT  Upset  Ends 

Diameter 

Diameter  of 

■     ■ 

Weight  per 

Strength  of  rod 

of  rod 

root  of 

lin.  ft. 

At  12.500  lb. 

At  15,000  lb. 

At  16.000  IB. 

At  20.000  lb. 

thread 

per  eq.  in. 

per  sq.  in. 

per  sq.  in. 

per  sq.  in. 

H 

0.294 

0.376 

848 

1,018 

1.088 

1.360 

He 

0  344 

0.511 

1,160 

1,393 

1.489 

1.860 

H 

0.400 

0.668 

1,570 

1,884 

2.018 

2.520 

Me 

0.454 

0.845 

2,022 

2,427 

2.590 

3.240 

H 

0.507 

1.043 

2,524 

3.030 

3.230 

4.040 

H 

0.620 

1.502 

3,780 

4.530 

4.830 

6.040 

H 

0  731 

2.044 

5,250 

6.300 

6,720 

8,400 

1 

0.837 

2.670 

6,880 

8.240 

8,800 

11.000 

IH 

0.940 

3.380 

8.670 

10,420 

11,100 

13.880 

IK 

1.065 

4.170 

11,170 

13.420 

14.280 

17.860 

IH 

1.160 

5.050 

13,220 

15,860 

16.900 

21.140 

IH 

1.284 

6.010 

16.190 

19.420 

20.700 

25.900 

m 

1.389 

7.050 

18,930 

22.720 

24.200 

30.300 

IK 

1.490 

8.180 

21,880 

26.170 

27.900 

34.880 

1^ 

1.616 

9.390 

25,600 

30.720 

32.800 

40.960 

2 

1.712 

10.680 

28.800 

34,550 

36.800 

46.040 

2K 

1.962 

13.520 

37.800 

45,350 

48.400 

60.460 

2H 

2.175 

16.690 

46,450 

55,700 

50.400 

74,300 

2K 

2.425 

20  200 

57,750 

69.200 

73.800 

92.380 

3 

2.629 

24.030 

67,800 

81.400 

86,900 

108,560 

Table   156. — Strength  op  Round  Rods  with  Upset  Ends 


Diameter 

Diameter  of 

Weight  per 

Strength  <rf  rod 

of  rod 

upeet 

lin.  ft. 

At  12.500  lb. 

At  15.000  lb. 

At  16.000  lb. 

At  20,000  lb. 

per  sq.  in. 

per  sq.  in. 

per  sq.  in. 

per  sq.  in. 

H 

y^ 

0.668 

2.453 

2,944 

3,135 

3.920 

Me 

H 

0.845 

3.106 

3,727 

3,980 

4.980 

H 

H 

1.043 

3,835 

4.600 

4,910 

6.140 

»He 

I 

1.262 

4.640 

5,560 

6.940 

7,420 

fi 

1 

1.502 

5,520 

6.627 

7,080 

8.840 

»He 

IH 

1.763 

6.490 

7,790 

8.310 

10.380 

H 

IK 

2.044 

7.516 

9.020 

9,630 

12.020 

»Me 

IH 

2.347 

8.630 

10,340 

11.040 

13.800 

1 

IH 

2.670 

9,815 

11,780 

12,560 

15.700 

1  H 

IH 

3.379 

12.425 

14.900 

15,910 

19.880 

1  K 

IH 

4.173 

15.330 

18.400 

19,650 

24.540 

1  H 

IH 

5.049 

18.550 

22.260 

23.750 

29.700 

1  H 

2 

6  008 

22.080 

26.600 

28.300 

35.340 

1  H 

2H 

7.051 

26,910 

31,090 

33.200 

41.480 

1  K 

2H 

8.178 

30.060 

36,070 

38.500 

48.100 

1  H 

2H 

9.388 

34,600 

41.400 

44.200 

65.220 

2 

2H 

10.680 

39,270 

47,130 

50.300 

62.840 

2  H 

2H 

12.060 

44.320 

53,190 

56,700 

70.940 

2  M 

2H 

13.620 

49.700 

59.680 

63,600 

79,520 

2  H 

3 

15.070 

55,370 

66,450 

70.900 

88.600 

2  H 

3H 

16.690 

61,360 

73,620 

78.500 

98.180 

2  H 

3>i 

18.400 

67.600 

81,200 

86,600 

108.240 

2  K 

3H 

20  200 

74,230 

89.080 

95,100 

118.800 

The  safe  working  value  for  common  wire  nails  or  spikes  for  resistance  to  lateral  forces  in 
timber  joints  of  yellow  pine  or  Douglas  fir  may  be  taken  at 

p  =  400(W 
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where  p  —  sale  lateral  reeistance  of  one  nail,  and  d  ••  diameter  of  nail  ia  inches. 

He  working  values  for  the  oommon  sizes  of  nails  ia  accordance  with  thia  formula  are  given 
in  Table  16. 

Taslk  10.— Safii  Workino  Value  for  Lateral  Resistance  or  One  Nail  in  Yellow  Pine 
OB  Dotrai.A9  Fir 

Kh  of  uO M....8d....l0d....l3d....l6d....20d....30d....40d....60d....S0d....80d 

Stnncth  in  poiuid* 63-...  S3 SB 38. . .  .110. . . .  ISS. .  ..IH. . .  .236. . . .  263 -. .  .322. . .  .3M 

All  t«ste  made  on  nailed  joints  indicate  that  the  strength  of  the  joint  is  approximately  the 
8ame  whether  the  nail  be  driven  so  that  the  compression  on  the  timber  is  against  or  across  the 
grain.  The  resistance  of  the  joint  is,  however,  decreased  from  25  to  33M%  i(  the  nails 
are  driven  parallel  to  the  fibers  of  the  timber — far  example,  driving  the  nails  into  the  ends  of  a 
stick  of  timber.  A  joint  in  which  thia  condition  exists  is  a  header  joint,  frequent^  uaed  in  light 
joist  construction. 

When  one  piece  of  timberis  spiked  to  another, 
the  penetration  of  the  nail  into  the  second  timber 
should  not  be  leas  than  one-half  the  length  of  the      E 
nail,  and  should  preferably  be  in  excess  of  this.  E 

The  slip  of  a  nailed  joint  occurs  at  a.  compara-      - 
lively  small  load,  as  may  be  seen  from  an  inapec-      J 
tion  of  the  curve  of  Fig.  112,  which  is  plotted  from 
the  published  results  of  testa  made  by  tiie  Portland 
Bureau  of  Buildings. 

The  elastic  limit  of  a  nail  in  lateral  resistance  '"'p  '"  in^nw 

in  aiiMlry  long  leaf  yellow  pine  occurs  at  a  value 
of  approximately  C  =  7000  in  the  formula,  p  = 
C)P,  and  at  an  average  slip  of  0.028  in.,  as  found  by  Wilson  in  the  tests  of  the  Forest  Service 
(see  reference  in  footnote,  p.  232).  The  Portland  tests  show  higher  values  for  both  elastic 
limit  and  slip  at  elastic  limit. 

112.  Lateral  Resistance  of  Wood  Screws. — llie  lateral  resistance  of  common  wood  screws 
was  investigated  as  thesis  work  by  Kolbirk  and  Bimbaum  at  Cornell  University,'  using  timbers 
of  cypress,  yellow  pine  and  red  oak.  From  the  results  of  these  teats,  the  following  formula  for 
the  safe  lateral  resistance  may  be  used  for  yellow  pine  and  Douglas  fir: 

p  =  iaTSd" 

Table  17  gives  the  safe  working  values  in  terms  of  g^e  numbers.  In  giving  these  values 
the  assumption  is  made  that  the  screw  is  imbedded  in  the  second  or  m^n  piece  of  timber  ap- 
proximately ^0  the  length  of  the  screw. 

Table  I7.~^Ara  Latbral  Resistance  op  Common  Wood  Screws  with  Yellow  Pine  ano 
DoDGLAS  Fir 
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113.  Lateral  Resistance  of  Lag  Screws. — Two  typical  cases  of  joints  may  be  made:  (1) 
boards  or  planks  screwed  to  a  timber  block,  and  (2)  a  metal  plate  screwed  to  a  block  of  timber. 
The  writer  made  a  series  of  tests  on  both  types  of  joint.*  From  the  results  of  these  tests,  and 
also  from  a  theoretical  consideration  of  the  probable  distribution  of  pressures  of  lag  screw 
against  timber  and  resultant  bending  moments  in  the  lag  screw,  the  following  values  for  lag 
screws  in  lateral  shear  and  bending  are  recommended : 

Safe  Lateral  Resistance  of  One  Lag  Screw 

Metal  plato  lagged  to  timber f^  X  4>$-iii.  lag  screw 1030  lb. 

H  X  5     -in.  lag  screw 1200  lb. 

Timber  plaiiking  lagged  to  timber $4  X  4H-in.  lag  screw 900  lb. 

Ji  X  5     -in.  lag  screw 1050  lb. 


114.  Lateral  Resistance  of  Bolts. —  In  a  typical  detail  of  wooden  joint,  such  as  is  illustrated 
in  Fig.  113,  a  number  of  assumptions  may  be  made  as  to  the  distribution  of  the  bearing  pressure 
of  the  bolt  against  the  timber.  Since  as  many  different  bending  moments  will  obtain  as  as- 
sumptions of  distribution  of  pressure  are  made,  the  resultant  computed  resistance  of  bolt  to 
resist  relative  moment  of  the  timbers  will  vary  accordingly.  Two  assumptions  will  be  consid- 
ered here:  (1)  a  uniform  distribution  of  bearing 
pressures,  and  (2)  triangular  distribution  of 
bearing  pressures. 

(1)  Uniform  Distribution  of  Bearing  Pres- 
sures.— With  this  assumption,  the  bending  mo- 
ment in  the  bolt  will  be 


FlQ. 


113. — Typical  bolted  joint— bolto  in  "double 

shear." 


M  =  yiP{t'/2  -h  ^74) 


where  If  =  thickness  of  splice  pad,  and  V  =  thickness  of  main  timber.  Under  this  assumption, 
the  greater  the  thickness  of  side  pieces  ('  (see  Fig.  113),  the  larger  diameter  of  bolt  required. 
Table  18  gives  the  resisting  moments  of  one  bolt  in  flexure  at  various  fiber  stresses,  varying 
from  12,000  to  24,000  lb.  per  sq.  in. 

The  working  values  of  bolts  for  typical  timber  joints,  as  found  by  this  method  are  very  low, 
especially  for  joints  with  thick  splice  pads.  Hundreds  of  such  joints  are  giving  service  in  which 
the  bolts  are  working  at  more  than  the  ultimate  stresses  as  computed  l)y  this  method. 

Bolts  are  usually  driven  with  a  tight  fit  in  the  holes  and  when  such  a  condition  exists,  the 
pressure  of  the  bolt  on  the  timber  is  not  uniform  along  the  length  of  bolt,  as  has  been  determined 
by  tests,  and  therefore  the  preceding  value  of  bending  moment  on  the  bolt  is  incorrect. 


Table  18. — Resisting  Moments  of  Bolts 


Siaeof 
bolt 

Section 
modiiluB 

Fiber  stresses  (pounds  per  square  inch) 

12,000 

16.000 

20,000 

22.500 

24,000 

H 
H 
H 
I 

m 
1% 

IH 
IH 
VA 
2 

0.0230 

0.0414 

0 .0656 

0.0982 

0.140 

0.191 

0.256 

0.331 

0.421 

0.525 

0.646 

0.785 

285 
495 
785 
1180 
1680 
2290 
3060 
3970 
5050 
6300 
7750 
9420 

380 

660 

1.050 

1,570 

2.240 

3.055 

4,080 

5.295 

6,735 

8.400 

10,335 

12.560 

480 

830 

1.310 

1,960 

2.800 

3.820 

5,100 

6,620 

8,420 

10.500 

12.920 

15.700 

540 

930 

1,475 

2.205 

3,150 

4.300 

5,735 

7,445 

9.470 

11,810 

14,535 

17,660 

575 

995 

1.575 

2,360 

3.360 

4,585 

6,120 

7,945 

10.105 

12.600 

15.505 

18,840 

»  Eng.  News,  vol.  76,  No.  3.  July  20;  No.  4,  July  27,  and  No.  17,  Oct.  26,  1916. 
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The  followisg  method'  U  proposed  as  offering  a  aatisfactory  method  of  computuig  the 
strength  of  Buch  bolt  jointa: 

(2)  TriaTiffular  DUtribiiiion  of  Bearing  Pretture  on  Bollt. — The  assumptiona  of  this  article 
are  illustrated  in  Fig.  114  and  are  the  leault  of  a  study  of  a  series  of  teste  of  bolted  joints  made 
by  the  writer.'  Hie  theory  of  bearing  pressures  may  be  stated  thus:  It  is  assumed  that  the  dis- 
tribution of  load  on  the  bolt  is  triangular  in  shape;  that  the  unit  pressure  (pounds  per  hnear 
inch  of  bolt)  is  a  maximum  at  the  contact  faces  of  the  timbeia,  in  amount  equal  to  the  strength 
of  the  timber  in  bearing,*  and  of  approximately  the  distribution  for  the  typical  case,  as  shown 
in  Fig.  114.  It  is  also  assumed  that  in  the  joint  of  Fig.  114,  there  is  a  definite  minimum  length 
"  m, "  such  that  the  moment  resulting  from  the  load  on  this  length  of  bolt  will  just  equal  the 
flexunil  strength  of  the  bolt.  P\irther,  it  is  assumed  that  in  joints  where  the  thickness  of  side 
timber  is  less  than  the  Umiting  value  "m"  the  pressure  distribution  diagram,  wliile  maintaining 
the  general  triangular  shape,  is  modified  in  respect  to  the  relative  dimensions  "a"  and  "h" 
{Rg.  114)  within  thelimitsa  -  oand  a  =  C/3,  and  that  the  ratio  a/I'  remains  such  that  the 
resulting  bending  moment  in  the  bolt  bears  the  same  relation  to  the  flexurol  strength  of  the 
bolt  as  the  nuudmum  intensity  of  pressure  on  the  timber  bears  to  the  unit  strength  of  the  tim- 
ber in  compression.  The  above  theory  assumes  that  the  ratio  of  thickness  of  timber  to  diam- 
eter of  bolts  is  comparatively  laiige.     As  the  ratio  of  diameter  of  bolt  to  thicknesB  of  splice 


,ffiJTj4     J 


Kv\a 


Fio.  115. 


^ 


n 


^^^ 


pad  increases,  the  pressure  distribution  diagram  on  the  length  of  bolt  within  the  splice  pad  is 
awumed  to  change  from  a  triangular  shape  (Fig.  114)  through  a  trapezoidal  shape  (Rg.  115) 
until  the  limiting  case  is  reached,  with  a  short  thick  bolt  of  uniform  distribution  of  pressure 
along  the  length  of  bolt  (Fig.  116). 

For  the  case  illustrated  in  Hg.  114  there  ar«  two  equal  m&ximum  bending  moment  in  the 
bolt,  occurring  at  points  of  lero  shear.  With  the  assumption  that  beyond  a  minimum  value  of 
f  or  width  of  spUce  pad,  the  strength  of  joint  ia  independent  of  the  length  of  bolt,  the  length, 
for  which  the  strength  of  the  bolt  in  flexure  is  equal  to  the  safe  load  on  the  bolt  as'  determined 
from  the  compression  on  the  limber,  may  be  detennined  by  equating  the  bending  moment  re- 
sulting from  such  load  to  the  resisting  moment  of  the  bolt. 
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where  M  "»  bending  moment  on  bolt  in  inch  pounds. 

p  a  maximum  allowable  unit  bearing  stress  of  bolt  against  timber. 

/  »  maximum  allowable  flexural  unit  stress  in  bolt. 

If  tB  thickness  of  splice  pad. 

d  B  diameter  of  bolt  in  inches. 

m  »  length  of  portion  of  bolt  on  which  pressure  exists. 
Using  the  same  notation,  when  m  is  less  than  t\  the  theory  assiuies  that  the  ratio  of  the 
dimensions  a  and  h  changes,  within  the  limits  a  =  o  and  a  =  t'/Zj  to  the  end  that  the  greatest 
strength  of  joint  is  obtained  with  the  provision  that  the  capacity  of  the  bolt  in  bending  and  the 
timber  in  compression  is  maintained  simultaneously.  For  these  cases  the  bending  moment 
may  be  expressed  by  the  general  formula  M  =  Ct**,  and  the  total  load  on  the  joint  by  the 
general  formula  P  =  Kf.  In  these  formulas,  M  =  moment  on  bolt  in  inch  pounds,  tf  «■  width 
of  splice  pad  in  inches,  and  C  and  K  are  factors  to  be  obtained  from  Diagram  1. 

Table  19  shows  the  relation  of  C  and  K  to  varying  ratios  of  a/t;  for  a  bolt  of  1-in.  diameter, 
for  the  case  of  a  triangular  pressure  diagram. 


Ratio 
a/tf 

0 
H 
H 
H 


Table  19 
C 

433 

266 

163 

48 

Diagram  1. 

Slip  In  inches 


K 

1300 

1040 

866 

650 


400 


a 


300 


2O0 


100 


'^^.^ 
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rrh-  4  -^A 

-A      %- 

i       N-— 

^         N 

V'^           ^ 

\ 

1250 


1000  Y 
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750  'T 
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^ 
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Values  of  % 


OAO 


0.50 


Diagram  1  shows  the  above  variation  of  C  and  K  with  the  ratios  a/i\  for  a  1-in  bolt.  By 
means  of  this  diagram,  the  safe  strength  of  a  bolt  in  double  shear  for  any  thickness  of  splice  pad 
may  be  found.  The  diagram  b  based  on  the  values,  p  =  1300  lb.  per  sq.  in.  for  the  safe  pres- 
sure in  end  bearing  of  the  diametral  section  of  the  bolt  in  timber,  and  /  »  16,000  lb.  per  sq.  in. 
for  bolts. 

niustratiTe  Problem. — Given  a  joint  with  6-in.  center  timber,  and  two  3-in.  splice  pads,  bolted  with  H*u^ 
bolts.  What  is  the  safe  stren^h  of  one  bolt,  allowing  a  maximum  unit  compression  against  ends  of  fibers  of  timber 
and  a  maximum  flexural  stress  of  16,000  lb.  per  sq.  in.  in  the  bolt? 

From  Table  18  the  safe  resisting  moment  of  a  ^-in.  bolt  at  16,000  lb.  per  sq.  in.  is  1050  in.-lb.     Since  Diaci'ani 

1050 
1  is  for  a  bolt  of  1-in.  diameter,  the  equivalent  moment  for  entering  the  diagram  Is  Qg^s  "*  1200  ln.4b. 
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From  the  equation  M  «  Cf*,  C  « 


1200 
9 


-  133.3. 


Snterinc  the  diagram,  a  vertical  line  through  the  point  on  the  daah  and  dot "  C"  curve  for  the  value  C  i-  133.3, 
intttrseota  the  full  line  "  JT"  curve  at  a  point  giving  K  i-  810  lb.  Remembering  that  this  value  is  for  the  case  of  a 
1-in.  bolt,  the  safe  load  for  a  ^-in.  bolt  is 


P  -  ^  JTf'  -  (| )  (810)(3)  -  2130  lb. 


For  the  cases  in  which  the  pressure  distribution  on  the  bolt  is  trapezoidal,  as  in  Fig.  115, 
Table  20  gives  the  values  of  C  and  K,  in  the  formulas  M  -  C{i'y  and  P  =  Kt*,  respectively,  for 
various  ratios  of  the  minimum  unit  pressure  to  the  maximum  unit  pressures,  all  for  a  bolt  of 
1-in.  diameter. 

Table  20 

Ratio 

l//p  C  K 

0  433  050 
H  650  812 
H  867  975 
M  1084  1138 

1  1300  1300 

DlAQRAM  2. 

Diagram  voa  Finding  Savb  Loads  on  a  Boltbd  Joint — Bolt  in  "  Doubub  Shxab.*'    Diaobau  Drawn  vor 

1-iN.  Boi/r. 


•1300 


26O0 


0.60  OAO 

Values  of -^ 


020 


Diagnun  2  gives  the  curves  of  these  formulas  for  the  trapezoidal  distribution  of  pressure, 
for  a  bolt  1  in.  in  diameter.    These  curves  are  to  be  used  exactly  as  those  of  Diagram  1. 

Ulttstratlve  Problem. — Given  a  joint  of  yellow  pine  timber  with  5H-iQ>  center,  and  two  2H-i°*  spliced  pads, 
bolted  with  IH-in-  bolts.     What  is  the  safe  strength  of  one  bolt  in  lateral  resistance? 

From  Table  18,  the  safe  resisting  moment  of  a  \yi-'m.  bolt  at  16,000  lb.  per  sq.  in.  is  6296  in.-lb.     To  enter 
2,  which  is  drawn  for  a  l*in.  bolt,  the  value  of  6295  must  be  divided  by  1H«     The  equivalent  moment  is 
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eorve  P  -  Kf,  comapDDilint 
IK-in.  bolt  ii 

P  -  (lM0)(2Ji)a>i)  -Bflaslb. 

The  TaluBe  of  Table  21  have  been  worked  from  the  preceeding  theory  by  n 
Diagrams  1  and  2. 

Table  21. — Value  of  One  Bolt  in  Double  Shear 


TUcknau  lide  tiabtn  (inchei) 

Bolt 

2                                3                I                4                1                5                1                e 

Thicknsn  centar  timbsro 

indbM) 

* 

e 

g 

10 

" 

H 

1060 

1296 

M65 

1465 

1405 

H 

H 

IflZG 

3135 

2476 

3480 

3000 

3380 

3700 

IH 

4025 

4620 

IK 

3916 

3M0 

4240 

m 

4oeo 

4B5S 

6415 

6B70 

IH 

S8S0 

B670 

6790 

824S 

6700 

p.o. 
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Mjiximum  inteiiBity  gf  baorins  preHHUre  od  w 
BfttriujE  OD  wood,  average  on  dlAmctra]  aecti< 
BMt  ia  Singlt  £&«i-.— The  safe  voluei  of  bolt 

hkU  the  viJuea  of  T&ble  21, 
Bailt  Bearing  Arrou  Ihi  Orain  0/  Timber. — Fo 


"nnfleBhou"  may  beta 


Table  21. 
Matal  Plala  BolUd  to  Timbtr.^Tbe  values  of  Tab 
to  Umber:  in  otbn  wonla,  a  at«el  flab  pliCe  joioC.  pri 
loada  ai  dst«miaBd  by  beitrint  oi  tbe  plaU  on  the  bol 

lie.  RsBtsUnce  to  With- 
drawal of  Nails,  Spikes,  Screws, 
and  Drift  Bolts. — Tbe  resistance 
of  nails,  spikes,  screws  and  drift 
bolts  to  withdrawal  from  timber 
is  a  function  of  the  surface  area 
of  contact  between  metal  and 
timber,  and  the  unit  resistance 
to  withdrawal.  Expri 
algebrttically, 

P  -  AC 

P  =  total  pounds  required  to  move  the  spike,  screw,  or  drift  bolt. 
A  =  surface  of  contact  between  metal  and  wood. 
C  =  unit  resistance  to  withdrawal. 

The  value  of  C  depends  upon  the  kind,  quality,  and  condition  of 
timber,  condition  of  surface  of  nail,  screw,  or  drift  bolt,  size  of  hole  in 
which  nail,  screw,  or  bolt  may  have  been  driven  or  screwed,  and  direc- 
tion of  fibers  of  timber  with  reference  to  length  of  nail,  Hpike,  screw,  or 
Fio.  Iia.-^alle«bleiron  drift  bolt.  For  practical  purposes,  Cis  a  quantity  determined  solely  by 
experiment.  Ultimate  values  for  C  for  wire  and  cut  nails,  boat  spikes, 
and  drift  bolts  are  given  in  Table  22.     These  values  are  taken  from  a  study  of  the  n 
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.  tests  that  have  been  made.     The  values  for  resistance  to  withdrawal  as  found  by  the  tests 
vary  so  widely  that,  for  safe  working  values,  a  safety  f £u;tor  of  four  should  be 
used. 

116.  Washers. — ^For  the  more  common  timbers  employed  in  building  con- 
struction, the  resistance  to  crushing  across  the  grain  of  the  timber  is  much 
smaller  than  resistance  to  end  crushing.  For  this  reason  it  is  necessary  to 
use  washers  under  heads  and  nuts  of  bolts  in  timber  construction  to  prevent 

the  nuts  and  head  from  crushing  into  the  timber  when  the  cire«3ar  ^^  ~~ 
nuts  are  tightened^  and  also  when  the  bolts  take  their  assumed  s  •  d  steel 
stresses. 

There  are  five  types  of  washers  used  in  timber  construction:  (1)  cast-iron 
O.G.  washers,  (2)  cast-iron  ribbed  washers,  (3)  malleable  iron  washers,  (4) 
circular  pressed  steel  washers,  and  (5)  square  plate  washers. 


rtl^jIatewMhei^  '^^^^^     22. — UmIMATB    RsSISTANCe    TO    WITHDRAWAL    OP    WntB    AND    CuT 

Nails,  Wood  Screws,  Lag  Screws,  Boat  Spikes  and  Dmvr  Bolts 

(All  Quantities  Expressed  in  Pounds  per  Square  Inch  of  Contact  Between  Metal  and  Timber) 


YeUow 
pine 

Douglas 
fir 

White 
pine 

White 
oak 

Redwood 

Cut  nails* 

600 
300 
300 
250 
1500 
800 
500 
370 
400 
200 

500 
300 
300 
250 
1500 
800 
500 
370 
400 
200 

300 
275 
170 
100 
900 
5^ 
270 
200 
240 
120 

1200 

1000 

900 

800 

2200 

1200 

•    1000 

750 

600 

300 

300 
150 
300 
200 
900 

Cut  nails* 

Wire  nails* 

Wire  nails* 

Wood  screws 

Jj94^  screws 

Boat  spikes' 

Boat  spikes^ 

Drift  bolts* 

Drift  bolts* 

*  Driven  perpendicular  to  grain  of  timber. 

*  Driven  parallel  to  grain  of  timber. 

*  Edge  c^  point  parallel  to  grain  of  timber. 

*  Edge  of  point  across  grain  of  timber. 

*  Driven  in  holes  H«  to  3^  in.  less  in  diameter  than  drift  bolt. 

For  cases  m  which  the  axis  of  bolt  is  inclined  to  the  bearing  surface  of  the  timber,  bevelled  cast- 
iron  washers  may  be  employed  (see  Fig.  122  and  Table  28).     The  five  types  of  washers  men- 
tioned are  illustrated  in  Figs.  117  to  121  inclusive  and  Tables  23 
to  27  inclusive  give  detailed  dimensions. 

•  In  the  case  of  bolts  acting  wholly  in  tension  there  can  be  no 
question  of  the  necessity  of  washers.  Washers  should  be  properly 
designed,  both  for  strength  and  stiffness,  and  of  proper  size  to 
limit  the  bearing  pressure  on  the  timber  to  the  safe  working  value. 
For  Douglas  fir  or  yellow  pine  either  the  square  plate  washers, 
ribbed  cast-iron,  or  cast-iron  O.G.  washers  of  equivalent  area 
should  be  used.  Attention  is  called  to  the  fact  that  in  the 
malleable  washer,  the  full  area  of  the  base  of  washer  is  not  available 
for  bearing.  For  example,  the  ^-in.  malleable  washer  has  an 
actual  bearing  area  of  about  4  sq.  in.,  or  an  actual  efficiency  of 
approximately  60%  of  its  nominal  area.  Even  the  cast-iron  O.G. 
washers  of  Table  23  stress  the  timber  to  approximately  760  lb.  per 
sq.  in.,  for  a  unit  stress  of  16,000  lb.  per  sq.  in.  in  the  rod. 

When  the  holt  acts  wholly  in  shear  and  bending,  smaller  washers,  such  as  the  malleable 
washers,  are  permissible,  though  not  necessarily  advisable.  In  such  instances  it  is  often  practi- 
cally certain  that  the  timber  will  shrink,  and  that  the  washers  will  never  be  tightened,  and  for 


FlQ. 


122.--Bevelled 
washer. 


cast-iron 
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this  reason  the  use  of  malleable  washers  may  be  justified,  in  order  to  save  expense.  On  the 
other  hand,  when  there  is  a  chance  that  some  maintenance  work  may  be  coimted  upon  in  the 
shape  of  washer  tightening,  good  construction  will  prescribe  either  a  special  cast-iron  washer 
or  a  square  plate  washer,  sufficient  in  size  to  meet  the  capacity  of  the  bolt  in  tension. 

In  order  to  avoid  special  washers,  malleable  washers  of  larger  sise  than  the  nominal  size  for 
the  bolt  used  are  sometimes  specified.  Such  a  procedure  is  imwise  for  two  reasons:  (1)  the 
holes  in  the  larger  washer  are  of  such  diameter  with  respect  to  the  diameter  of  the  head  and  nut 
of  the  bolt,  that  a  poor  bearing  between  head  or  nut  and  washer  results;  and  (2)  the  carpenter 
will  invariably  put  stock  sizes  of  washers  and  bolts  together  if  there  is  a  chance  to  do  so. 

The  circular  cut  or  pressed  steel  washer  should  never  be  used  in  timber  construction,  except 
between  metal  and  metal. 

The  selection  of  a  washer  as  between  a  special  size  O.G.,  ribbed  cast-iron,  or  a  square  steel 
plate  washer,  will  depend  on  the  relative  prices  of  cast  iron  and  steel,  availability  of  foundry  and 
steel  shops,  and  size  of  jobs.  When  large  size  washers  are  required  and  the  job  is  a  small  one, 
the  square  plate  washer  will  usually  be  found  cheapest. 

No  square  plate  washer  should  have  a  thickness  less  than  one-half  the  diameter  of  bolt. 
A  good  rule  is  to  add  )^6  ii^*  to  the  thickness  thus  found. 

When  the  center  line  of  bolt  or  rod  is  not  normal  to  the  bearing  face  of  the  timber,  the 
timber  must  be  notched,  or  a  bevelled  washer  used.    If  the  section  of  timber  is  ample,  a  notch 

Table  23. — Washers — O.G.  Cast-ibon 


SUe  of  bolt  (inohee) 

Weight  per   100  lb. 

Diameter  (inches) 

Thickness  (inches) 

Area  (square  inches) 

H 

* 

86 

2yi 

H 

3.78 

H 

76 

3 

H 

6.76 

H 

100 

3>i 

H 

7.86 

H 

145 

SH 

»He 

9.02 

1 

185 

4 

H 

11.79 

IH 

285 

4H 

IH 

14  91 

IH 

375 

5 

IH 

18.41 

IH 

600 

6 

IH 

26.50 

Table  24. — Washers — Cast-Ibon  Ribbed 

(See  Fig.  118) 


6iM  bolt 

Sise  upset 

a 

h 

c 

d 

h 

t 

Shape 
base 

No. 
ribs 

Weight 

H       ■• 

Not  upset 

H 

iHs 

H 

3H 

H 

H 

C 

6 

0.66 

H 

Not  upset 

% 

IH 

Ks 

4 

1 

>4 

C 

6 

1.10 

H 

Not  upset 

1 

2H 

He 

4H 

IH 

H 

C 

6 

1.80 

H 

1 

IH 

2H 

H 

5H 

IH 

H 

C 

6 

2.79 

^He 

IH 

IH 

2H 

Va 

6H 

iHe 

H 

C 

6 

3.29 

H 

IH 

IH 

3 

He 

6H 

IHe 

Me 

C 

7 

5.30 

1 

IH 

IH 

3H 

H« 

7 

iHe 

Me 

C 

7 

6.34 

IH 

IH 

IH 

3H 

H 

7H 

l^He 

H 

C 

7 

9.04 

IH 

IH 

IH 

3H 

H 

8H 

I'He 

H 

C 

7 

11.30 

IH 

IH 

IH 

4 

H 

9H 

2H 

H 

C 

7 

13.59 

iHs 

IH 

2 

4H 

He 

10 

2H 

He 

C 

8 

18.66 

IH 

2 

2H 

4H 

He 

lOH 

2He 

He 

C 

8 

20.30 

IH 

2H 

2>i 

4H 

H 

llH 

2H 

H 

C 

8 

25.99 

1^ 

2>i 

2H 

5H 

H 

12H 

2H 

H 

C 

8 

30.62 

VA 

2H 

2H 

5H 

H 

llH 

4H 

H 

Sq. 

8 

48.23 

2 

2H 

2H 

5H 

n 

12 

5H 

H 

Sq. 

8 

69.32 
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is  the  cheapest  detail.  The  pressure  of  the  washer  against  the  timber  is  then  inclined  to  the 
direction  of  fibers,  and,  consequently,  a  higher  unit  bearing  pressure  may  be  used,  in  accordance 
with  the  formula  and  values  of  Art.  118. 

For  the  larger  size  of  bolts  and  rods,  notching  the  timber  sufficiently  to  provide  the  required 
area  for  bearing  may  cut  the  stick  beyond  the  safe  limit.  In  such  a  case,  either  a  combination 
of  a  flat  washer  with  a  smaller  cast-iron  bevelled  washer  may  be  used,  or  a  special  cast-iron 
bevelled  washer  may  be  designed.  The  latter  solution  is  much  the  better  of  the  two.  If  this 
washer  be  made  square  or  rectangular,  the  component  of  the  stress  in  the  rod  parallel  to  the  i&ce 
of  the  timber  may  be  taken  care  of  by  setting  the  washer  into  the  timber.  In  the  former  case, 
this  component  wiU  produce  bending  in  the  rod  or  bolt. 


Tablb  25. — Washbbs — Malleablb  Ibon 


ffiM  oi  bolt  (inches) 

Weight  per  100  washers 

Diameter  (inohes) 

Thioknesa  (inohes) 

H 

15 

2H 

H 

H 

22 

2H 

Me 

H 

33 

3 

Ka 

H 

50 

3H 

Ka 

1 

68 

4 

H 

IH 

87 

4H 

H 

IH 

150 

5 

H 

IH 

190 

6 

H 

2 

420 

7H 

H 

Table  26.' — Washers — Wbought-iron 


Sise  of  boH  (inches) 

No.  in  1001b. 

Diameter 
(Inohea) 

8iae  of  hole 
(inchea) 

Gage 

■ 

!       Thickness 
(inches) 

Ha 

39.400 

Me 

;      H 

18 

0.05 

H 

15,600 

H 

Ma 

16 

0.063 

Ma 

11,260 

U 

H 

16 

0.063 

H 

6.800 

1 

Ha 

14 

0.078 

Ha 

4.300 

m 

H 

14 

0.078 

H 

2.600 

IM 

Hi 

12 

0.125 

Ma  • 

2,250 

IH 

H 

12 

0  125 

M 

1,300 

IM 

»Ha 

10 

0.125 

M 

970 

2 

^Ma 

9 

0.156 

H 

828 

2H 

»Ma 

8 

0.172 

1 

600 

2H 

IHa 

8 

0.172 

IH 

500 

2H 

l>i 

8 

0.172 

IH 

384 

3 

IM 

8 

0.172 

IM 

288 

3H 

IH 

7 

0.189 

iH 

267 

3H 

IH 

7 

0.180 

IM 

230 

3M 

IH 

7 

0.189 

IM 

206 

4 

IH 

7 

0.189 

IH 

182 

*yi 

2 

7 

0  189 

2 

168 

4H 

2H 

7 

0  189 

2H 

122 

4« 

2M 

5 

0  219 

2H 

106 

5 

2M 

-4 

0.234 
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Table  27. — Washbrs — Squake  Steel  Plate 


Unit  Bearine  Preaaure — 360  lb.  ocr  bq.  in. 

Unit  Tension  in  Bolt  or  Rod — 16,000  lb.  per  sq.  in. 

Diameter  of  bolt  or  rod 

Diameter  of  upset 

Side  of  square  washer 

Thickness  of  washer 

H 

Not  upset 

3H 

H 

H- 

Not  upset 

4 

Ke 

H 

Not  upset 

4H 

H 

H 

1  in. 

4H 

He 

»He 

IH 

5 

H 

H 

IH 

6H 

»Ke 

1 

IH 

6H 

M 

IH 

IH 

7 

»He 

IH 

IH 

7K 

H 

IH 

IH 

8H 

»Ms 

IH 

2 

9K 

1H« 

Table  28. — Washebs — Cast-iron  Beveled 


Siserod 

a 

b 

c 

d 

« 

e 

H 

H 

3H 

iH 

4 

H 

H 

H 

1 

4H 

2 

4H 

H 

1 

1 

IH 

4H 

2H 

6H 

H 

IH 

IH 

IH 

6H 

2H 

6 

1 

IH 

IH 

IH 

6H 

2^i 

6H 

1 

IH 

117.  Resistance  of  Timber  to  Pressure  from  a  Cylindrical  Metal  Pin. — When  a  pin, 
bolt,  etc.  of  circular  cross-section  bears  against  the  ends  of  the  fibers,  the  load  on  the  pin  is 
resisted  by  pressure  of  the  timber  against  the  metal,  and  such  differential  pressures  are  always 
normal  to  the  surface  of  the  pin.  The  differential  pressures  may  be  supposed  to  be  replaced,  for 
practical  purposes,  by  two  resultant  reactions,  one  parallel  and  the  other  perpendicular  to  the 
line  of  action  of  the  apphed  force.  The  second  of  these  resultant  reactions  tends  to  split  the 
timber,  since  it  produces  tension  across  the  fibers  of  the  timber.  Consequently,  for  the  case  in 
hand,  the  usual  permissible  imit  bearing  pressure  against  the  ends  of  the  fibers  must  be  reduced. 
Also  the  particular  detail  must  be  investigated  to  make  sure  that  the  tension  across  the  fibers 
due  to  the  cross  pressure  is  within  the  safe  unit  stress  for  the  timber  in  question. 

Tests  and  theoretical  considerations  indicate  that  for  a  round  pin  or  bolt  bearing  against  the 
ends  of  timber,  the  safe  average  unit  bearing  pressure  to  be  applied  to  the  diametral  plane  of  the 
pin  may  be  taken  at  %  the  usual  allowable  compression  against  the  ends  of  timber.  The  resul-' 
tant  secondary  pressure  across  the  fibers  may  be  taken  at  3^o  the  applied  load.  When  the  direc- 
tion of  the  applied  load  is  perpendicular  to  the  direction  of  the  fibers,  the  safe  average  diametral 
pressure  may  be  taken  at  ^{o  of  the  permissible  unit  compression  across  the  fibers. 

For  the  case  of  pins  and  bolts  in  tight  fitting  holes  in  dense  Southern  pine  and  Douglas 
fir,  the  values  of  1300  lb.  per  sq.  in.  for  end  bearing  and  800  lb.  per  sq.  in.  in  cross  bearing  may 
be  used. 

Illustrative  Problem. — What  is  the  safe  load  on  a  IH-ii^*  bolt,  bearing  against  the  ends  of  the  fibers  of  a  6  X 
&-in.  block  of  Douglas  fir,  and  what  is  the  force  tending  to  split  the  block  of  timber? 

The  safe  load  is  IH  X  6  X  1300  «  1950  in.-lb.     The  force  tending  to  split  the  timber  is  1950  X  0.1  ->  195  lb 

118.  Compression  on  Surfaces  Inclined  to  the  Direction  of  Fibers. — The  allowable  in- 
tensity of  pressure  on  timber,  when  the  direction  of  pressure  is  neither  parallel  nor  perpendicular 
to  the  direction  of  fibers,  was  investigated  by  Prof.  M.  A.  Howe  on  specimens  of  yellow  pine, 
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white  pine,  cypress,  white  oak,  and  redwood.*     On  the  basis  of  these  tests,  Prof.  Howe  recom- 
mends the  formula: 

where 

r  =  allowable  normal  unit  stress  on  inclined  surface. 

p  —  allowable  unit  stress  against  ends  of  fibers. 

p  =  allowable  unit  stress  normal  to  direction  of  fibers. 

Using  the  same  notation,  Prof.  Jacoby  in  "Structural  Details"  develops  the  formula: 

r  =^  p  sin*  0  -{■  q  cos*  d. 

Mr.  Russell  Simpson  of  the  University  of  California,  has  recently  made  a  series  of  tests, 
as  thesis  work,  on  the  bearing  values  for  inclined  surfaces  of  Douglas  fir  and  California  white 
pine.  He  finds  that  Jacoby's  formula  gives  results  closely  approximating  the  test  values  at 
the  elastic  limit,  while  Howe's  formula  holds  for  a  constant  indentation  of  0.03  in.  Diagram 
3  gives  the  curves  of  the  formulas  of  Howe  and  Jacoby  for  values  of  p  =  1800  lb.  per  sq.  in., 
q  =  350  lb.  per  sq.  in. ;  and  p  =  1600  lb.  per  sq.  in,,  q  =  300  lb.  per  sq.  in. 

Working  values  for  actual  design  of  timber  joints  involving  bearing  on  surfaces  inclined 
to  the  direction  of  fibers  should  be  based  on  the  elastic  hmit.  The  full  line  curves  of  Jacoby's 
formula  are  therefore  recommended  for  design. 

Diagram  3. 

Diagram  for  Safe  Bearing  Pressure  on  Timber  Surfaces  Inclined  to  Direction 

OF  Fiber. 


300    400    MO  «oa  700    aoo   900    WOO  llOO    ItOO  1300  1400  ROO  MOO  1700  1800 

Values  of  "r"ln  lb.   per  »q.  In. 
Solid  line  curve*  -  Formula*  r»  p  sln*^*<^  sln'^ 
OroKen  iin«  curves-  Formula:   r««j  ♦  (p~^)(^y^ 

119.  Tenaion  Splices. — The  tension  splice  in  timber  building  construction  occurs  usually  in 
the  lower  chord  of  a  roof  truss.  This  detail  is  probably  the  most  troublesome  to  design  and 
frame  efficiently  of  all  timber  joints.  A  detail  that  is  efficient  on  paper  is  often  very  unsatis- 
factory when  viewed  in  the  field.  Any  detail  that  depends  for  its  action  on  the  simultaneous 
bearing  of  more  than  two  contact  faces  is  to  be  avoided  if  possible,  although  it  is  often  impracti- 
cable to  so  limit  the  design.  Again,  that  detail  which  is  so  designed  that  the  bearing  faces  of 
splicing  members  ^md  the  bearing  faces  of  the  spliced  or  midn  timbers  may  be  pulled  together  in 
the  field  after  the  joint  is  framed,  has  a  very  decided  advantage  over  any  other  type  of  tension 
splice.  The  ideal  splice,  just  described,  will  be  found  to  give  a  low  efficiency  when  measured  in 
terms  of  effective  area  of  main  timbers  for  resisting  tension.  However,  in  many  cases,  such  in- 
efficiency may  well  be  allowed,  in  order  to  secure  certain  definite  action  of  splice  joint.  Impor- 
tance of  the  connection,  cost  of  materials,  quality  of  workmanship  to  be  anticipated,  possibility 
of  only  occasional  or  no  inspection  after  completion,  are  all  factors  that  should  be  carefully 
considered  before  deciding  upon  the  particular  type  of  tension  splice  to  be  adopted. 

lEng,  New»t  vol.  68,   No.  6,  and  vol.  68,    No.   10. 
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The  following  types  of  tension  splices  will  be  considered  and  a  detail  joint  of  each  type  de- 
veloped for  a  typical  example : 

(1)  Bolted  wooden  fish  plate  splice.  (2)  Modified  wooden  fish  pUte  splice,  (3)  Bolted  steel  fish  pUte  splice, 
(4)  Tabled  fish  plate  splice,  (5)  Steel  tabled  fish  plate  splice,  (6)  Tenon  bar  splice,  and  (7)  Shear  pin  spHoe. 

It  will  bo  assumed  that  a  6XS>in.  Douglas  fir  stick  must  be  spliced  to  safely  stand  a  total 
stress  of  40,000  lb.  Specifications  of  steel  structures  often  call  for  the  detail  of  splice  to  be  of 
sufficient  strength  to  develop  the  strength  of  the  members.  The  same  specification  may  be 
applied  to  the  timber  joint,  although  it  is  customary  to  design  the  splice  for  the  computed  stress 
in  the  member. 

For  the  case  imder  discussion  the  safe 
working  stress  in  the  timber  for  tension  will 
be  taken  at  1500  lb.  per  sq.  in.     The  re- 

40,000 
1500 
-  26.7  sq.  in. 

119a.  Bolted  Fish  PUte 
Splice. — The  bolted  fish  plate  splice  is 
shown  in  Fig.  123.  The  size  of  bolts  will  be 
computed  in  accordance  with  the  formula 


f^lBggBB4HaBBEmi  FtJ 


quired  net  area  for  tension  is  therefore 


Fio.  123. — Modified  wooden  fish  plate  splice. 


M  =  MP(<72  +  f/A) 


where  P  is  the  total  load  on  one  bolt;  ('  is  the  thickness  of  splice  pad,  or  fish  plate;  and  f"  is 
the  thickness  .of  main  timber  (see  Art.  114).  This  formula  assumes  the  load  on  eistch  bolt  to  be 
imiformly  distributed  along  its  length. 

Assume  \^'\n.  bolts,  and  splice  plates  3  X  8  in.     With  bolts  spaced  in  pairs,  the  net  width  of  splice  plete  wiU 

OA  7 

then  be  8  —  (2)  (1^)  -  4H  in.     The  required  thickness  of  one  plate  is  then  —^  =  2.97,  showing  that  a  3-in. 

thickness  is  sufficient.     Assume  6  bolts  required.     The  load  on  one  bolt  is  then  40,000/6  —  6667  lb.    The  bending 

moment  on  one  bolt  is  (6667/2)0^  X  3  +  K  X  6)  -  10,000  in.-lb.     With  a  flexural  stress  of  24.000  lb.  per  sq.  in., 

the  required  section  modulus  of  one  bolt  •-  10,000/24,000  ■■  0.416  in.,  and  the  required  diameter  of  bolt  -> 

-C^O.416/0.098  -  -^^4126  -  1.62  in. 

AAA7 

The  unit  bearing  pressure  on  the  diametral  section  of  bolt  —  n  625U6^  "  ^^  ^'  P®'  "**•  ^°"  ^^®^  *■  about 
one-half  the  amount  allowed.  The  minimum  distance  between  bolts  must  next  be  computed.  This  distance  will 
be  taken  as  the  sum  of  (a)  computed  distance  necessary  for  shearing  along  the  grain  of  the  timber,  (6)  computed 
distance  giving  required  area  for  transverse  tension,  and  (c)  diameter  of  bolt. 

Total  shearing  area  required 


or  distance  (a). 


150 
44.44 

12 


—  44.44  sq.  in. 


S.7    in. 


0.74  in. 


Area  required  for  transverse  tension — j':  '  '  —  4.44  so.  in. 

150 

or  disUnce  (6) -  ~  -   

6 

Diameter  of  bolt  (c) 1.63  in. 

Minimum  spacing  of  bolts 0,07  Jn, 

The  spacing  of  bolts  will  be  made  6>^  in. 

1196.  Modified  Wooden  Fish  Plate  Splice. — ^In  the  modified  wooden  fish  plate 
splice,  the  size  of  bolts  will  be  reduced  to  1  in.,  and  the  value  of  each  bolt  taken  at  2655  lb., 
in  accordance  with  the  values  of  Table  21,  p.  244. 

The  number  of  bolts  required  is      '  . ,-  •■  15. 

dboo 

14  1-in.  bolts  will  be  used,  giving  a  load  of  2857  lb.  per  bolt. 

Spacing  of  bolts: 

2857 
(a)  Distance  required  for  shear  -.,  -^v-vrxr  ■■ 

(150)(12) 

(6)  Distance  required  for  transverse  tension  —  — , . ,. J.  ;^V—  ■■ 

(150)  (6) 

(c)  Distance  of  bolt ■» 

Spacing  of  bolts  will  be  made  3  in.     The  detail  is  shown  in  Fig.  124. 


1.58  in. 

0.32  in. 

1.00  in. 
2.90  in. 
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119c.  Bolted  Steel  Fish  Plate  Splice.— Fig.  125  shows  a  bolted  steel  fish  plate 
splice.  The  bending  in  the  bolts  is  reduced  from  that  in  the  first  type,  due  to  the  smaUer 
lever  arm.  The  section  of  steel  plate  must  be  sufficient  for  tension,  and  for  bearing  on  the  bolts. 
Otherwise,  the  computations  are  similar  to  those  of  the  bolted  fish  plate  spUce. 

Net  section  of  iteel  plate  —  tttssv  "  2.67  8<i.  in. 

lOfUW 

Assume  two  iH-in-  bolts  in  pairs.    Then  net  width  —  (2)(lKe)  ~  4.875  in.,  and  required  thickness  is 
2.67 

0.28  in.,  requiring  a  He-in-  plate.    Assume  six  bolts.     As  before,  each  bolt  must  take  6667  lb.    The 


(2)  (4.875) 

minimum  diameter  of  bolt  required  with  a  Me-in*  plate  at  15,000  lb.  per  sq.  in.  in  hearing  is  ^  in.     Ai^iiming  « 


♦j^  ^Y  ^V  ^V  ^Y  ^V '^Vr 


3 


Fio.  124. — Bolted  wooden  fish  plate  splice. 


Fig.  125. — Bolted  steel  fish  plate  splice. 


6667> 


uniform  distribution  of  pressure  along  the  length  of  bolt,  the  bending  on  bolt  «  (^o^)  0^XMe  +  KX6)  * 

6520  in.-lb.    At  24,000  lb.  per  sq.  in.,  the  required  diameter  of  bolt  from  Table  18  is  seen  to  be  \%  in. 

6667 
Hie  unit  pressure  of  the  bolt  on  the  ends  of  the  fibers  is  (i  a75U6)  "  ^^^  ^'  ^^  ^'  ^'     "^^  spacing  of  bolts 

may  be  figured  as  bef<H«,  and  will  be  less  than  that  computed  in  the  detail  of  the  bolted  fish  plate  splice  by  the 
differenoe  in  diameter  of  the  bolts.     The  spacing  will  be  made  6  in. 

119<i.  Tabled  Wooden  Fish  Plate  Splice. — The  detail  of  a  tabled  wooden  fish 
plate  si^ce  is  shown  in  Fig.  126.  The  points  to  be  investigated  in  this  detail  are:  (1)  net 
section  of  main  timber  and  splice  pad;  (2)  bearing  between  splice  pad  and  main  timber;  (3) 
length  of  table  of  fish  plate  for  shear;  (4)  tension  in  bolts;  and  (5)  possibility  of  bending  on 
splice  pads  if  bolts  become  loose  because  of  shrinkage  of  timbers. 

Net  section  of  main  timber  required,  as 
before,  26.7  sq.  in. 

Het  section  of  fish  plate  reqxiired,  as 
,_-  40.000  ,,. 

*^*'^'  (2)(1500)  ■  ^^•^^'  *°- 

Allowing  for  two  ^-in.  bolts,  net  depth  of 

Total  bearing  area  required  between  fish 

1  *        J        .    ..    u  40.000       „. 

plate. and  main  tmiber  =»    .^^^^    »  26  sq.  in. 
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1600 
Depth  of  cut  into  main  timber 
1.57  in. 


Fio    126. — Tabled  wooden  fish  plate  splice. 


(8)  (2) 
Depth  will  be  made  1^  in.     It 
win  be  necessary  to  use  an  8  X  8-in.  timber, 
instead  of  a  6  X  8-in.  stick,  with  4  X  8-in.  fish  plates. 
Total  net  depth  of  fish  plate  2>^  in. 

Shearing  area  required  for  table  of  fish  plate  »  tv\\\fx\\  *  ^^^  ^^-  "^*    LeQffth  of  table  ^  -—  s  17  in. 

The  action  of  this  joint  produces  a  bending  moment  in  the  fish  plate  which  must  be  resisted  by  the  bolts.  The 
resultant  stress  in  the  fish  plate  acts  at  the  center  of  the  uncut  portion,  while  the  resultant  of  the  pressure  between 
fish  plate  and  main  timber  is  at  the  center  of  the  table.     This  couple  produces  a  moment,  in  this  case,  of 

(20,000) a^)(2>i  +  IK)  -  40,000  in.-lb. 

The  lever  arm  of  the  bolts  in  the  center  of  the  table  about  the  end  of  table  is  8H  in.     Using  two  bolts,  the  stress  in 

each  bolt  is  /owgX^)  "  2353  lb.    A  H-ii>-  bolt  is  sufficient  for  this  stress,  but  bolts  less  than  ^-in.  diameter  are 

2353 
not  advisable  in  a  timber  joint,     The  required  area  of  washers  is  'ogQ*  ~  6.72  sq.  in.,  ^bich  area  would  be  supplied 

by  a  34n.  oiroular  washer.    The  washers  shown  are  square  steel  y^  X  3^  X  3K  i^' 


:t  -  1110  lb,     ThenuiimumfibsritnB<rDuldtherelarsbe703Stb.  d 
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If  the  Umber  ahould  ahiink  and  the  bolla  runalii  Ioom,  nob  fiih  plats  would  be  lubjeoted  to  ths  lull  bendinB 
Dt  40.000  in.-lb..  eiMPt  u  the  IriotioD  of  the  endi  of  the  table  againat  the  maio  timber  might  reduce  such  bendjna. 
The  aMtiOD  modulua  of  the  net  lection  of  Gab  plate  ii  (>«)(S)I2>1)>  -  0.75  (correct  for  two  bolta).  The  extreme 
fiber  etrau  due  to  bendici  would  then  be  ^-^  -  SBSS  lb.  per  uq.  in.     To  thie  atreea  must  be  addad  the  uniform 

.     _,,      .  ....      20,000 

"■^  -treee.  wlueh  ,.  ^^^^  - 
amount  Dearly  equal  to  the  ultimate  atrength  of  the  timber.  For  thia  reaaon,  the  joint  ihould  be  well  apilied  to- 
gether, and  in  partiuular  the  Sih  plate  ahould  ectend  at  either  end  beyond  the  table,  to  allow  a  namber  of  apikc*  to 
be  driven  hare.  If  the  out  at  the  endi  o[  the  tablea  be  made  with  a  bevel  towarda  the  center  of  the  jobt.  the  aamc 
result  will  be  obtained . 

lUe.  Steel-tabled  Fish  Plate  Splice. — The  moat  economical  and  practical 
detail  of  the  steel-tabled  fiah  plate  splice  consists  of  steel  splice  plates  with  steel  tables  riveted 
t«  the  plates,  as  shown  in  Fig.  137.  The  points  to  be  investigated  are:  (I)  necessary  net  area 
of  plate  to  resist  tension;  1,2)  required  thickness  of  tables  to  keep  the  bearing  of  tables  against 
■  theendsof  the  fibere  of  the  timber  within  the  safe  working  atresses;  (3)  number  of  rivets  between 
tabl^  and  fish  plate;  (4]  distance  between  table,  limited  by  longitudinal  shear  in  the  timber; 
and  (6}  bolte  required  to  hold  tables  in  the  notches  in  the  timber. 

The  fl  X  S^n.  main  timber  will  be  euffioient  for  this  type  ol  eplice. 
Netareaofateelplstes  -  ^■^-  2.67*,.to. 


*•■>'*•  ~  fiwS"  ^-36  "n-     Call  this  dieCanes  0  In.,  i 


Anume  4  tablea  on  each  Gab  plate.     Required  total  thioknesi  of  tablee  i^T^jT^  -  O.TSin.    Maketbedeptb 
»Ke  in.  -  0,816  in. 

Riveta  required  in  each  table,  limiting  value  of  one  K-in.  rivet  in  bearing  at  20,000  lb.  per  aq.  in.  on  >j-iii 
plate  bem«  3T60  lb.  -  Jij-fsj^  -  2  "■ 

Uao  three  riveta  and  make  table  »Me  X  3  in. 

The  distanoe  between  end  of  mi 
for  longitudinal  shear  in  the  timbei 
2871 
■   '*'  '*' 
mitted  by  one  table  timea  one-half  the  comblDed  thicknesa  of  fieh  plate  and  table,  or 

M  -  (10,000)  (>i>(i»f<  +  )-i)  -  5300  in.-lb. 
Two  bolU  will  be  placed  against  the  outer  edge  of  table,  making  the  lever  arm  o(  the  bolu  3H  in.     The  atress  in 
ooe  bolt  is  then  7^^^  -  7B0  lb.     Two  «-in.  bolta  will  be  used  for  each  table. 

119/.  Tenon  Bar  Splice,— The  tenon  bar  splice  is  one  of  the  oldest  splices  uesd, 
though  not  seen  so  frequently  today  as  formerly.  It  is  probably  the  simplest  and  most  effective 
tension  splice  that  can  be  made.  The  detail  is  shown  in  Fig.  128.  The  points  to  be  computed 
are  {1)  size  of  rod  for  tension;  (2)  width  of  bar  for  proper  bearing  against  the  timber,  and  also 
for  the  hole  for  the  rod  passing  through  the  ends;  (3)  depth  of  bar  for  bending;  (4)  distance 
of  bar  from  end  of  timber  to  provide  sufficient  bearing  area;  and  (5)  net  section  of  timber.  To 
give  Keneral  stiffness  to  this  joint,  Fig.  123  shows  the  addition  of  two  2  X  B-in.  splice  pads  bolted 
with  ?i-in.  bolta. 
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40  000 
An  8  X  S-in.  main  timber  will  be  assumed.     Si*e  of  rod  area  required  =  (2U  1*6  000)  ^  ^'^^  ^'  ^^'     ^  iH-in. 

rod  has  an  area  of  1.295  sq.  in.  at  the  root  of  thread,  and  this  sise  rod  will  be  used.  Since  the  rod  must  be  placed 
at  such  a  distance  from  the  timber  that  the  nuts  may  be  tightened,  and  since  it  is  desirable  to  keep  the  length  of 
the  bar  as  small  as  possible,  hexagonal  nuts  will  be  used.  (It  is  obvious  that  the  bending  moment  on  the  bar  in- 
creases with  the  distance  between  center  lines  of  rods.)  The  long  diameter  of  a  lyi-ia.  hexagonal  nut  is  2^  in., 
hence  the  distance  from  the  side  of  timber  to  the  center  line  of  rod  will  be  made  l^i  in. 

Kae  of  bar  required:  The  pressure  of  the  timber  against  the  bar  wiU  be  assumed  to  be  uniform.    Hence  the 

bending  moment  on  the  bar  wiU  be  (20,000)  (IH  +  ^  X  8)  -  (20.000)  (3H)  -  70.000  in.-lb.    Using  a  fiber  stress 

^  70  000 

of  24.000  lb.  per  sq.  in.  in  bending,  since  the  bar  is  a  short  beam,  the  required  section  modulus  is  oAOCo"  ^'^^  ^'^' 

40  000  25 

The  bearing  area  required  is  -tsoq  "  25  sq.  in.     The  required  width  of  bar  is  therefore -g   —  3.13  in.     Since 

a  3-in.  bar  is  a  stock  sise,  a  width  of  3  in.  will  be  used.  This  width  will  give  a  full  bearing  for  the  hexagonal  nut, 
and  will  allow  1^«  in.  of  metal  on  each  side  of  the  hole.  If  a  6  X  8-in.  timber  were  used,  the  required  width  of 
bar  would  be  4^  in.,  which  would  reduce  the  section  of  timber  below  the  allowable. 


The  depth  of  bar  must  now  be  computed.     The  section  modulus  H^<^  "■  2.02  in.,  when  d 


_  .^(2.92)(6) 


V 


(2.9^(6)  _  y^gig^.  2.4  in.     The  bar  sise  wiU  be  taken  at  2H  X  3  X  14  in. 

The  shearing  area  required  between  the  bar  and  end  of  timber  is    .Vq  ■  -■  267  sq.  in.     The  distance  required 

267 
between  the  bar  and  end  of  timber  is  therefore  (2\(q\  *"  ^^-^  ^^'*  ^^^  ^^  ^* ' 

119^.  Shear  Pin  Splice. — In  the  shear  pin  splice,  the  6  X  8-in.  mam  timber  will 
be  sufficient.  This  splice  is  shown  in  Fig.  129.  The  stress  is  transmitted  across  the  joint  by 
means  of  the  circular  pins  of  hardwood  or  steel. 

These  pins  are  driven  in  a  bored  hole  with  a  driving  ^ — j — ^9m9<f^''i^ 

fit  for  the  pins.    The  joint  is  a  comparatively  easy  ' 

one  to  frame.  The  bolts  take  some  tension,  due  to 
the  couple  of  the  forces  acting  on  the  pins.  The 
working  values  for  the  pins  are  taken  from  Art.  117.  j^   i     ,     ,  ,  |     ,     , 

The  splice  pads  in  this  detail  are  3  X  8-in.  timbers.     The  ■       .  '       .       .       .       . 

pins  are  2  in.  in  diameter,  of  extra  heavy  steel  pipe.    The  total  v  I  J^  !a!  'uL^  I  a  I  /Ck*  La^i  \A 

net  section  of  splice  pads  is  then  4  X  8  »  32  sq.  in.,  giving  a 

40.000 


unit  stress  in  tension  of  —^  -    1260  lb.    Using  the  working  ^^^    129.— Shear  pin  spUce. 

value  of  800  lb.  per  lin.  in.  of  pin,  the  safe  value  of  a  2  X  8-in. 

40,000 
pin  is  6400  lb.     The  number  of  pins  required  is  then   ftAQQ    ^  6.26.    Six  pins  will  be  used. 

The  tension  in.  the  bolts  will  be  taken  at  one-half  the  total  tensile  stress,  or  20.000  lb.  Eight  H-in.  bolts 
win  be  used,  giving  a  working  value  of  2600  lb.  per  bolt.  The  bolts  wiU  be  placed  in  pairs,  endways  between 
the  pins.    The  pins  will  be  pisced  6-in.  centers 

120.  General  Comparison  of  Tension  Splices. — The  tenon  bar  splice,  when  it  can  be  used, 
is  to  be  recommended.  It  is  direct  in  its  action;  shrinkage  of  the  timber  cannot  destroy  its 
effectiveness;  there  being  but  one  bearing  surface,  the  splice  will  surely  act  as  designed;  the 
two  sections  of  timber  can  be  drawn  tightly  together  in  the  field ;  and  the  splice  is  almost 
fool-proof. 

The  wooden  tabled  fish-plate  splice  is  also  effective  where  there  is  but  one  table  in  each 
spHce  pad  either  side  of  the  joint.  In  those  joints  where  more  tables  are  necessary,  however, 
there  enters  at  once  the  possibility,  and  even  the  probability,  that  all  the  contact  faces  will 
not  act  simultaneously.  In  other  words,  the  effectiveness  of  the  splice  in  such  a  case  depends 
wholly  on  the  skill  and  care  in  workmanship.  In  this  detail,  also,  shrinkage  of  the  timber  adds 
an  uncertainty  as  to  the  strength  of  the  joint. 

The  bolted  steel  fish  plate  splice  makes  a  neat  appearing  splice  for  exposed  work,  and  is 
much  in  favor  on  that  account.  For  a  moderate  stress  in  the  timber  to  be  spliced,  it  is  fairly 
economical. 

The  steel  tabled  fish  plate  splice  is  open  to  the  same  objection  asthe  wooden  tabled  splice. 
The  bearing  surfaces  of  the  steel  tables  are  very  likely  to  be  uneven,  making  a  close  fit  between 
steel  and  timber  almost  impossible.    On  paper,  the  joint  is  neat  and  effective  and  adaptable 
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to  &lmoBt  any  case.  Unleaa  rigid  inspection  in  the  shop  cmd  field  ia  maintained,  the  actuaJ  joint 
la  likely  to  be  disappointing.  The  bearing  edges  of  all  tables  should  be  milled ;  the  holes  in  the 
tables  should  be  drilled,  and  tight  riveting  secured.  Careless  ajid  inferior  workmanship  in  the 
steel  shop  on  the  metal  splice  plates  is  to  be  expected. 

The  shear  pin  splice  is  effective  and  simple;  its  greatest  drawback  is  the  effect  of  shrinkage 
in  the  timber  which  will  allow  the  pins  te  become  loosened.  This  splice  should  not  be  used 
with  unseasoned  or  partially  seasoned  timber,  unless  it  is  absolutely  certain  that  the  bolts  will 
be  kept  tight  as  the  timber  seasons. 

The  bolted  wooden  splice  is  effective,  but  cumbersome,  and  unsuited  for  large  stresses, 
due  to  the  unusual  size  of  bolts. 

The  modified  wooden  bolted  splice  is  satisfactory  for  comparatively  small  atreases  and 
when  rigid  inspection  csn  be  counted  upon  to  see  that  the  bolts  are  driven  in  close  fitting  holes. 
For  large  Btresses,  the  required  number  of  bolts  will  be  excessive. 

Architectural  appearances  may  prohibit  certain  types  of  splices  as  being  unsightly.  "ITie 
bolted  steel  fish  plate  splice  and  the  tabled  steel  fish  plate  splice  are  the  neatest  in  appearance, 
and  for  this  reason  are  extensively  used  in  exposed  work. 

121.  Compression  SpUces. — Compression  sphces  naturally  divide  into  two  divisions: 
(1)  those  joints  which  take  only  uniform  compteasion  at  all  times,  and  (2)  those  joints  which, 

while  compression  is  the  principal  stress,  may  be 
called  upon  at  some  time  to  take  either  flexure,  or 
tension,  or  a  combination  of  both. 

Some  of  the  compression  splices  used  in  construc- 
tion are  shown  in  Fig.  130.  These  joints,  in  the  order 
lettered,  are  (a)  the  butt  joint,  {h)  the  half  lap,  and 
(c)  the  oblique  scarf. 

The  butt  joint  differs  from  all  the  other  joints 

in  that  it  has  but  one  surface  of  contact.    For  this 

reason,  it  is  superior  to  all  the  others,  where  uniform 

compression  alone  is  to  be  transmitted.     Theefficiency 

of  all  the  other  joints  depends  wholly  upon  the  skill 

and  care  of  the  carpenter  who  frames  the  joint.     In 

(a)  (b)  (c)        other  words,  the  butt  joint  for  the  condition  named 

Fio.  130. — ComprtHion  npUcia.  is  the  simplest,  and  therefore  the  best.     Indeed,  the 

splice  plates,  if  bolted,  or  bolted   and  keyed,  may 

make  the  butt  joint  suitable  for  carrying  both  tension  and  flexure. 

The  oblique  scarfed  splice  is  stronger  in  flexure  than  the  half  lap.  In  the  half  lap  joint, 
however,  there  is  more  timber  in  straight  end  bearing  than  in  the  oblique  scarf. 

In  constructing  compression  joints  in  timbers  which  are  vertical  in  position,  the  bolts 
through  one  end  of  the  splice  pads,  if  such  exist,  should  be  placed  alter  the  upper  timber  has 
come  to  a  bearing  on  the  lower  timber;  otherwise  the  bolts  may  receive  a  heavy  load  before  the 
timbera  come  to  a  full  bearing. 

122.  Connectians  Between  Joists  and  Girders. — When  possible,  joists  should  rest  upon 
•  the  tops  of  girders,  and  not  frame  into  the  aides  of  the  girders.     The  former  construction, 

however,  involves  a  loss  in  head  room  in  a  building,  increased  height  of  building  walls  and 
columns.  It  also  involves  more  shrinkage,  since  the  shrinkage  is  directly  proportional  to  the 
depth  of  timber.  In  the  case  of  a  building  with  masonry  walls  and  timber  interior,  the  construc- 
tion of  joists  resting  upon  the  girders  will,  with  green  or  unseasoned  timber,  result  in  unequal 
settlement  of  the  floors.  The  inner  ends  of  the  outer  floor  bays  will  settle  the  amount  of 
shrinkage  of  joist  plus  girder,  while  the  outer  ends  will  settle  only  the  amount  of  shrinkage 
of  the  joists,  since  the  joists  frame  directly  into  the  masonry.  The  considerationa  of  equal 
settlement  and  gain  in  building  height  will  usually  dictate  the  use  of  joist  hangers  in  a  building 
with  heavy  masonry  walls. 

In  a  building  of  the  mill-building  type  with  wait  posts  and  girders,  and  corrugated  steel 
or  wooden  sheathed  walls,  the  increased  height  due  to  framing  the  joists  on  top  of  the  girders 
will  be  offset  by  the  saving  in  the  cost  of  joist  hangers. 
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The  joists  should  extend  over  the  full  width  of  girder,  and  be  toenailed  into  the  girders. 
When  the  joists  break  over  the  girders  they  should  lap  at  least  12  in.  and  be  well  spiked  together. 
Solid  bridging  of  a  depth  equal  to  the  depth  of  the  joists,  and  of  a  width  not  less  than  2  in.,  is 
usually  placed  between  the  joists,  and  directly  over  the  center  of  girder.  Such  bridging  holds 
the  joists  firmly  in  position,  and  also  acts  as  a  fire  stop.     This  construction  is  shown  in  Fig.  131^ 

122a.  Joists  Framed  into  Girders. — In  very  light  construction  the  joists,  when 
framed  into  the  sides  of  a  girder,  are  sometimes  only  toenailed.  In  other  cases,  especially 
when  the  joists  frame  into  only  one  side  of  the  girder,  such  g^irder  built  up  of  several  vertical 
pieces,  the  outer  piece  is  spiked  into  the  ends  of  the  joists,  as  in  Fig.  132.  All  such  joints  are 
makeshifts,  and  extremely  unreliable.  As  has  been  pointed  out  in  a  previous  article  (see  Art.  Ill), 
nails  driven  into  the  ends  of  timbers — i.e.,  parallel  to  the  direction  of  fibers — have  a  low  strength. 
Further,  there  is  always  the  danger  of  the  nails  thus  driven  causing  the  joists  to  split. 

Sometimes  a  strip  is  nailed  or  bolted  to  the  sides  of  the  girder,  upon  which  the  joists  rest, 

as  in  Rg.  133,     If  properly  designed,  such  strips  will  be  not  less  than  4  in.  wide  and  4  in.  deep, 

bolted,  not  nailed  to  the  girder.   'The  bolts  should  be  sufficient  in  number  to  take  the  reaction 

of  the  joists,  and  should  be  not  less  than  2)^  in.  from  the  bottom  of  girder. 

niustrative  Problem. — Given  a  floor  bay  14  X  16  f t ;  live  load  of  60  lb.  per  eq.  ft. :  girders  spanning  the  shorter 
side  of  the  floor  bay.  Assume  double  thickness  of  flooring  1-in.  T  and  O  finished  floor  over  1-in.  rough  floor. 
Working  fiber  stress  is  flexure  1600  lb.  per  sq.  in.;  working  unit  stress  in  longitudinal  shear  150  lb.  per  sq.  in.; 
worldng  unit  stress  in  cross  bearing  300  lb.  per  sq.  in. 


brkiging 


Splice  pads 


Fia.  131.  FiQ.  132.  Fia.  133.  Pia.  134. 

Weight  of  floor  construction,  exclusive  of  girders: 

Flooring 6 

Joists 5 

Bridging 1 

Total  dead  load 12 

live  load 60 

Total  load 72  lb.  per  sq.  ft. 

With  joists  16-in.  centers,  and  counting  the  clear  span  for  joists  as  15  ft.,  the  following  figures  result: 
Total  load  on  one  joist  -  (15)(lH)(72)  -  1440  lb. 
Bending  moment  -  (H)  (1440)  (15)  (12)  »  32,400  in.-lb. 

Required  section  modulus  ■■     .'---   —  20. 

Assume  joist  2  X  10  in.,  actual  section  \%  X  9Mi  actual  section  modulus  24.44. 

For  a  15-ft.  span,  this  sise  is  the  minim^im  for  deflection.     In  the  computation  for  girder  size,  the  live  load 

may  be  reduced  20  %,  making  total  load  60  lb.  per  sq.  ft. 

Load  -  (14)  (16)  (60)  -  13,4401b.     M  -  (K)  (13,440)  (14)  (12)  -  282,000  in.-lb. 

,,       .    J       X.  J  1  a       282.000      ,-. 

Required  section  modulus  —  5  —    iftoo    " 

An  8  X  14-^,  finished  section  7H  X  13H>  has  a  section  modulus  of  227.8.     An  8  X  12-in.  girder,  finished 
•iso  7H  X  11H>  would  have  a  section  modulus  of  165  under  the  required  amount.     The  reaction  of  one  joist  is 

720 
720  lb.,  requiring  a  bearing  area  of  g^x  -  2.4  sq.  in.     The  bolting  strip  will  be  4  X  4  in.     %-in.  bolts  will  be  used, 

and  the  working  load  per  bolt  will  be  taken  at  900  Ib.^    Since  the  load  per  linear  foot  of  girder  is  16  X  60  <-  960 

900 
lb.,  the  bolts  must  be  spaced  ngQ(12)  *  11  in.  centers,  or  13  bolts  per  girder. 

In  the  above  illustrative  problem,  the  depth  of  joist  plus  the  depth  of  bolting  strip  just 

equals  the  depth  of  girder.     This  relation  does  not  always  hold,  as  girder  depth  is  often  but 

little  more  than  the  depth  of  joist.     To  avoid  having  the  bottom  of  joists  lower  than  the  girder, 

joists  are  often  notched  as  shown  in  Fig.  134.     Such  construction  is  not  good,  since  the  strength 

of  the  joists  is  greatly  reduced  by  notching.     The  joists  tend  to  split  in  the  comer  of  the  notch, 

due  to  the  difference  in  stiffness  on  either  side  of  the  vertical  cut. 

>  From  Table  21,  p.  244,  %-va..  bolt  "double  shear"  with  4  and  8-in.  timbers,  good  for  1465  lb.  in  end  bearing. 
For  side  bearing,  safe  load  «  ^  X  1465  -  915  lb. 
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In  aome  eases,  the  ends  <tf  the  joists  are  framed  with  tenons  fitting  into  sockets  or  recesaea 
cut  into  the  girder.  lluB  type  of  framing  is  to  be  condemned  on  account  of  the  serious  weaken- 
ing of  both  joist  and  girder. 

123b.  Joist  Hangers. — The  moot  satisfactory  mftnner  of  framing  joists  mto  the 
mdes  of  girders  is  by  the  use  of  joist  hanReis.  There  are  many  atook  types  of-these,  among 
which  may  be  named  the  Duplex,  Van  Dom,  Ideal,  Lone,  National,  and  Falls.  Some  of  these 
different  types  are  ehown  in  Pigs.  135  to  138  inclusive.  A  stock  joist  hanger  should  not  be 
used  without  inveatigating  carefully  its  strength  and  the  amount  of  bearing  given  to  the  joist. 
Referring  to  the  figures  illustrating  the  different  tsTwa,  the  fact  should  be  noted  that  the  Duplex 
hanger  will  result  in  less  settlement  of  floor  than  any  of  the  other  types,  since  the  connection  of 


Pia.  13S.— Duplsi     Fio.  138.— V«n  Dora  p»iented  Fia.  137.— "Idml"  Fio,  138.— •■FnUi" 

ioiit  hanger.  iWd  J0i»t  h»nger.  Edngls  hinjer.  jaiit  twnser. 

this  hai^r,  imlike  all  the  others,  is  on  the  side  of  the  girder,  and,  hence,  is  aSected  by  the 
shrinkage  of  one-half  instead  of  the  whole  depth  of  girder.  The  published  teats  of  joist  hangers, 
as  given  in  the  various  manufacturers'  catalogs,  will  bear  close  scrutiny.  Often  in  the  effort 
to  prove  the  merits  of  the  particular  hanger,  the  exact  loads  carried  by  one  hongcE  are  not  always 
dear.  Sometimes,  also,  hardwood  is  employed  in  the  teste,  in  order  to  avoid  failure  of  the 
joist  by  crushing  of  the  fibers.  The  Duplex  hanger  unquestionably  has  many  advantages  over 
other  hangers.  It  is  practically  certain  that  all  the  other  hangeis  will  fail  by  the  hooks  over 
ihe  girder  orushing  the  fibers  of  the  timber  on  the  comer  of  the  girder  and  then  straightening 
out. 

U3c.  Connection  of  Joist  to  Steel  Girder. — When  steel  girders  are  used  with 
timber  floor  joists,  the  types  of  connection  are  similar  to  those  discussed  for  wooden  girders. 


i.e.,  the  joists  may  frame  on  top  of  the  steel  girder  (usually  an  I-bcam)  or  into  the  side  of  the 
girder. 

Buildings  with  this  combination  construction,  in  which  the  joists  simply  rest  on  top  of 
the  I-bcams,  without  any  attachment  whatever,  are  sometimes  seen.  In  such  cases,  the  I- 
beam  is  supported  laterally  only  by  friction  between  the  timber  and  steel.  This  practice  is  to 
be  avoided.  To  secure  a  definite  connection  between  the  joists  and  girder,  a  wooden  atrip  may 
be  bolted  to  the  top  flange  of  the  I-beam,  and  the  joists  toenailed  to  this  wooden  atrip,  as  in 
Fig.  139.  The  principal  objection  to  this  construction  is  the  weakening  of  the  I-beams  from  the 
holes  punched  through  the  flange. 

When  the  joists  frame  into  the  aides  of  the  I-beama,  they  are  often,  for  light  loads,  supported 
by  the  lower  flanges  of  the  I-beam,  as  in  Fig.  140.  Obviously  the  weak  point  of  this  detail  is 
the  small  bearing  of  the  joist  on  the  steel.  To  overcome  the  difficulty,  timbers  may  be  cut  to 
rest  snugly  against  the  flange  and  web,  and  bolted  through  the  web.  The  joists  may  then  be 
nailed  into  these  timber  strips,  as  illustrated  in  Fig.  141.    The  supporting  timber  should  be  ot 
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sufficient  width  to  extend  under  and  beyond  the  vertical  cut  of  the  notch  in  the  joist  for  the 
upper  flange. 

A  serious  difficulty  in  constructions  of  this  nature  is  the  problem  of  supporting  the  flooring 
over  the  upper  flange  of  the  I-beam.  If  such  flooring  rests  on  the  joists  and  the  upper  flange 
of  the  I-b«un,  the  shrinkage  of  the  joists  will  produce  a  high  place  in  the  floor  over  all  the  steel 
beams.  To  overcome  this  difficulty  small  strips,  say  of  1 H  X  2-in.  timber,  may  be  spiked  to  the 
sides  of  the  joists  to  carry  the  floor  over  the  girder. 

Joist  hangers,  notably  the  Duplex  and  Van  Dom  hangers,  may  be  obtained  for  connection 
between  timber  joists  and  steel  girders  (see  Figs.  142,  143,  and  144).  The  method  of  support 
shown  in  Fig.  141,  however,  will  be  found  very  satisfactory  and  generally  cheaper  than  the  joist 
hangers. 


Fia.  142. — Van  Dom 
I-beam  hanger. 


Fia  143. — Duplex  I-beam  hanger. 


Fia.  144. — Duplex 
I-beam  box. 


123.  Connections  Between  Columns  and  Girders. — The  connection  between  timber  col- 
umns and  girders  involves  consideration,  not  only  of  strength  of  columns  and  of  supports  for 
the  girders,  but  also  of  general  stiffness  of  the  building,  since  the  posts  and  girders  are  generally 
counted  upon  to  form  the  structural  frames  for  resisting  lateral  forces,  as  wind  and  vibration 
of  machinery.  Columns  always  splice  at  or  near  the  floor  lines,  hence  the  connection  of  girder 
to  column  includes  the  consideration  of  column  splice.  Continuity  of  the  columns  is  always  to 
be  sought,  both  from  the  standpoint  of  stiffness  and  reduction  of  shrinkage.  In  total,  the  ob- 
jects to  be  gained  in  the  connection  of  girders  and  post  are:  (1)  continuity  of  column  for  stiff- 
ness and  reduction  of  shrinkage ;  (2)  reduction  of  column  area  from  a  lower  story  to  an  upper 
story  as  determined  by  floor  load;  (3)  sufficient  bearing  area  for  girders  on  the  supports;  (4) 
continuity  of  girders  at  the 
column  for  stiffness;  and 
(5)  provision  for  girders 
releasing  from  column,  in 
event  of  a  serious  fire,  with- 
out pulling  the  column  down. 
All  these  provisions  are  not 
attainable  in  every  case,  and 
the  nature  of  the  building 
may  not  warrant  the  ex- 
pense of  securing  aU  these 
objects. 

In  the  discussion  of  this 
subject,  a  distinction  must 
be  made  between  the  ordi- 
nary  building,  including  both  frame  buildings  and  buildings  with  masonry  walls,  or  cor- 
rugated steel  walls,  and  the  special  type  of  building  known  as  ''mill  construction"  or  "slow- 
burning  construction"  (see  chapter  on  "Slow-Burning  Mill  Construction  " in  Sect.  3).  The  first 
class  consists  of  those  buildings  which  have  the  ordinary  joist  and  girder  construction,  either 
with  or  without  plastered  ceilings  and  interior  columns  encased  with  lath  and  plaster.  This 
class  will  be  treated  in  the  following  paragraphs;  the  details  for  the  special  type  of  "mill  con- 
struction" are  discussed  in  Sect.  3. 

For  the  purpose  of  illustrating  these  principles,  some  details  of  connection  of  columns 
and  girders  will  be  briefly  discussed.     Fig.  146  shows  three  defective«letails,  which,  nevertheless, 

17 


FiQ.  145. — Defective  details  of  column  and  girder  comieptiona. 
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-  2.28  in.  The  baae  must  therefore  be  eupported  by  ribs.  Two  ribs  will  be  introduced,  ^he  bearing  plate  will 
now  be  assumed  to  take  only  one-half  of  the  bending,  one-half  the  load  being  transmitted  by  the  ribe  to  the  vertical 
collar  around  the  post.  The  thickness  of  base  and  collar  must  then  be  sufficient  for  each  to  sustain  6650  in. -lb. 
Since  both  the  projecting  seat  and  the  collar  are  fixed  along  one  edge,  the  allowable  unit  stress  in  bending  will  be 

8383 
increased  50%.    The  required  section  modulus  is  then  ^^^  -  1.39,  or  with  a  width  of  5  in.,  the  required  thickni 

is  1.29.    A  thickness  of  lyi  in.  will  be  used. 


SPLICES  AND  CONNECTIONS— STEEL  MEMBERS 

By  Wm.   J.   FULLEH 

1214.  Rivets  and  Bolts. — A  rivet  is  a  short  piece  of  cylindrical  rod  (usuaDy  soft  steel) 
with  one  end,  caUed  the  head,  larger  than  the  body  or  shank  (see  Fig.  161).    Rivets  are  made 
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Fig.  151. 


Fia.  152. 


Fig.  153. 


by  feeding  rods,  that  have  been  heated  to  the  proper  temperature,  into  a  rivet  machine.  Tlie 
machine  forms  the  head  and  cuts  the  rod  off  to  the  desired  length.  Different  kinds  of  rivets 
may  be  made  in  the  same  machine  by  using  the  proper  header  and  dies.  To  produce  satisfactory 
rivets  the  dies  used  must  be  kept  in  perfect  condition,  and  the  bars  m\ist  be  heated  to  the  proper 
temperature.  If  the  dies  become  worn,  the  rivet  is  apt  to  have  a  shoulder  where  the  head 
and  shank  meet  (see  Fig.  152).  Also,  if  the  inner  edges  of  the  dies  do  not  meet,  the  rivet 
will  have  what  is  known  as  a  fin  on  each  side  (see  Fig.  153).  Rivets  having  these  defects  are 
not  satisfactory  when  driven,  as  the  heads  will  not  fit  tight  against  the  member. 
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Fig.  154. — Conventional  rivet  signs. 


Rivets  are  used  not  only  to  connect  the  different  parts  of  built-up  steel  sections,  such  as 
columns  and  girders,  but  also  for  making  the  connections  between  different  structural  members. 

124a.  Kinds,  Dimensions,  and  Sizes  of  Rivets.  Kinds. — Two  classes  of  rivets 
are  used  in  structural  steel  work:  namely,  the  button  head  and  the  countersunk  head  (see  Fig. 
151).  The  button  head  rivet,  which  is  used  almost  entirely  for  all  structural  work,  has  a  head 
which  is  hemispherical.  The  countersunk  head  is  flat  and  is  made  to  fit  a  countersunk  hole. 
It  should  not  be  used  except  when  a  flat  surface  is  desired  or  when  a  button  head  would  interfere 
with  some  member.    When  the  desired  clearance  cannot  be  obtained  because  of  a  full  button 
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head  on  a  rivet,  the  head  of  the  rivet  may  be  flattened.  Sufficient  clearance,  of  course,  cannot 
always  be  provided  in  this  way,  but  where  the  flattening  of  a  button  head  is  all  that  is  necessary, 
the  riveting  is  usually  more  efficient  and  less  expensive  than  if  a  countersunk  rivet  were  used. 
In  case  a  flat  surface  is  desired,  it  is  necessary  to  chip  the  head  of  a  countersunk  rivet,  since 
after  driving,  this  kind  of  a  head  extends  about  }4  ^^'  above  the  surface. 

In  order  to  show  on  a  drawing  whether  a  full  button  head,  a  flattened  head,  or  a  countersunk 
head  is  to  be  used,  certain  conventional  signs  have  been  adopted.  Fig.  154  shows  the  Osborne 
83^tem  which  is  used  almost  entirely  in  this  country. 

Dimensions. — There  is  no  standard  shape  for  rivet  heads,  but  the  shapes  found  on  the  market 
do  not  differ  greatly.  Rivets  are  sometimes  made  with  special  shaped  heads  suqh  that  when 
driven  with  the  proper  die  the  tendency  will  be  to  first  upset  the  shank.  This  is  desirable  as 
the  hole  should  be  completely  filled  even  though  somewhat  irregular.  Table  1  gives  dimensioDB 
for  finished  rivet  heads. 


Tab£b  1.' — General  Formttlas  for  Proportions  of  Rivets,  in  Inches 
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Sizes, — Rivets  vary  from  ?i  to  l>i  in.  in  diameter 
and,  except  in  special  cases,  are  made  from  soft  steel. 
Most  structural  work  requires  either  Ji  or  J^-in. 
rivets.  Smaller  sizes  are  used  in  light  work  while 
larger  sizes  are  used  only  in  very  heavy  construction. 
As  a  general  rule  riveta  should  not  be  of  less 
diameter  than  the  thickness  of  the  thickest  plate 
through  which  they  pass. 

The  diameter  of  a  rivet  should  not  be  greater  than 
yi  of  the  width  of  member  connected. 

Rivets  as  large  as  %  in.  should  not  be  used  if  they  are  to  be  driven  by  hand,  as  they  cannot 
be  driven  tight.  (All  shops  do  not  have  the  required  power  to  drive  the  larger  rivets  properly.) 
The  diameter  of  a  rivet  should  not  be  less  than  ^  of  its  grip  as  tests  show  that  the  strength 
of  a  joint  decreases  when  the  total  thickness  of  metal  increases  beyond  four  diameters  of  the 
rivet  used.  In  such  cases  specifications  usually  require  the  niunber  of  rivets  to  be  increased 
1  %  for  each  He  ^'  of  metal  greater  than  four  diameters. 

The  size  of  rivet  that  should  be  used  in  any  given  case  depends  on  the  sizes  of  the  members 
to  be  connected.  As  a  general  rule,  a  %-\n.  rivet  is  the  maximum  that  should  be  used  in  the 
flanges  of  6  and  7-in.  channels  and  I-beams,  and  in  2-in.  angles;  %-in.  rivets  may  be  used  in 
all  larger  sized  channels  and  I-beams  and  in  all  angles  over  2}i  in.  In  all  I-beams  over  15  in., 
aU  channels  over  10  in.,  and  in  all  angles  over  3  in.,  %-in.  rivets  may  be  used.  In  unimportant 
connections,  J^-in.  rivets  may  be  used  in  2K-in.  angles,  and  J^-in.  rivets  may  be  used  in  3-in. 
angles. 

Not  more  than  one  size  of  rivet  should  be  used  in  the  same  structure  in  order  to  avoid  mak- 
ing changes  in  the  punching  and  riveting  machines  and  also  to  make  unnecessary  the  rehandling 
of  the  different  members. 

Channels  and  I-beams,  however,  have  to  be  rehandled  when  holes  are  punched  in  both 
the  flange  and  web  because  a  special  die  is  required  in  punching  the  flange  on  account  of  the 
slope.  In  cases  of  this  kind,  when  the  holes  in  the  web  are  larger  than  are  permitted  in  the 
flange,  a  smaller  punch  may  be  used  for  the  flange  without  causing  extra  handling. 

^  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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lS4b.  Grip  of  Rivets  and  Bolts. — The  grip  of  a  rivet  is  the  total  thickness  of 
metal  through  which  it  paeeea  (see  Fig.  1G5).  In  computing  the  length  of  shank  required,  the 
roughness  of  the  parta.  connected  should  be  considered  and  the  grip  increaeed  accordingly. 
The  amount  to  be  added  varies  in  different  shops  and  is  from  >^2  >".  for  each  joint  between 
members  to  ^s  in.  for  st^h  member.  Thus,  the  total  length  of  shank  is  the  thickness  of  ma- 
terial  plus  the  amount  assumed  for  roughness  of  members  plus  the  length  of  shank  necessary 
to  form  a  bead.  The  grip  should  be  taken  to  the  nearest  ^  in.  Table  2  gives  the  requiied 
length  of  shank  for  different  grips  and  sizes  of  rivets. 

Table  2.' — Strcctckal  Rivbtb 
American  Bridge  Company  Standard 
Lbnotbb  of  PiELn  KtvBTa  for  Vaeiohs  Gbifs 
(DImeniioni  in  Iiicb»J 
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In  case  bolts  are  used,  the  length  is  the  grip,  plus  ^  in.,  plus  the  thickness  of  nut,  plus  the 
thickness  of  washers.     Table  3  gives  the  dimensions  for  bolt  heads  and  nuts. 

Table  3.' — Bolt  Heads  and  Nuts 
American  Bridge  Company  Standard 


Rough   nut 

FiniBhed  nut 

Rcxugh  head 

Finished  head 

/ 

0 

/ 

1 

0 

1 

/ 

h 

/ 

h 

iD. 

d 

1.6d+H«in. 

rf-Kein. 

l.5d+H 

0.5/ 

l.M+H«in- 

0.5/-H«in. 

;  in.  larger  tha: 


Fig.  136. 


124c.  Rivet  Holes. — Rivet  holes  may  be  punched  to  sisse,  sub-punched,  and 
reamed,  or  drilled  from  the  solid.  For  all  ordinary  work  satisfactory  results  can  be  obtained 
if  a  reasonable  amount  of  care  is  taken  in  laying  out  and  punching  the  holes.  All  holes  should 
be  3^0  in.  larger  in  diameter  than  the  nominal  size  of  rivet  used;  that  is,  Ke  i^^*  larger  than 
the  diameter  of  the  rivet  shank  before  heating.  This  will  allow  the  heated 
rivet  to  enter  the  hole. 

When  metal  %  in.  thick  or  more,  is  used,  or  when  the  thickness  of  metal 
is  greater  than  the  diameter  of  the  rivet,  the  holes  should  be  drilled  (1)  because 
punches  often  break  when  the  thickness  of  metal  is  greater  than  the  diameter 
of  the  punch,  and  (2)  because  the  punching  of  the  holes  injures  the  metal  more 
or  less  around  the  edge  of  the  hole,  the  thicker  and  harder  the  metal,  the  greater 
the  injury.  It  is  on  account  of  this  injury  that  holes  are  specified  on  impor- 
tant work  to  be  sub-punched  }i  in.  less  than  the  diameter  of  the  rivet  and 
reamed  to  yi^m.  larger,  or  to  be  drilled  from  the  solid.  When  holes  are  sub-punched  and  re- 
amed, the  reaming  is  usually  specified  to  be  done  after  the  structure  b  assembled,  thus  insuring 
well  matched  holes. 

Punched  holes  do  not  always  match  and  in  such  cases  a  reamer  should  be  used  to  line  them 
up  instead  of  using  a  drift  pin  (see  Fig.  156)  and  a  sledge  hammer  as  is  often  done.  Although 
drift  pins  (which  are  tapering  circular  steel  tempered  rods)  are  necessary  in  assembling,  yet 
their  use  in  lining  up  holes,  which  do  not  match,  should  not  be  allowed  because  of  the  injurious 
e£fect  on  the  metal  around  the  holes.  Reaming  out  holes  which  do  not  match  should  not  be 
considered  as  reamed  work  because  only  part  of  the  metal  in  part  of  the  holes  is  removed. 

Holes  for  countersunk  rivets  are  punched  or  drilled  in  the  same  way  as  for  button  head 
rivets;  the  hole  is  then  countersunk — ^that  is,  reamed  out  on  a  bevel  to  the  required  depth. 

124<i.  Location  of  Rivets — Gage, — A  gage  line  is  a  line  parallel  to  the.  length  of  a 
member  on  which  open  holes  or  rivets  are  located.  Gage  is  the  distance  between  gage  lines 
or  the  distance  of  a  gage  line  from  some  surface,  such  as  the  back  of  an  angle  or  channel.  Fig. 
157  shows  both  the  gage  and  gage  lines  on  an  angle.  Tables  4,  5,  and  6  give  the  standard  giiges 
for  I-beams,  angles,  and  channels,  respectively.  The  dimensions  of  channels  and  I-beams 
as  manufactured  by  the  different  companies  vary  slightly ;  also  the  gages  as  given  in  the  different 
manufacturers^  handbooks.  -  . 

Pitch. — Fitch  is  the  distance  center  to  center  of  holes  on  a  gage  line,  and  is  indicated  by  p  on 
Fig.  157. 
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Edge  Distance, — The  distance  from  a  hole  or  rivet  to  the  edge 
of  a  member  is  called  the  edge  distance  (see  Fig.  157). 


Fxo.  157. 
Table  5.* — Gages  for  Angles^ 


Leg 

8 

7 

6 

5 

4 

3H 

3 

2M 

2 

IH  IH  IH  i>i 

IK 

01 

4H 

4 

3W 

3 

2H 

2 

1« 

IH 

IH 

1 

H 

"H 

H 

H 

H 

Q* 

3 

2H 

2H 

2 

0% 

3 

3 

2W 

1« 

Max.  rivet 

IM 

1 

H 

u 

H 

>^ 

K 

« 

H 

H 

H 

H 

H 

H 

Va 

^  For  column  details,  6-in.  leg  Oi  in.  thick  or  lesa)  against  column  shaft,  gt  «■ 

^     1^4  in.,  ^  *  3  in. 

For  diagonal  angles,  etc.,  gage  in  middle,  where  riveted  leg  equals  or  ex- 


^ 


^  ceeds  3  in.  for  ^-in.  rivets,  3>i  in.  for  ^^-in.  rivets. 

2  Use  special  gages  to  adapt  work  to  multiple  punch,  or  to  secure  desirable 

'£  details. 
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Table  6.' — Standard  Gages  and  Dimensions  for 

Channels 


Nominal    dimenaionB    are:  flange    width    and      o"  in  eighths,    web 
thickness  in  sixteenths.    Gages  for  connection  angles  are  determined 

by  H  web  thickness. 
Standard  gages  may  be  varied  if  conditions  require. 


Depth  of 
channel 
(inches) 


15 


13 


12 


10 


9 


8 


6 


Weight  per 

foot 
(pounds) 


55  0 
60  0 
45  0 
40  0 
35  0 
33.0 


60 
45 
40 
37 
35 
32 


0 
0 
0 
0 
0 
0 


.0 
0 


40 
35 
30  0 
25  0 
20.6 


36  0 
30  0 

25  0 
20.0 
15.0 

26  0 

20  0 
15.0 
13.25 

21  25 
18.76 
10.25 
13.75 
11.25 

19.76 
17.25 
14.75 
12  25 
9.75 

16.6 

13.0 

10  6 

8.0 


11 
9 


6 
0 


6.6 

7.26 
6.25 
6.26 

6  0 
5  0 
4  0 


Flange 

width 

(inches) 


2H 


2>} 


Web 

thickness 

(inches) 


Hweb 

thickness 

(inches) 


^: 


Vi 


Gage 

(inches) 


Grip 

P 
(inches) 


IH 


it 


Distance 


/ 
(in.) 


o 

(in.) 


h 
(in.) 


Max. 
nvet  in 

flange 
(inches) 


8H 

S}i 

4 

7H 

6 
6 

6H 
6^ 
6X1 


2y 


5 


2? 


IK 


H 
H 
H 

H 
H 

P 
H 

H 


H 
H 


H 


Ks 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


Rivet  Spacing. — Rivets  are  spaced  according  to  rules  which  have  been  derived  from  ex- 
perience and  the  following  may  be  considered  as  standard : 

The  minimum  distance  between  centers  of  rivet  holes  is  usually  specified  to  be  not  less 

than  three  diameters  of  the  rivet ;  but  the  distance  shall  preferably  be  not  less  than  3  in.  for 

J^-in.  rivets,  2>2  in.  for  J^-in.  rivets,  2  in.  for  ^^-in.  rivets,  and  IH  in.  for  K-in.  rivets  (see 

Table  7).     The  maximum  pitch  in  the  line  of  stress  for  members  composed  of  plates  and  shapes 
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is  sometimes  specified  to  be  16  times  the  thickness  of  the  thimiest  outside  plate     i*  P  *\^P  * 

with  a  maximum  of  6  in.     The  following  spacing  is  preferable :  6  in.  for  J^-in.  ^ 

rivets,  6  in.  for  J^-in.  rivets,  4}^  in.  for  5^-in.  rivets,  and  4  in.  for  J^-in.  "^ 
rivets. 


■* ¥ 


Fio.  158. 


Table  7. — Minimum  Rivet  Spacing — All  Dimensions  in  Inches 


r'T** 
U  h  is>\ 


Diameter  of  rivet 

H 

H 

^i 

hi 

"a?"  rninimum 

Ui 

IH 

IJ^ 

2K 

"»"  preferable 

IH 

2 

2H 

3 

For  angles,  in  built  sections,  with  two  gage  lines,  with  rivets  staggered,  the  maximum  pitch 
p  (see  Fig.  158)  in  each  line  may  be  twice  as  great  as  given  above.  Table  8  may  be  used  in  spac- 
ing rivets  on  two  gage  lines.  The  accompanying  diagram^  (Fig.  159)  by  Louis  Metzger,  C.  E., 
may  be  used  for  the  same  purpose. 


Pitch  Lines  In  Inches  fy) 

I    li  li  li;   Z  2i  ei  H  3 


Fia.  159. 

ninstnitive  Problem. — Suppose  that  g  in  Fig.  160  is  2  in.,  what  is  the  minimum  value  of  v  that  can  be  used  for 
H-tn.  riveta? 

Table  8  shows  that  for  (^  »  2  in.,  p  should  be  1^  in. 

Fig.  159  shows  that  f or  (^  ■>  2  in.,  p  should  be  l^He  ua<     A  value  of  1^  in.  would  be 
used,  aa  rivet  spacing  should  not  be  given  in  IGths  when  it  is  possible  to  avoid  it. 


Fxa.  160. 


When  two  or  more  plates  are  in  contact,  rivets  not  more  than  12  in.  apart  in 
either  direction  should  be  used  to  hold  the  plates  together. 

The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared  edge 
should  not  be  less  than  \\^m,  for  %-in.  rivets,  1)^  in.  for  ^-in.  rivets,  1^  in.  for  5^ -in.  rivets, 

1  EnQ.  lUc,  Jan.  11,  1913. 
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anid  1  in.  for  H-m.  rivets]  and  to  a  rolled  edge  1 J^,  1)^,  1  and  %  in.  respectively.    The  maximum 
distance  from  any  edge  should  not  be  greater  than  eight  times  the  thickness  of  the  plate. 

The  pitch  of  rivets  at  the  ends  of  bmlt  compression  members  should  not  exceed  four 
diameters  of  the  rivets  for  a  distance  equal  to  one  and  one-half  times  the  maximum  width  of 
the  member. 


Table  8.* — Distance  Center  to  Center  of  Staqgbred  Rivets 

(Values  of  x  for  varying  values  of  o  and  p) 


It 


p 

(in.) 

g  (inches) 

H 

1 

IH 

IH 

IH 

IH 

IH 

IH 

IH 

2  . 

2H 

2H 

2H 

2H 

m 

IH 
IH 

m 

IH 
VA 
2 

2H 
2^ 
2H 
2« 

iHs 
iHs 

1^ 
VA 

2Hs 

IH 
IH 
l^He 

IH 

2 

2H 

l^He 
1^ 
IH 
2 

2Ms 
2Hs 

IH 
IH 

2H6 

2H 

IH 
IH 

,2 
2H  , 

2H6 

IH 

2 

2H  , 

2 

2H6 

2H 
2Hs  ' 

2Hs. 
2H 

2H6 

2Hs 

2Hs 

2H 

2K6  . 

2H 
2Hs 

2H 

2iMs 

2H 

2iHs 

2H 

2iHs 
3 

3H 

3H6 

3H 
3H 

3K. 

2H 
21H6 

2H 

2>«s 

3 

3Ks 

3H 

3Hs 

3H 
3H 
3Hs 
3He 

2H 

2M« 

2H 
2H 

2H 
2He. 

2H 

2Hs 

2H 

I2H 

bHs 

2H 
2He 

2M6 

2H 

2H 
2iHs 

2iH« 

3 

3H« 

3M« 
3H 

2^yu 

2H 
2H 

2>H6 
3 

3H« 
3H6 

3H 
3H 

2Hs 

bHs 

2?is 

2H 

2H 

2H 

2>i 
2Hs 

2Hs 

l2H 

bH 

2H 
2Ks 

2H6 

2Hs 

2Hs 
2H  ' 

l2H 

2H 
2iHs 
2iHs 
3 

3H 

2H 

2»H« 
2iHe 
3 

3H 

3H6 

2M. 

3H 

2M« 

2H 

2H 

2H 
2H 

2H 

21^6 

3H6 

2M« 

2^6 

2H 

2H6 

2Ks. 
2H%] 

b2H 

2»He 

21^6 

21M6 

2iKe 

2H 

2H 
3 

2H 
2H 
2H 

2H 
2H 

2»Hs 
2»Hs 

2H 

21H6 

Values  below  and  to  right  of  upper  xigzag  line  are  large  enough  for  H-ii^>  rivets. 
Values  below  and  to  right  of  lower  zigsag  line  are  large  enough  for  H-in.  rivets.  n 

124€.  Driving  of  Rivets — ^Field  and  Shop. — Rivets  driven  in  the  shop  are  called 
shop  rivets  and  those  driven  in  the  field  are  known  as  field  rivets. 

Rivets  may  be  driven  by  machines  or  by  hand.  Hand  rivet- 
ing is  resorted  to  only  when  a  rivet  is  so  located  that  it  cannot  be 
driven  by  a  machine;  also  on  small  erection  jobs  where  the  expense 
of  providing  power  would  be  too  great;  and  in  shops  when  a  few 
rivets  have  to  be  driven  after  the  member  has  been  removed  from 

full  Osunfirwnk  CoonlwM*  the  riveter. 


Fia.  161. 


The  process  of  driving  a  rivet  is  as  follows:  The  rivet  is  heated 
to  the  proper  temperature,  inserted  in  the  rivet  hole  and  while  the 
head  is  held  tight  against  the  member,  a  head  is  formed  on  the 
end  of  the  shank  extending  out  to  the  hole  (see  Fig.  161). 

In  hand  riveting  the  end  of  the  shank  is  hammered  down  in  the  shape  of  a  head,  then  a 
hammer,  called  a  snap,  the  head  of  which  is  cup  shaped,  is  placed  over  the  rough  head  and  ham- 
mered until  the  head  is  of  the  proper  shape.  A  dolly  bar,  which  has  a  cup  shaped  face,  is  held 
against  one  head  of  the  rivet  while  the  other  head  is  formed. 

Machine  riveters  may  be  operated  by  compressed  air,  steam,  or  by  hydraulic  power. 
Compressed  air  riveters  are  portable,  while  steam  and  most  hydraulic  riveters  are  stationary. 
Power  riveters  may  be  either  direct  or  indirect  acting ;  by  means  of  a  direct  acting  riveter  it  is 
possible  to  keep  the  full  pressure  on  the  rivet  as  long  as  desired.  Very  satisfactory  work  can 
be  perfomed  by  the  pneumatic  riveting  hammer  which  delivers  very  rapid  but  comparatively 
light  blows. 

Loose  Rivets. — Rivets  are  not  alwa3rs  tight,  as  they  should  be,  after  driving.  When  a  loose 
rivet  is  found  it  should  be  removed,  if  possible,  and  another  driven  in  its  place.  Of  course, 
if  a  rivet  takes  no  definite  stress  and  is  so  located  that  it  is  difficult  to  get  at,  judgment  should 
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be  used  as  to  Whether  or  not  it  should  be  removed.     Loose  rivets  can  be  detected  by  tapping 
the  rivet  head  with  &  hammer. 

Clearance. — It  is  not  poaeible  to  drive  a  rivet  unless  there  is  ample  clearance  for  the  die 
on  the  rivet-er.  The  required  clearance  varies  with  the  size  of  the  rivet  (see  Figs.  1C2  and  163). 
Tables  0  and  10  pvc  the  rivet  spacing  necessary  for  driving  different  sizes  of  rivets. 


r^ 

nrflftytt 

f     a-  • 

the  spacing  used  should  not  be  less  than  that 


Fia.  162. 

When  on  angle 
given  in  Fig.  164. 

12V-  Rivet  Fmilures. — It  in  Fig.  165,  the  forces  P  are  a^eumed  to  act  in  the 
directions  indicated  by  the  arrows,  bar  A  will  move  to  the  left  and  bar  B  to  the  right.  Suppose 
thftt  before  the  forces  P  are  applied,  the  bars  are  riveted  together,     Now  if  forces  P  are  made 


lai^  enough,  the  bare  will  move  as  indicated  in  Fig.  166  and  the  rivet  is  said  to  have  sheared 
off  in  single  shear.  If  three  bars  are  used,  as  shown  in  Fig.  167,  and  the  forces  are  made  lai^e 
enou^,  the  rivet  will  shear  off  again,  but  this  time  on  two  planes  (see  Fig.  188),  and  the  rivet 
is  said  to  have  failed  in  double  shear. 

Failures  m  shown  in  Fig,  166  and  168  will  occur  pro-  _ 
viding  the  bars  are  wide  and  thick  enough  and  the  rivet  is 
far  enough  from  the  ends  of  the  bars.  Suppose  that  bsx 
A  in  [^.  165  is  not  as  thick  as  bar  B\  then  instead  of  the 
rivet  shearing  off,  the  failure  might  occur  as  shown  in  Fig. 
169.  In  this  case  the  rivet  has  crushed  through  the  top 
bar.  This  is  called  a  failure  in  bearing.  If  the  bar  is 
harder  than  the  rivet,  which  is  usually  the  case,  the  rivet  will  be  crushed  by  the  bar. 

1340.  Shearing  and  Bearing  Values. — Practically  all  rivets  naed  in  structural 
work  have  to  resist  stresses  caused  by  shear,  bearing,  and  bending. 

Table  9.' — Rivet  Spacing 

American  Bridge  Company  Standard 

Minimum  Stagger  for  Rivets 
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Table  10 J — Clearance  for  Cover  Plate  RivETiNa 

(Dimensions  in  Inches) 
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The  allowable  unit  stresses  on  rivets  are  not  at  all  uniform  throughout  the  country.  Values 
for  shear  on  shop  rivets  vary  from  9000  to  12,000  lb.  per  sq.  in.  and  the  corresponding  unit 
bearing  values  are  usually  twice  those  for  shear.  Values  for  field  driven  rivets  vary  from  %  to 
5^  of  those  for  shop  driven  rivets. 

The  value  of  a  rivet  in  single  shear  is  the  area  of  the  rivet  times  the  allowable  unit  stress 
in  shear  and  the  double  shearing  value  is  just  twice  as  great. 

niustrative  Problem. — What  are  the  values  for  a  K-in-  rivet  in  single  and  double  ahear  when  the  allowable 
unit  shearing  stress  is  10,000  lb.  per  sq.  in.? 

The  area  of  a  f^-in.  rivet  is  0.442  sq.  in.,  so  the  value  in  single  shear  is 

(0.442)  (10.000)  -  44201b. 

and  in  double  shear  it  is  just  twice  as  much,  or 

(4420)  (2)  -  8840  1b. 

The  bearing  value  of  a  rivet  is  the  diameter  of  the  rivet,  times  the  thickness  of  plate, 
times  the  allowable  unit  stress  in  bearing. 

Illustrative  Problem. — What  is  the  bearing  value  of  a  ^-in.  rivet  on  a  H-in-  plate  if  the  allowable  unit  bearing 
stress  is  20,000  lb.  per  sq.  in.  7 
The  value  is 

(H)(H)  (20,000)  -  76001b. 

Stresses  caused  by  bending  are  usually  considered  only  in  case  of  long  rivets  or  when  loose 
fillers  are  used.  For  long  rivets  a  certain  per  cent,  of  the  nimiber  of  rivets  required  is  added 
(see  Art.  124a).  When  rivets  carrying  stress  pass  through  loose  fillers,  the  number  of  rivets 
should  be  increased  50  %  and  when  possible,  the  extra  rivets  should  be  outside  of  the  connected 
member  (see  Fig.  218,  p.  288). 

Some  specifications  allow  one-half  the  value  of  a  button  head  rivet  for  a  countersunk  rivet 
if  shop  driven,  and  no  allowance  is  made  if  the  countersunk  rivet  is  hand  driven.  A  general 
rule  is  to  allow  half  value  for  countersunk  rivets  in  a  plate  ^  in.  thick  and  over,  and  nothing 
when  the  plate  is  less  than  %  in.  thick. 

R.  Fleming  recommends  the  following  rules:* 

Rivets  with  countersunk  heads  shall  be  assumed  to  have  ^^  the  value  of  corresponding  rivets  with  full  heads, 
but  no  value  shall  be  allowed  for  countersunk  rivets  in  plates  of  a  thickness  less  than  one-half  the  diameter  of  the 
rivet. 

Rivets  with  flattened  heads  of  height  not  less  than  three-eighths  of  an  inch,  or  one-half  the  diameter  of  the  rivet 
for  ^^-in.  rivets  and  less,  shall  be  assumed  to  have  Ko  the  strength  of  rivets  that  have  full  heads. 

When  heads  are  flattened  to  less  than  these  heights,  they  shall  be  assumed  to  have  the  strength  of  oounterstmk 
rivets. 

The  allowable  unit  stresses  on  turned  bolts  in  reamed  holes  are  usually  the  same  as  on 
field  rivets.  The  value  for  machine  bolts  is  considered  to  be  three-quarters  of  those  for  turned 
bolts. 

124^.  Rivets  vs.  Bolts  in  Direct  Tension. — Direct  tension  on  rivet  heads  should 
not  be  allowed  except  possibly  in  unimportant  connections.  If  rivets  are  used  in  direct  tension 
the  connection  should  be  compact,  the  material  amply  thick,  and  the  groups  of  rivets  should 
be  symmetrically  arranged  about  the  line  of  action  of  the  pull  on  the  connection.     Not  less  than 

>  From  Pocket  C!ompanion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
«  See  Etig.   News,  Sept.  14,  1916. 
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4  rivets  should  be  used  in  a  connection  of  this  kind.  The  amount  of  stress  on  a  rivet  head  after 
the  rivet  is  driven  is  uncertain;  also  the  rivet  may  have  been  burned  in  heating  or  it  may  not 
have  been  driven  properly.  Rivet  heads  may  sometimes  snap  off  (1)  on  cooling  after  driving, 
(2)  in  extreme  cold  weather,  or  (3)  when  struck  with  a  hammer.  Instead  of  using  rivets  in 
direct  tension,  it  is  better  to  ream  out  the  holes  and  use  bolts  which  have  been  turned  to  a  driving 
fit. 

In  case  rivets  are  used,  the  value  of  a  rivet  tihould  not  be  greater  than  one-half  its 
single  shear  value.  In  using  turned  bolts,  a  value  of  10,000  lb.  per  sq.  in.  on  the  net  area 
at  the  root  of  the  thread  should  not  be  exceeded.  Also,  the  bearing  area  under  both  the 
head  and  nut  should  be  at  right  angles  to  the  axis  of  the  bolt. 

124i.  Use  of  Bolts. — Bolts  are  often  used  in  place  of  rivets  and  for  certain 
classes  of  work  are  preferable  because  they  have  proven  to  be  satisfactory  and  are  more 
economical.' 

The  American  Bridge  Company  allows  the  following  unit  stresses  on  bolts  in  building 
construction. 

9000  lb.  per  sq.  in.  in  shear 
18,000  lb.  per  sq.  in.  in  bearing 

The  above  values  are  for  ordinary  bolts  in  holes  punched  Ke  hi.  larger  than  the  size  of  the  bolt. 

A  washer  under  the  nut  will  allow  ample  threading  to  tighten  the  nut  properly.  If  a 
bolt  is  threaded  too  much,  the  bearing  area  will  be  reduced.  After  a  nut  is  tightened  up, 
some  method  of  locking  the  nut  should  be  used  to  prevent  it  from  working  off. 

R.  Fleming^  makes  the  following  suggestions  for  the  uses  of  bolts: 

It  is  believed  that  bolted  oonneotions  are  i>ermi88ible  for  the  fcllowing: 

Buildings  of  one  story,  not  of  great  height  and  acting  mainly  as  shelters.  Such  buildings  carry  no  shafting 
or  electric  traveling  cranes  and  unless  exposed  to  unusual  winds  there  is  little  reason  why  field  connections  may  not 
be  bolted  throughout. 

Buildings  for  temporary  use. 

Subordinate  framing  such  as  that  required  for  stairs,  doors,  windows,  partitions,  ceilings,  monitors,  pent  houses, 
curbs  and  railing.  It  is  often  desirable,  if  not  necessary,  to  have  framing  arotmd  windows,  doors,  skylights,  and 
similar  wcH-k  bolted  in  order  to  secure  proper  adjustment  for  the  work  of  other  contractors. 

Purlins  and  girts,  except  where  they  form  an  integral  part  of  a  system  of  bracing.  There  is  little  reason  why 
the  clips  to  which  purlins  and  girts  are  attached  should  not  be  shop-bolted,  instead  of  shop-riveted,  to  main  mem- 
bers.    The  same  is  true  of  many  connections  for  subordinate  framing. 

Hatform  and  floor  plates.  If  there  are  trucks  mo>ing  on  the  floor,  or  if  there  is  shoveling  of  coal  or  material, 
countersunk-head  bolts  should  be  used.  An  indentation  in  the  head  is  convenient  to  hold  a  bolt  while  the  nut  is 
being  turned.     In  other  oases  bolts  with  button  heads  not  over  ^i  or  ^^  ia.  high  may  be  used. 

Connections  of  beams  to  beams  and  beams  to  girders  in  floors  that  do  not  support  machinery,  shafting  or 
rolling  loads.  This  is  an  important  item  in  a  many-storied  office  building  or  hotel.  If  the  connections  of  floor 
members  to  columns  are  riveted  the  structure  is  stiff  transversely  and  longitudinally.  Little  is  gained  in  stiffness 
and  much  is  added  to  expense  by  riveting  connections  of  fiUing-in  members.  Moreover,  in  fireproof  construction 
the  bolts  are  embedded  in  concrete,  a  fact  which  should  assure  any  doubter  that  there  is  no  chance  of  nuts  becrming 
loose.  The  specification  for  a  12-«tory  apartment  house  in  New  York  City  has  the  clause:  "All  connections  within 
3  ft.  of  the  column  centers  must  be  riveted.  All  tank  and  sheave  beam  supports  must  be  riveted.  Other  connec- 
tions may  be  bolted.**  In  this  particular  building  the  beams  upon  which  some  columns  depend  for  lateral  stiffness 
do  not  connect  directly  to  the  columns,  but  frame  a  foot  or  two  away  into  other  connecting  beams.  Is  not  this  a 
commendable  clause  for  similar  cases? 

Bracing  connections  not  subject  to  direct  stress.  This  refers  particularly  to  the  intersection  of  bracing  angles 
midway  between  trusses  and  columns.  An  over-sealous  inspector  will  sometimes  insist  upon  specifications  being 
earned  out  to  the  letter  and  that  rivets  be  used.  This  necessitates  riveting  from  a  special  rigging  at  a  cost  of  a 
dollar  or  two  per  rivet.     The  cost  would  not  be  a  valid  objection  provided  anything  were  gained  by  it. 

Connections  not  subject  to  shearing  stress  at  points  where  members  rest  upon  other  members. 

126.  Lap  and  Butt  Joints. — ^Joints  in  structural  work  may  be  divided  into  two  kinds — 
viz.,  the  lap  joint  and  the  butt  joint  (see  Fig.  170).  A  lap  joint  is  a  joint  in  which  the  members 
joined  extend  over  or  lap  on  each  other.  A  butt  joint  is  one  in  which  the  ends  of  the  members 
joined  come  together  or  butt  against  each  other. 

The  joints  shown  in  Figs.  170(a)  and  170(6)  are  eccentric  and  are  acted  on  by  the  moment 

1  Bng.  Newt-Rec,  Atig.  14.  1919. 
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Pt,  The  joints  however,  deform  and  the  bars  tend  to  take  the  position  shown  in  Figs.  171 
and  172.     This  reduces  the  moment  but  causes  some  direct  tension  on  the  rivet  heads. 

Rivets  may  be  arranged  in  different  ways.  Fig.  173(a)  shows  what  is  called  chain  riveting 
and  the  rivets  in  Fig.  173(6)  are  said  to  be  staggered. 

The  butt  joint  with  two  cover  plates  makes  the  most  satisfactory  splice  for  b^ars  and  plates. 
It  is  also  used  for  splicing  both  tension  and  compression  members  in  a  structure.  Connections 
between  the  different  members  of  a  structure  may  be  in  the  form  of  a  lap  or  butt  joint  and  very 
often  take  the  form  of  what  may  be  called  a  double  lap  joint  (see  Fig.  174). 
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126a.  Failure  of  Joints. — A  joint  may  fail  (1)  by  shearing  off  the  rivets  (see 
Figs.  166  and  168),  (2)  by  crushing  the  rivets  or  plate  (see  Fig.  169),  (3)  by  tearing  across  a  line 
of  rivets  (see  Fig.  175),  (4)  by  breaking  through  a  hole  (see  Pig.  176),  or  (5)  by  the  rivets  shearing 
out  the  plate  (see  Fig.  177). 
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Fig.  173. 


The  first  failure  may  be  prevented  by  using  more  or  larger  rivets ;  the  second,  by  increasing 
the  thickness  of  platen,  or  by  increasing  the  number  or  size  of  rivets;  the  third,  by  making  the 
plates  wider,  that  is,  increasing  the  edge  distance ;  the  fourth  and  fifth,  by  increasing  the  end 
distance. 

125&.  Distribution  of  Stress  in  Joints. — In  a  riveted  joint  or  connection,  it  is 
not  possible  to  determine  just  how  the  stress  is  distributed  cither  through  the  members  joined 


am  nm  no 


Fio.  174. 


Fig.  175. 


Fio.  170. 


Fio.  177. 


or  the  rivets  joining  them.  The  following  assumptions  are  made:  (1)  that  the  stress  in  tension 
members  is  uniformly  distributed  over  the  net  section ;  (2)  that  the  rivets  in  compression  mem- 
bers completely  fill  the  holes,  and  that  the  stress  is  uniformly  distributed  over  the  gross  area; 
and  (3)  that  each  rivet  takes  an  equal  part  of  the  stress.  (For  eccentric  connections,  see 
Art.  130.) 

126c.  Friction  in  Joints. — The  stress  on  rivet  heads  due  to  shrinkage  exerts 
great  pressure  on  the  members  joined  and  causes  friction  between  them.     Tests ^  on  riveted 
»  Teste  on  riveted  joints.     Proceedinga  of  The  Am.  Ry.  Eng.  and  Maint.  of  Way  Abso.,  vol.  6,  1905,  p.  272. 
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joints  have  shown  that  the  f  notional  resistance  amounts  to  several  thousand  pounds  per  square 
inch  of  rivet  area.  In  these  tests  there  was  practically  no  movement  in  the  joint  until  consider- 
able load  had  been  applied.  For  the  next  few  thousand  pounds  increase  in  the  load,  there  was  a 
slight  slip  evidently  due  to  an  adjustment  of  the  joint  after  the  frictional  resistance  had  been 
overcome.  After  this  adjustment,  the  rate  of  increase  in  slip  was  less  imtil  permanent  dis- 
tortion began. 

Frictional  resistance  is  not  considered  in  computing  the  strength  of  a  joint. 

126d.  Joint  Computations. — The  stresses  on  rivets  in  a  joint  are  usually  com- 
puted only  for  shear  and  bearing.  Whether  the  strength  of  a  joint  is  governed  by  shear  or 
bearing  depends  on  which  gives  the  lesser  value.  The  following  problems  are  solved  to  show 
the  method  of  procedure  in  computing  the  strength  of  a  joint.  In  each  case  a  ^-in.  rivet  is 
used  aikl  the  allowable  unit  stresses  in  shear  and  bearing  are  10,000  and  20,000  lb.  per  sq.  in. 

BlnstratiTe  Problem. — Assume  a  lap  joint  composed  o^  two  H'iQ*  b&rs  (see  Fig.  178).  Compute  the  strength 
of  the  joint. 

The  rivet  is  in  single  shear  and  bearing  on  a  H-in*  bar.  The  area  of  the  rivet  is  0.442  sq.  in.  and  the  single 
shear  value  is 

(0.442X10.000)  -  44201b. 

The  bearing  value  is 

(K)ai)  (20,000)  -  76001b. 

Sinoe  the  value  in  bearing  is  the  larger,  the  strength  is  governed  by  the  shearing  value  and  is  4420  lb. 
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Fia.  178.  FiQ.  179. 

UostratiTe  Problem. — Assume  one  of  the  bars  in  Fig.  178  to  be  >^  in.  thick.  Compute  the  strength  of  the 
joint. 

The  shearing  value  remains  the  same  as  in  the  preceding  problem  and  is  4420  lb.     The  bearing  value  is 

(^4)  Oi)  (20,000)  -  37501b. 

The  bearing  value  governs  sinoe  it  is  less  than  the  shearing  value,  and  the  strength  of  the  joint  is  3750  lb. 

niastrative  Problem. — Assume  a  double  lap  joint  composed  of  two  >^-in.  bars  and  one  >i-in.  bar  (see  Fig.  170). 
Compute  Jthe  strength  of  the  joint. 

In  this  case  the  rivet  is  in  double  shear  and  (sinoe  the  sum  of  the  thicknesses  of  the  two  outside  bars  is  H  in*) 
bearing  on  a  H'i^-  bar.     The  value  in  double  shear  is 

(2)  (4420)  -  88401b. 

The  l^earing  value  on  a  H-in>  bar  is  7500  lb.     The  strength  of  the  joint  is,  therefore,  7500  lb. 

niastrative  Problem. — ^Assume  the  H-in-  bar  in  Fig.  170  to  be  changed  to  a  ^-in.  bar.  What  is  the  strength 
of  the  joint? 

The  shearing  value  is  the  same  as  in  the  preceding  problem,  or  8840  lb.  The  sum  of  the  two  K-in*  bars  is 
greater  than  ^  in.,  so  the  H-in*  bar  governs  for  bearing.     The  bearing  value  on  the  H-^-  bar  is 

(^)(H)  (20.000)  -  5625  1b. 

Since  this  value  is  less  than  the  shearing  value,  the  strength  of  the  joint  is  5625  lb. 

For  members  carrying  stress,  not  less  than  two  rivets  should  be  used  in  a  connection. 
This  does  not  hold  for  lacing  bars. 

Table  11  will  save  considerable  work  in  computing  the  shearing  and  bearing  values  on 
rivets.  Hie  values  computed  in  the  above  problems  may  be  found  directly  from  the  table. 
At  10,000  lb.  per  sq.  in.,  the  shearing  values  in  the  table  for  a  ^^-in.  rivet  are:  single  shear,  4420 
lb. ;  double  shear,  8840  lb.  At  20, (XX)  lb.  per  sq.  in.,  the  bearing  values' are  as  follows:  bearing 
oa  a  H-in^  fii&te,  7600  lb. ;  on  a  K-ui*  plat^,  3750  lb. ;  and  on  a  ^-in.  plate,  5625  lb. 
18 
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DhistratiT*  Problem. — Using  the  table  for  rivet  values.  determiQe  the  number  of  ^-in.  rivets  required  to 
ooiuiect  the  plates  shown  in  Fig.  180.     The  unit  values  in  shear  and  bearing  are  10,000  and  20,000  lb.  per  sq.  in. 

The  shear  between  plates  1  and  2  is  50,000  lb.;  between  2  and  3  is  60.000  lb.;  between  3  and  4  is  40.000  lb.; 
ftod  between  4  and  5  is  70,000  lb. 

The  maximum  shear  occurs  between  plates  4  and  5,  and  is  70,000  lb.  From  the  table  the  allowable  shear  on 
a  K-in<  rivet  is  4420  lb.  and  the  number  of  rivets  required  for  shear  is 

70.000        ,-    .     . 

— ■■  lo  nvets 

4420 

The  bearing  value  of  a  ^-in.  rivet  on  a  H'i^-  plate  is  7500  lb.  and  the  number  of  rivets  required  for  plates  2  or  4  ia 

110.000 


For  plate  3 
For  plate  1 
For  plate  5 


7600 
100.000 

6560 
50.000 

4090 
70.000 

5625 


—  15  rivets 

—  16  rivets 

—  10  rivets 


-  ISriveU 


//tlOOl?, 


ticfiOoS 


XL 


35ZC 


Fig.  180. 


From  the  above  it  is  seen  that  if  16  rivets  are  iised.  all  the  shearing  and  bearing  stresses  will  be  taken  care  of. 

It  will  be  noted  that  in  this  connection  the  tendency  is  to  shear  each  rivet  at  four  different 
sections.  If  plate  1  is  placed  between  plates  2  and  3,  the  tendency  will  be  to  shear  each  rivet  at 
three  sections  and  the  maximum  shear  will  then  be  110,000  lb.  The  rivets  will  be  in  triple 
shear.  Thus  it  is  seen  that  by  properly  arranging  the  plates  the  minimum  shear  on  the  rivets 
may  be  obtained.  This  consideration  can  very  often  be  made  use  of  in  designing  connections 
in  which  a  number  of  plates  are  used. 

The  shearing  and  bearing  values  for  unit  stress  not  given  in  the  table  may  be  found 
from  the  table  as  explained  in  the  following  illustrative  problem. 

mustrative  Problem. — Suppose  the  allowable  unit  shearing  stress  is  7500  lb.  per  sq.  in.  and  the  unit  bearing 

is  15.000  lb.  per  sq.  in.     Find  the  shearing  value  of  a  ^-in.  rivet  and  also  the  bearing  value  on  a  H  6~iQ>  plate. 

At  7000  lb.  per  sq.  in.  the  shearing  value  is  3000  lb.  and  at  8000  lb.  per  sq.  in.,  it  is  3530  lb. 

3090  +  3530 
Then  at  7500  lb.  per  sq.  in.,  the  value  is 5 -  3310  lb. 


In  the  same  way  the  bearing  value  is  found  to  be 


4590  +  5250 


-  4920  lb. 


The  same  results  may  be  obtained  by  another  method  as  follows:  At  7000  lb.  per  sq.  in.  the  shearing  value  is 
SOOO  lb.  Then  at  75001b.  per  sq.  in.,  it  is  3090  (7^)  -  3310  lb.,  and  the  bearing  value  is  4590  (Jf^)  -  4920 
lb. 


r 


Fig.  181. 


Fig.  182. 


Fig.  183. 


126e.  Net  Sections. — As  the  strength  of  a  tension  member  depends  on  its  net 
area,  care  should  be  taken  in  the  arrangement  of  rivets  so  that  the  area  will  not  be  reduced 
more  than  necessary  by. the  rivet  holes.  Consider  the  splice  shown  in  Fig.  181.  The  area 
of  the  plate  is  reduced  by  three  holes.  By  lengthening  the  splice  plates  (see  Fig.  182)  the  rivets 
can  be  arranged  so  that  the  area  of  the  plates  wUl  be  reduced  by  only  two  holes.  A  better  ar- 
rangement is  shown  in  Fig.  183.  Here  the  area  of  the  plates  is  reduced  by  only  one  hole.  In 
this  case  the  area  of  the  splice  plates  is  reduced  by  three  holes  but  it  is  much  more  economical 
to  increase  the  area  of  the  splice  plates  which  are  short,  than  the  area  of  the  main  plates  which 
may  be  of  considerable  length.'  Of  course,  there  are  cases  in  which  a  more  economical  splice 
may  be  designed  if  the  rivets  are  so  arranged  that  the  area  of  the  splice  plates  is  not  reduced  too 
much  (see  Fig.  198,  p.  280). 

In  computing  the  net  area  of  a  member,  the  diameter  of  the  hole  is  considered  to  be  H  in. 
greater  than  the  diameter  of  the  rivet  used.  For  countersunk  rivets  the  diameter  of  the  holes 
is  usually  considered  to  be  >i  in.  greater  than  the  diameter  of  the  rivet  when  the  thickness  of  the 


276 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  8-1256 


member  is  ^  in.  or  less.    Table  12  gives  the  areas  in  sq.  in.  to  be  deducted  for  different  sizes 
of  holes  through  different  thicknesses  of  metal. 

Table  12.' — Reduction  of  Abea  for  Rivet  Holes 

(Area  in  Square  Inches  ■■  Diameter  of  Hole  X  Thickneea  offMetal) 


Thick- 

Diameter of  hole  (inches) 

ness  of 
metal 

1 

(inches) 

K 

H 

Ms 

M 

»Ms 

>i 

^Ms 

H 

»Ms 

1 

IKs 

IH 

Ms 

0.060.09 

0.11 

0.12 

0.13 

0.14 

0.150.16 

0.180.19 

0.20 

0.21 

yi 

0.06 

0.13 

0.14 

0.16 

0.17 

0.19 

0.20 

0.22 

0.23 

0.25 

0.27 

0.28 

Ms 

0.08 

0.16 

0.18 

0.20 

0.21 

0.23 

0.25 

0.27 

0.29 

0.31 

0.33 

0.35 

H 

0.09 

0.19 

0.21 

0.23  0.26 

0.28 

0.30 

0.33 

0.35 

0.38 

0.40 

0.42 

Ks 

0.11 

0.22 

0.25 

0.27 

0.30 

0.33 

0.36  0.38 

0.41 

0.44 

0.46 

0.49 

H 

0.13 

0.25 

0.28 

0.31 

0.34 

0.38 

0.41 

0.44 

0.47 

0.50 

0.53 

0.56 

Ms 

0.14 

0.28 

0.32 

0.36 

0.39 

0.42 

0,46 

0.49 

0.53 

0.56 

0.60 

0.63 

H 

0.16 

0.31 

0.35 

0.39 

0.43 

0.47 

0.51 

0.55 

0.59 

0.63 

0.66 

0.70 

*Hs 

0.17 

0.34 

0.39 

0.43 

0.47 

0.52 

0.56 

0.60 

0.64 

0.69 

0.73 

0.77 

H 

0.19 

0.38 

0.42 

0.47 

0.52 

0.56 

0.61 

0.66 

0.70 

0.75 

0.80 

0.84 

*Hs 

0.20 

0.41 

0.46 

0.51 

0.56 

0.61 

0.66 

0.71 

0.76 

0.81 

0.86 

0.91 

H 

0.22 

0.44 

0.49:0.55l0.60!0.66 

0.710.77 

0.82 

0.88 

0.93 

0.98 

»Ks 

0.23 

0.47 

0  .53i0  .69 

0.64  0.70 

0.76  0.82  0.88 

0.94 

1.00 

1.05 

1 

0.25 

0.50 

0.66 

0.63 

0.69 

0.75 

0.81 

0.88 

0.94 

1.00 

1.06 

1.13 

iHs 

0.27 

0.53 

0.60 

0.66 

0.73 

0.80 

0.86 

0.93 

1.00 

1.06 

1.13 

1.20 

IH 

0.28 

0.56 

0.63 

0.70 

0.77 

0.84 

0.91 

0.98 

1.05 

1.13 

1.20 

1.27 

iMs 

0.30 

0.59 

0.67 

0.74 

0.82 

0.89 

0.96 

1.04 

1.11 

1.19 

1.26 

1.34 

IH 

0.31 

0.63 

0.70 

0.78 

0.86 

0.94 

1.02 

1.09 

1.17 

1.25 

1.33 

1.41 

iMs 

0.33 

0.66 

0.74 

0.82 

0.90 

0.98 

1.07 

1.15 

1.23 

1.31 

1.39 

1.48 

IH 

0.84 

0.69 

0.77 

0.86 

0.95 

1.03 

1.12;i.20 

1.29 

1.38 

1.46 

1.65 

iMs 

0.36 

0.72 

0.81 

0.90 

0.99 

1.08 

1.17 

1.23 

1.35 

1.44 

1.53 

1.62 

IH 

0.38 

0.75 

0.84 

0.94 

1.03 

1.13 

1.22 

1.31 

1.41 

1 .50  1 .59 

1.69 

l^^ 


K 


Fxa.  184. 


nitiatratiTe  Problem. — What  is  the  net  area  of  a  bar  4  in.  wide  and  H  in-  thick,  with  one  hole  for  a  f^-in. 
rivet? 

The  diameter  of  the  hole  to  be  deducted  is  M  +  H  ■"  K  in*  From  Table  12  the  area  to  be  deducted  is  0.44 
■q.  in.     The  net  area,  therefore,  is  (4)(H)  —  0.44  ■•  1.56  in. 

The  proper  design  of  a  tension  member  requires  that  the  net 
area  should  be  computed  on  diagonal  as  well  as  on  transverse  lines. 
That  is,  the  net  area  should  be  computed  not  only  on  line  aa  (see 
Fig.  184)  but  also  on  line  abed.  Some  specifications  require  that  the 
net  area  should  be  considered  on  line  abed  unless  it  exceeds  that  on 
aa  by  30%.  The  usual  method,  however,  is  to  make  the  net  area 
on  line  abed  equal  to  that  on  line  aa.     When  this  method  is  used 

it  is  desirable  to  find  the  pitch  p  (see  Fig.  1S4)  which  will  give  equal  areas  on  sections  aa  and 

abed. 

Let  vf  be  the  width  of  the  member;  g,  the  distance  between  gage  lines;  and  d  the  diameter  of  the  hole  to  be  de- 
ducted.    The  net  width  on  aa  will  then  hew  —  d.     On  section  <ibcd,  the  net  width  will  be  to  —  (^  +  Va*  +  P*  "~  3d. 

Equating  these  two  widths,  

IP  —  d^w  —  Q-\-  •\/(7«  +  p«  —  2d 
or  \/(^«  +  p«  —  10  —  d  —  tu  +  (^  +  2d  —  (^+d 

Squaring  ff'  +  P*  -  ^*  +  2gd  +  d* 

and  p*  -  2gd  +  d* 

or  p  -  V2gd  +  d> 

Table  13  gives  different  values  of  p  for  corresponding  values  of  o  for  ^-  and  J-i-in.  rivets. 

1  From  Pocket  (Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 
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If  the  rivets  are  arranged  as  shown  in  Fig.  186,  the  value  of  p  will  be  one-half  as  large  and  the  formula  will  be 

Table  13.^ — Stagger  op  Rivets  to  Maintain  Net  Section 

(American  Bridge  Company  Standard) 

Dimensions  in  inches 


OmhJtouf 


Twohohsouf' 


^^3, 


d  —  diameter  of  rivet  +  H  in.  __^ 

p  -  d  ■  \/g«  -H  ps  —  2d  /  -2d  *  \/(^)«  +  p«  -  3d 

p  -  \/2ad  +  d«  P  -  \/2a'd  -t-  d« 

9  »  sum  of  gages  minus  thickness  of  angle. 

H-in.  rivets,  can  be  taken  at  H  in-  le^  than  for  ?^-in.  rivets. 

1-in.  rivets,  can  be  taken  at  H  in-  more  than  for  H-in.  rivets. 


The  following  method  takes  into  consideration  the  stress,  on  a  diagonal  section,  caused  by  a  combination  of 
the  shear  (parallel  to  the  section)  and  the  tension  normal  to  the  section.  From  the  formulas  for  maximum  stress 
on  a  diagonal  section  as  worked  out  by  V.  H.  Cochrane^,  the  following  formula  has  been  derived  by  T.  A.  Smith:' 


1 

«-in. 

^-in. 

K-in. 

%-in. 

rivet 

rivet 

rivet 

rivet 

Q 

P 

P 

a' 

P 

P 
3K« 

1 

IH 

IK 

5 

3Ms 

IH 

IH 

2 

6H 

3K 

3H 

2 

2H6 

2K 

6 

3H 

3K 

2H 

2>i 

2Ks 

6H 

3H 

3K 

3 

2H6 

2H 

7 

3H 

3H 

3H 

2Ms 

21M6 

7H 

3K 

4 

4 

21H6 

3 

8 

3K 

4H 

4H 

21^6 

3M« 

8H 

4 

4K 

X  -  ^  -   2(g«  +  P«-  dVg'  +  pQ 
^  dO  +  Vff«  +  4pO 


in  which  g  is  the  gage  (see  Fig.  186),  d  is  the  diameter  of  the  hole  (diam.  of  rivet  +  \ti  in.), 
p  is  the  pitch,  and  X  is  the  amount  of  rivet  hole  to  be  deducted  between  the  gage  lines. 
Values  of  JC  in  the  diagram  (Fig.  187)  were  worked  out  using  the  above  formula.  This  dia- 
gram is  for  H-in.  rivets  and  d  was  taken  as  1  in. 


LJ> 


13 


Fig.  185. 

In  computing  the  net  width  of  a  tension  member  by  this  method,  the  number  of  rivets  n,  to  be  deducted,  is 
as  follows  (see  Fig.  188);  considering  ^-in.  rivets 

n  -  1  +  Xi  +  Xi  +  Xs 

where  Xi,  Jts,  and  Xs  are  obtained  from  the  diagram  by  using  the  corresponding  values  of  p  and  o  for  each  diagonal 
distance.  The  value  1  is  for  the  outside  halves  of  the  two  outside  rivets  and  the  values  Xi,  Xs,  and  Xa  are  the 
values  to  be  deducted  from  the  gages  g\,  ff9,  and  9s.     The  net  width,  then,  would  be 

w  -  (1  +  Xi  +  Xi  -I-  Xa) 

A  larger  vahie  of  n  might  be  obtained  by  omitting  rivet  2  and  considering  section  1-3-4.  The  gage  for  1-3  would 
then  be  ffi  +  g*  and  the  corresponding  value  of  p  would  be  the  horisontal  distance  between  1  and  3.  In  any  case, 
the  net  area  to  be  used  will  be  for  the  section  giving  the  largest  value  of  n. 

Consider  the  values  for  pi.  ps,  pt,  gi,  gt^  and  gt  as  given  on  Fig.  188.     Compute  the  net  section  assuming  the 
plate  to  be  >i  in.  thick,  and  the  holes  to  be  for  ^-in.  rivets. 

C]k>nsidering  all  the  holes 

n  -  1  +  0.4  +  0.93  +  0.4  -  2.73 
C]k>nsidering  1.-3-4 

n  -  1  +  0.974  +  0.4  -  2.374 


I 


n 


Fio.  180. 


Since  the  larger  value  of  n  is  obtained  by  considering  all  the  holes,  the  net  section  will  be 
through  all  the  holes,  and  is 

(10  -  2.73)H  -  3.64  sq.  in. 
For  two  lines  of  rivets  (see  Fig.  186),  the  value  of  p,  such  that  only  one  hole  must  be  deducted,  is  found  where 
the  gage  line  intersects  the  horisontal  line  A  A  inFig.  187.     Suppose  g  ^  3  in.,  then  in  order  that  only  one  hole 
must  be  deducted,  p  would  have  to  eqtial  3.32  in.  or  3^6  in. 

For  three  lines  of  rivets  (see  Fig.   189)  the  value  of  p,  such  that  only  two  holes  must  be  deducted,  is  found 

where  the  gage  line  intersects  the  line  BB  in  Fig.  187.     If  a  -  2  in.,  then  p  would  have  to  equal  1.82  in.  or  iMs  in. 

For  three  lines  of  rivets  (see  Fig.  190)  the  value  of  p,  such  that  only  two  holes  must  be  deducted,  is  found  from 

the  looation  <4  a  vertical  line  cutting  gage  lines  gi  and  gt  at  an  eqtial  distance  above  and  below  the  line  BB  in  Fig. 

187.    If  91  «  2  in.  and  gt  ^  Sin.,  the  value  of  p  from  the  diagram  is  found  to  be  2.05  in.  or  2He  in.     This  result 

may  be  eheoked  as  follows:  _ 

For  p  =  2.05  and  g  ^  S  X  -  0.63 

0.37 


For  p  «  2.05  and  g  ^  2 


X  - 


1.00 


1  From  Pocket  Companion,  20th  edition,  Carnegie  Steel  Co.,  Pittsburgh,  Pa. 

*  See  Bng.  NewM,  April  23.  1908. 

•  See  Bng.  New$,  May  6,  1915. 
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by  divldinc  both  p  and  a  by  the  ■!»  of  rivat 


<  of  I  by  the  um< 

'(j+l)-" 


X  X  ~  0.641.     Tbaa 


"(1)^ 
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12B/.  Design  of  Joints. — The  joints  at  points  where  membera  tin  spliced  or  at 
points  where  the  stress  in 
one  member  is  tmnsferred 
to  another,  should  be  very 
carefully     designed.      A 


n 

^ 

-m^    . 

■ 

\       T 

.     » 

a 

\  If* 

lik 

IT 

.7 

Fio.  isa. 
joint  should    be    strong 
enough    to  develop  the 

X* 

member    joined    even 

though     the    computed 

■& 

stress  in  the  member  may 

be  less. 

r 

[ 

f  U 

0 

^ 

Fio.  IflO.       FiQ.  190. 

s 

The  solutions  of  the 

following  problems  show 

how  the  different  tables 

may    be     used    in    the 

£ 

design  of  joints. 

,] 

V 

\ 

i 

0 

Fio.  IDI. 

0 

£ 

3 

A 

5 

6 

DIjiIratlTe  Problam.— A 

Values  of  p 

in  Inches 

plateSXH  in.eatrying5S.500 

Fia.  lS7.-Duig™m 

or  valu«  of  T  (o  b 

dfductf. 

1  for  H-i 

.  riveW  (rf  - 

i  iQ.> 

the      allowable     unit     teaaile 

value  ot  the  plale  at    16.000 

lb.  .nd  t 

e  unit  values 

n  eh  car 

and  25.01 

.deal 

n  a  butt  toint  with  two  cover 

pl.t«.(» 

The 

beat  F»Hiblo 

rrmngemfnt  of  rive 

a  will  le 

ure  the  a 

r™  of  tl>e  pi 

teby 

one 

hole. 

Table  IS  .how. 

Uiat 

;  apliee  platea  will  be  r«duDod  by 
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more  than  one  hole,  a  thioknesa  of  Ke  in.  for  each  plate  will  be  assumed.  This  gives  a  total  thickness  of  ^i  in., 
which  is  greater  than  that  of  the  plates  spaced.  Table  1 1  shows  that  the  value  of  a  ^^-in.  rivet  in  bearing  on  a 
>^4n.  plate  is  9000  lb.  for  a  bearing  value  oi  24,000  lb.  per  sq.  in.  At  25,000  lb.  per  sq.  in.  the  corresponding  bear- 
ing value  ia  9000  (o^'!wv!f)  *  0^75  lb.     The  shearing  value  is  found  directly  from  the  table  and  is  10,600  lb.  since 

^24,000-' 

the  rivets  are  in  double  shear.     The  number  of  rivets  required  is, 

therefore, 

55,500 


9376 


-  6 


The  rivetfl  will  be  arranged  as  shown  in  Fig.  192,  which  shows  that  the 
area  of  each  splice  plate  is  reduced  by  three  holes.  Table  12  shows  that 
the  area  to  be  d^ucted  for  one  hole  on  a  He-in.  plate  b  0.27  sq.  in. 
Since  there  are  two  plates  and  three  holes  in  each  plate,  the  total  area 
to  be  deducted  is 

(3)(0.27)(2)  -  1.42  sq.  in. 

and  the  net  area  of  the  cover  plates  is 

(2)(8)(K«)  -  1.42  -  3.58  sq.  in. 
which  is  satisfactory.     The  net  area  of  the  8  X  H-in*  plate  on  section  &b  is  4  —  (2)  (0.44)  »  3.12  sq.  in.     Since 

EC   A/t/) 

the  stress  transmitted  to  the  splice  plates  by  each  rivet  is  — '-^—  —  9250  lb.  (assuming  each  rivet  to  take  the  same 


46.350 


6 

amount  of  stress),  the  stress  in  the  plate  at  section  66  is  55,500  —  9250  ■■  46.350  lb.     The  required  area  is  ,  ^  ^^^^  — 

2.9  sq.  in.,  and  the  area  is  satisfactory.     On  section  ce,  the  net  area  is  2.68  sq.  in.  and  the  required  area  ia  1.73 
■q.  in. 

Illnstrative  Problem. — Using  the  same  siae  rivets  and  the  same  unit  stresses,  design  a  lap  joint  for  the  above 

plates. 

In  this  joint  the  rivets  will  be  either  in  bearing  on  a  ^i-in.  plate,  or  in  single 
shear.  The  bearing  value  is  9375  lb.  and  the  shearing  value  is  53(X)  lb.  so  the 
latter  value  governs  and  the  number  of  rivets  required  is 

55,500 


iftUM 


5300 


10.5,  or  11  rivets 


Tne  rivets  should  be  arranged  as  shown  in  Fig.  193. 

66  is  3.12  sq.  in.  and  the  required  area  is 

55.600-5300       ,  ,^ 

-  3.14  sq.  in. 


The  net  area  on  section 


16.000 
which  is  close  enough. 

Xllastrattve  Problem. — The  rivet  pitch  and  spacing  are  shown  on  Fig.  193.  What  should  be  the  pitch  so  that 
only  one  hole  will  have  to  be  deducted  on  section  aa7 

P  -  HV20d  +  J«  -  HV2ilH)a4)  +  (J0«  -  0.90  in. 

This  value  checks  with  Table  13  which  gives  0.91  in.  (H  of  the  interpolated  value  for  g  equals  1H-)  Table  8  shows 
that  p  could  not  be  lees  than  1^  in.  for  a  f^-in.  rivet. 

If  the  other  method  ia  used,  will  more  than  three  holes  have  to  be  deducted  on  section  ee? 

Fig.  187  shows  that  only  three  holes  would  have  to  be  deducted  if  K-in*  rivets  were  used  so  no  more  will  have 
to  be  deducted  for  f^-in.  riveta. 

126^.  Efficiency  of  a  Joint — The  ratio  of  the  strength  of  a 
member  to  the  strength  of  a  joint  connecting  it  to  another  member,  is  called 
the  eflSciency  of  the  joint. 
126.  Splices  in  Trusses. 

126a.  Compression  Members. — The  usual  method  of  splic- 
ing a  compression  member  is  to  mill  the  ends  of  both  members  and  to  use 
splice  plates  with  a  couple  of  rows  of  rivets  on  each  side  of  the  splice  to  hold 
the  members  in  line  (see  Fig.  194).  A  splice  of  this  kind  should  be  made  at  or  near  a  joint, 
preferably  far  enough  from  the  joint  so  that  the  splice  connections  will  not  interfere  with  the 
joint  details.  This  method  of  splicing  is  entirely  satisfactory  for  direct  stress  providing  the 
ends  of  both  members  are  milled  properly.  When  the  ends  are  not  milled,  the  splice  plates 
and  number  of  rivets  should  be  sufficient  to  transfer  all  the  stress  across  the  splice  as  no  re- 
liance should  be  allowed  on  the  abutting  ends.  If  only  a  part  of  a  member  is  spliced,  the 
splice  should  be  made  strong  enough  to  develop  the  part  spliced  even  though  the  ends  may  be 
milled.  To  illustrate,  suppose  only  the  web  plate  in  Fig.  195  is  to  be  spliced;  then  even 
though  the  ends  of  the  web  plate  are  milled,  no  allowance  should  be  made  for  the  miUing. 
The  splice  plates  and  number  of  rivets  should  be  sufficient  to  develop  the  plate  spliced.     This 
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applies  partJcularly  to  splices  ia  plate  giid«r  flanges  where  the  different  porta  of  the  flange  an 
spliced  at  difieient  points. 

If  the  member  ia  subjected  to  bending,  the  resultant  stress  on  the  section  should  be  com- 
puted by  the  method  given  in  Sect.  1,  Art.  102.  If  there  is  tension  on  any  part  of  the  spUce  due 
to  bending,  the  epUce  and  number  of  rivets  should  be  sufficient  to  properly  transfer  the  Btreas 
serosa  the  splice.  The  method  used  in  a  case  of  this  kind  is  to  anume  a  splice  and  then  to 
cwnpute  the  fiber  stress.  Two  or  more  trials  may  be  necessary  to  obtain  a  satisfactory  s^ce. 
1386.  Tension  Members. — In  light  roof 
9  the  bottom  chord  splices  are  usually  located  so 

itbe  gusset  plate  can  be  used  as  a  splice  plate  (seo  Fi^. 
106  and  197).  Splices  may  bo  made  at  pomts  outside 
of  the  jdnt  and  no  part  of  the  gusset  (jate  used  (see 
Pig.  108}.  This  simplifies  the  computations,  especially 
when  the  members  spliced  carry  a  large  total  stress. 

When  the  splice  is  made  as  shown  in  Fig.  196,  a 
strip  of  gusset  plate  equal  to  the  depth  of  the  member  spUced  may  be  considered  as  splice 
plate.  A  spUce  [^te  should  be  used  on  the  bottom  of  the  members  spliced  (see  Figp.  106 
and  197).  Of  course,  there  are  splices  where  a  bottom  plate  would  not  be  worth  much  (see 
Pig.  199).  Better  increase  the  thickness  oF  the 
gusset  plate,  if  necessaiy,  and  cut  the  plate  as 
shown  by  dotted  line. 


Jb_ 


%'SLa 


If  part  of  the  gusset  plate  is  used  as  splice  plate,  it  is  well  te  investigate  the  stnes  at  the 
bottom  of  the  plate.    This  may  be  done  as  follows  (sec  Fig.  200): 


■H^m 


Sa 


id  Si  u  ths  total  value  of  tl 


■■o  th«  (uaMt  idato. 


n  wbich  a  u  tha  diataane  ^own  dd  He-  200  and  /  ia  the  mciusut  of  iocTtia  of  tbe  plate  about  aiia  lu  throuih 
th«  center  of  gravity  of  the  plate. 

To  this  value  of  /  add  tha  unit  ■treaa  due  to  direct  leuaion  on  the  part  of  the  gunet  pUte  conaidei«d  ae  aplioe 
plate.  This  gtreai  ii  the  total  value  ol  the  connection  between  member  3  and  tbe  cuaaat  pkat*  diTided  by  tbe 
area  of  that  portioo  of  the  luuet  plate  eonaidered  as  apUco  plate. 

In  designing  splices  for  built-up  members,  great  care  should  be  taken  to  arrange  the  splice 
material  and  rivets  so  each  part  of  the  member  will  be  amply  spliced.  This  appUes  to  both 
tension  and  compression  splices. 
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1*7.  Plate  Girdof  Web  Splices. — Plate  girder  webs  may  be  spliced  ins  number  of  differeat 
ws^B  ^ee  Figs.  201  to  205  inclusive).  The  kind  of  aplice  to  be  used  in  any  given  case  depends 
somewhat  on  the  aasumptaona  made  in  the  design  of  the  girder. 

Hie  splice  shown  in  Fig.  201  consists  of  a  plate  on  each  side  of  the  web.  When  no  part 
of  the  web  is  considered  as  flange  area,  this  splioe  is  designed  for  shear  only.  It  may  be  designed 
for  the  maximum  shear  Uta  web  is  capable  of  carrying,  or  for  the  maximum  shear  at  the  apUce. 
More  than  enough  rivets  should  be  used  on  each  side  of  the  splice  to  carry  the  total  aheor  con- 
sidered in  the  design;  usuallynot  leas  than  two  rows  of  rivets  on  each  side  of  the  splice  are  used. 
Unless  the  splice  is  made  at  a  point  where  there  is  considerable  excess  flai^  area,  a  few  extra 
rivets  should  be  used.  Even  though  no  part  of  the  web  is  considered  as  flange  area  in  designing 
the  girder,  the  web  will  resist  some  of  the  streases  caused  by  bending.  For  this  reason  the 
rivetA  in  Uie  splits  plates  will  be  over-stressed  if  just  enough  are  used  to  provide  for  shear. 
^^^-—^^  This  splice  b  also  used  when  a  part  of  the  web  is  considered  as  flange 

11  ,1  ,  (  area,  especially  when  the  splice  is  made  at  a  point  where  Uiere  ia  an 
I  I  i  I  i  excess  of  flange  area.  If  the  splice  is  made  at  a  point  where  the  shear 
I  i  I  ia  small,  the  design,  ia  usually  made  for  the  maximum  moment  the  web 
I  I  is  capable  of  carrying.  At  other  points  the  shear  should  be  considered 
I  I  in  the  design  and  the  correaponding  moment  used. 
I 1^1  The  splices  shown  in  Figs.  202  and  203  are  used  when  a  part  of  the 

L  I     i    ,iJ  web  is  considered  as  flange  area.    The  splice  in  each  case  consists  of  six 
Tia.  301.  plates,  four  plates  marked  A  and  two  plates  marked  B.     In  Fig.  202, 


A 


plates  A  are  usually  designed  for  moment  and  plates  B  for  shear.  In  !E1g.  203,  plates  B  are 
designed  for  shear  and  moment  and  plates  A  for  moment.  In  this  design  the  splice  ia  supposed 
to  be  equivalent  to  the  web  at  all  points.' 

llie  splices  shown  in  Figs.  204  and  205  are  sometimes  used  by  deeignera  who  claim  that  the 
other  splices  do  not  provide  for  horizontal  shear  in  the  web  at  the  edge  of  the  flange  angles. 

When  a  splice  is  made  near  the  end  of  a  cover  plate,  the  cover  plate  may  be  extended  and 
uaed  in  place  of  plates  A' in  Figa-  202  and  203  (see  Fig.  206).     When  this 
is  done,  plate  B  in  Fig.  202  should  be  the  full  depth  between  flange  angles,  f 
In  Fig.  203  the  aplice  will  not  be  equivalent  to  the  web  at  all  points  when  ) 
the  cover  plate  ia  uaed  in  place  of  plate  A.  I 

The  following  problems  are  worked  out  to  show  the  computations  j 
B  designing  the  kind  of  splices  shown  in  Figs,  201  and  202.     These  splice 


will  be  stronger  tban  necessary  because  they  are  deeigned  to  develop  the 
web  in  bending  and  in  addition  to  carry  shear.  In  actual  design  the 
moment  caused  by  the  loading  which  gives  the  ahcar  should  be  used  or 
moment  at  the  section  and  the  corresponding  shear.  To  illustrate,  consider  a  girder  carrying  a 
fixed  uniform  load.  If  the  splice  ia  made  at  the  center  (which  is  not  usually  done)  where  the 
shear  ia  sero,  the  splice  should  be  designed  for  moment  only.  The  usual  method  is  to  make  the 
splice  aa  strong  in  reaiating  bending  atresaea  as  the  web  would  be  if  it  were  not  spliced.  If,  on 
the  other  hand,  the  splice  is  made  at  say  the  quarter  point,  both  shear  and  moment  should  be 
considered  in  designing  the  splice.  The  values  uaed  should  be  those  computed  at  the  point 
where  the  spUce  ia  made.    In  this  caae,  neither  the  shear  nor  moment  will  be  a  maximum; 

■  Bm  voL  8  gl  Modsm  Framed  Struiitun*  by  Johuon,  Bryui  »Dd  TurDisim  lor  a  ttwttmeDt  of  thli  Bpliea. 
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the  Hbear  will  be  i4  of  the  maximum  on  the  girder  and  the  moment  ^.  The  design,  however, 
brings  out  all  the  necessary  computationa  in  the  design  of  web  splices. 

niutntin  Problsm.— Auume  b  pUt«  (inter  eg>j  in.  btuk  to  buck  ol  flmnse  snalaa.  Wab  pUu,  OS  x  ft  in- 
Plsace  so^ee,  S  X  a  X  Ht  in;  witli  one  cover  plaU  14  X  H«  in-  ■>kI  one  14  X  H  in-     H-'"<-  riveti. 

Rivet  vbIum.  iheu 12,000  lb.  persq-  in- 

beiriog M.QOO  ib.  per  .u.  in. 

ShBU  on  web  (eros«  urea) 10,000  Ib.  per  eq.  in. 

Tension  extreme  Bber 16.000  Id.  per  iq.  in. 

Sliesr  ftt  point  of  iplice 100.000  lb. 

The  splice  plstei  are  uaumed  la  be  56^£  in.  deep  (hs  Fig.  307).  Tlie  ure*  o(  tbe  web  coniidered  h  part  of  tha 
fluige  anmuHot  tbe  gidsa  web  urea.  One^iRhlh  aC  mb  area  it  yi  X  BS  X  H  -  3.1»  iq,  in.  ind  ia  Maumed  to 
■St  ftt  tbe  center  of  cnvity  of  the  flange  area  wbicb  is  6T.0S  in.  (see  Fig.  207)  between  eent«r  ol  tnvit]'  ol  top  and 
bottom  flanges. 

The  epiioe  will  be  desicned  asBuming  that  H  ol  tbe  web  uaa  carries  itg  full  moment. 
<3.19)(fl7.0SKlfl.0001  (^^-~)  -  3,270,000  in.-lb. 

The  Blrees  on  the  ertreme  fiber  is  usumed  to  tie  16.000  lb.  per  sq,  in.  (Some  deeicners  compute  the  etna* 
on  the  (irder  flinge  and  use  the  computed  itreee  in  deeigning  the  splice.)  The  stress  at  the  center  of  gravity  of 
the  fiance  would  then  be 

(10,000)("J^)  -  15.300  Ib.  per  sq.  in. 
Web  splioei  of  this  Idod  rna;  be  desiiined  to  take  the  same  moment  is  the  gtau  web  plate  does.     The  moment 

For  (he  groes  area  this  stress  would  be 
(lB,filO)(23.54)       .„„,„,. 

-.2, -  12,S10  lb.  per  sq.  in. 


^      _  3f-^'^i^«i<52*<S8J.3,700.000in.-lb. 

Fia  S07.  e 

The  above  method  of  computing  M  aesumee  that  there  are  no  holes  in  tbe  web.     If  holeB4  in.  apart  ai 


.W-^ 

in  which  /  -  15.S10  Ib.  per  sq.  in.  and 

^       (lfi.610)(M)(08)(88) 

-3.38 

ronger 

be  found  by  the  method  given  under  eccentric  connections 

(Ben  A 

undfo 

back 

between  rivets  and  the  nenter  of  gravity  o/tho  group  should 

differeaee  wUl  be  found  in  the  value  o(  2r'. 

From  Tabl 

16 

i  m,)'  -    19  70 

(SH)'  -      78.77 

(13X.)'  -    177  22 

(I7M)'  -    315.06 

C22H.)'  -    492,28 

(28Si  )■  -    70S  .90 

ronger  eplice  than  tbe  one 


35S3.86  -  SrMor 
the  neutrul  ans  is 

"Jo..ooo_„„„ 
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Btnmt  on  eitttm*  livat  i» 

(ei3)<ZSK)  -  24.3101b. 
If  four  Towi  dI  rinta  are  lued,  ths  nuDmoDi  stnea  diu  to  momsot  will  be 


100.000 


be(l)[l3)  -S2riysts.     Thss 
-  1920  lb. 


The  ntulUat  (trew  an  tbs  extreme 

V'(6080)'  +  U920)<  -  8380  lb. 
T^le  1  Ilium  ths  ebauinc  value  of  sH-iK'  rivet  to  be  7220  lb.  in  sui(1e  Bhur,  and  I4.44di  lb.  in  double  sbeai. 
The  bearina  Talus  on  tbs  H-i"-  '"eb  ia  7S80  lb. 
The  bsatinc  tbIim  govetni  and  tbe  value  at  the  eitreme  rivst  ia 

(7880X53.25)       -„„,,. 
70l3  "^  "^■ 

Ttremo  rivet  w  the  spwilni  w 
Table  IS 


iQ  the  ttreu  ac 


nFic.20S. 


(  2M.)'  - 

4.25 

{  a  H,)'  - 

38.26 

(10  «.)■  - 

108  38 

(U  >(,)•  - 

(IS  Bf ,)'  - 

344. S8 

(M'H.)'  - 

fill  73 

(29»H.)"  - 

718 .fll 

3871 .oe 

8,270.QC 


(S45)(2e>Hi)  -  22(060  lb.  ■ 


U  the  hDriiontal  diitancss  between  ths  centsr  ol  gravity  o[  the  group  of  rivets  and  each  livet  it  caUBidered, 
this  nine  will  be  5430  lb.  The  total  number  ol  riVets  on  each  side  of  the  splice  is  4  X  14  -  SS  riveti.  Streu  on 
each  rivet  dtM  to  ■bear  i* 

't -'"•"■ 

The  Tfiaultaut  itrees  is  - 

V(1790><  +  (5*95)*  -  5820  lb. 
If  the  horiKint*!  diirtanoes.are  aanaidered  as  noted  above,  tkii  value  wiU  be  SSGO  lb.     The  allowable  atren  ii 
(788QK53,,B2S)  _  ^^^  ^^ 

which  is  aatiafaetory. 
J  Themomentof  ineTtiaabouttheneutralaiisof  the  epliee  i^teg  should  beequalto 

I  orcreattrthan  themameot.af.insrtiaDi  web  plate  or.  . 

0)(a8.25)'  _  t»)(ftS)' 


Fio.  900. 


Eaob  plate  ahould  br 


■  -,-  -  0,331  ii 


This  is  a  verr  Uttts  over  He  in-,  so  H-ia.  plates  i^  be  used. 

.     DtDsttadn  Ptoblea.— Uains  the  doU  given  In  the  preceding  problem,  a  splice  siniilar 
designed. 

The  web  ana  (3.1fi  sq.  in.)  coosidered  as  flange  area  is  auumed  to  act  at  ths  csnter  of  gi 
PIMM  a  (see  Fig.  200)  are  aeaumed  to  be  9  iu.  wide  and  tboir  diaUnce  oeuter  to  oenter  will  tM 
of  plats  B  should  be 

(3.1B)(^^)   -  8.36  sq.  in. 

/.  +  =«!■  -  J.  4-  aai" 
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« 

in  whieh  I\  and  It  rejiresent  the  moment  of  inertiA  of  the  plate  B  and  the  web  area  (considered  aa  flange  area) 
about  horixontal  tLxem  through  their  respective  centers  of  gravity.     These  values  are  considered  equal,  hence 

or 

at  -  ---T- 

ai  represents  the  area  oi  plate  B  and  at  the  area  of  the  web  considered  as  flange  area,  xi  and  xt  are  the  distanees 
of  the  center  of  gravity  of  each  area  from  the  neutral  axis  of  the  girder.  In  solving  for  the  area  of  {date  B  above, 
the  values  of  xi  and  xt  used  are  the  distances  center  to  center  oi  each  set  of  areas.  The  result  is  the  same  as  would 
be  obtained  by  using  the  distances  from  tho  neutral  axis  to  the  center  of  each  area  because  both  numerator  and 
denominator  are  just  two  times  as  great. 

Two  platee.  0  X  H  in.,  will  be  used.     This  gives  a  net  area  of  7  X  M  X  2  >  7  sq.  in.,  which  is  satisfactory. 

Assuming  16,000  lb.  per  sq.  in.  on  extreme  fiber,  the  allowable  stress  at  the  center  d  plate  B  is 

(16.000)(47.5)  _  ,rtfwnih  ^ m^  in 
-Q —  10,830  ID.  per  sq.  in. 

and  the  rivet  value  at  the  same  point  is 

(7880)(47.5)  _ 

^70.13 ^^^^ 

The  number  of  rivets  required  on  each  side  of  the  splice  is 

(6.36)(10,830)       ,-^        ,,    .     ^ 

5350 ^2-®'  ^'  ^^  "^***" 

The  number  of  rivets  required  in  plate  A  on  each  side  of  the  splice  is 

100,000       ,^_        ,,    .     . 
yggQ     -  12.7,  or  13  rivets. 

Plate  A  will  be  made  He  in.  thick,  which  will  give  ample  area  for  shear. 
The  plates  are  38K  in.  deep,  and  the  shearing  value  is 

(38.25)  (H)  (10.000)  -  230.0001b. 

Use  two  rows  of  rivets  spaced  4H  in.  center  to  center  on  each  side  of  the  splice. 

Rivets  are  sometimes  spaced  closer  near  the  top  and  bottom  of  splice  plates  designed  for  bending  strcseea. 
The  spacing  should  be  uniform  because  both  the  stress  on  the  plates  and  rivets  decrease  in  the  same  ratio  from 
the  flanges  towards  the  neutral  axis.  It  will  be  found  that  the  rivet  pitch  wUl  be  the  same  whether  computed  for 
points  near  the  flange  or  neutral  axis. 

In  designing  web  splices,  care  should  be  taken  to  make  the  rivet  spacing  such  that  the  area  of  the  web  is  not 
reduced  more  than  assumed  in  the  design  of  the  i^rder.  If  >^  of  the  web  is  considered  as  flange  area,  then  the 
spacing  of  rivets  in  a  vertical  row  should  not  be  less  than  4  in.  c  to  c.  fw  ^-in.  rivets. 

128.  Plate  Girder  Flange  Splices. — When  it  is  necessary  to  splice  the  flange  of  a  plate 
girder,  the  splice  should  be  arranged  so  that  not  more  than  one  part  of  the  flange  is  spliced  at 

any  point.  Also,  no  part  of  the  flange  should  be  spliced 
at  a  point  where  the  web  is  spliced.  The  different  parts 
of  the  flange  should  be  spliced  at  points  where  there  is 
an  excess  of  flange  area.  All  flange  splices  should  be 
designed  to  fully  develop  the  member  spliced,  and 
enough  rivets  should  be  used  to  transfer  all  stress  across 
Pjg  210.  ^^^  splice.     No  allowance  should  be  made  in  the  com- 

pression    flange    for     abutting     ends.     SpecificatioDfl 
usually  require  the  splice  to  be  somewhat  stronger  than  the  member  spliced. 

128a.  Splicing  Flange  Angles. — The  usual  method  of  splicing  flange  angles  is  to 
splice  one  angle  at  some  point  between  the  center  and  left  support  and  the  other  angle  at  a 
corresponding  point  at  the  right  of  the  center.  A  splice  angle  should  be  used  (see  Fig.  210) 
and  if  possible,  the  net  area  should  be  equal  to  or  greater  than  the  net  area  of  the  flange  angle. 
Enough  rivets  should  be  used  to  develop  the  splice  angle,  and  the  spacing  should  be  close  in 
order  to  reduce  the  length  of  the  splice  angles  and  to  transfer  the  stress  in  a  short  distance. 
When  the  flange  angle  legs  are  equal,  the  splice  angle  legs  should  be  equal  and  each  leg  assumed 
to  take  one-half  of  the  stress.  The  same  number  of  rivets  should  then  be  used  in  each  leg. 
If  the  legs  are  unequal,  the  number  of  rivets  in  each  leg  should  be  in  proportion  to  the  area  of 
each  leg. 

The  number  of  rivets  required  through  the  splice  angles  on  each  side  of  the  splice  can  be 
determined  as  follows: 

r 


a-1286] 


STRUCTURAL  MEMBERS  AND  CONNECTIONS 


285 


in  which  /  is  the  allowable  fiber  stress,  An  the  net  area  of  the  splice  member,  and  r  the  rivet 
value  (single  shear  in  this  case).  The  rivets  required  for  shear  in  the  flange  can  also  be  used 
as  spliced  rivets.  When  the  net  area  of  the  splice  angle  is  less  than  the  net  area  of  the  flange 
angle,  a  splice  plate  should  be  used  on  the  vertical  leg  of  the  other  flange  angle  (see  Fig.  211). 

The  stress  may  be  considered  as  distributed  between  the  spUce  angle  and  the 
splice  plate  in  proportion  to  the  area  of  each.  If  the  splice  is  made  near  the  end 
of  a  cover  plate,  the  cover  plate  may  be  extended  and  used  as  a  part  of  the  splice. 

When  the  splice  member  is  in  contact  with  the  member  spliced  (as  the  splice 
angle  a  in  Figs.  210  and  211)  no  increase  in  the  computed  number  of  rivets  is 
necessary.  On  the  other  hand,  the  computed  number  on  each  side  of  the  joint 
for  the  splice  plate  b  should  be  increased  by  one-third  for  each  intervening  plate. 

1286.  Splicing  Cover  Plates. — ^A  cover  plate  may  be  spliced  by  using  a  splice 
plate  of  the  same  net  area  and  long  enough  to  provide  for  the  required  number  of  rivets  in  single 
shear  (see  Fig.  212). 

When  a  cover  plate  is  spliced  near  the  end  of  another  cover  plate  (see  Fig.  213),  the  cover 

plate  may  be  extended  as  shown  by  dotted  lines.     If  the  extended 


Fio.  211. 


Fig.  212. 


^_-_— ^.— --4------|^~J   cover  plate  is  of  the  same  size  as  the  plate  spliced,  the  splice  will 

be  satisfactory  if  enough  rivets  are  used.  The  formula  given  for 
rivets  through  the  splice  angle  may  be  used  to  determine  the 
number  of  rivets  required.  When  the  splice  plate  is  not  in  contact 
with  the  plate  spliced,  then  the  required  number  of  rivets  on  each 
side  of  the  splice  should  be  increased  by  one-third  for  each  in- 
tervening plate.  ^ 

129.  Connection  Angles. — Beam  and  girder  connections  are 
usually  made  by  means  of  angles  (see  Figs.  214  and  215).     The 
method  of  computing  the  strength  of  the  connections  shown  in  Figs.  214  and  215  is  the  same 
except  that  the  number  of  rivets  in  215  will  be  increased  according  to  Art.  124^. 
Consider  the  connection  shown  in  Fig.  216;  the  strength  will  depend  on 

1.  Four  shop  rivets  bearing  on  web  of  beam 
A. 

2.  Four  shop  nvets  in  double  shear. 

3.  Eight  field  rivets  in  single  shear. 

4.  Eight  field  rivets  bearing  on  the  web  of 
beam  B  or  on  the  Ke~ui*  angles. 


Fxo.  213. 

moitratiTe  Problem. — ABsume  beam  A  to  be  a  15-in.  42-lb.  I,  and  beam  B  a  24-in.  80-Ib.  I. 
strexictb  of  the  connection  if  ^i-in.  rivets  with  the  following  values  are  used? 


What  is  the 


Shear 
Bearing 


iehop. 10,000  lb.  per  sq.  in. 

field 7,000  lb.  per  sq.  in. 

tihop. 20,000  lb.  per  sq.  in. 

fieW 14,000  lb.  per  sq.  in. 


-f-l 

"I 


i:: 


1 1  * 


Fio.  214. 


Fia.  216. 


Fza.  216. 


The  web  thickness  of  the  15-in.  I  is  Ke  in.  and  of  the  24-in.  I  is  H  in.  (see  Table  5).    From  Table  11  the  fol- 
lowing values  are  obtained: 

1  For  a  mxKt^  complete  treatment  of  flange  splices,  see  vol.  3  of  Modern  Framed  Structures  by  Johnson,  Bryan, 
and  Tomeanre. 
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I  24,720  lb. 


Connectiona  of  thia  kind  may  be  divided  into  two  classes — vis.,  standard  and  speci&). 

lS9a.  Standard  CoonectloilS. — The  end  coimections  for  beams  may  be  made 
the  same  for  different  BJiea  of  beams  under  certain  limiting  conditions  of  loading  and  span  lenRth. 
Many  structural  shops  have  their  own  standards  for  these  connections.  Table  14  gives  the 
standard  beam  connections  and  limiting  values.  Standard  connections  should  be  used  when 
possible. 

Tablb  14.' — Beau  Connections 


27" 


24" 


2Zm*"X4"X  H"X  V'2H"       2Z«4"X4"XK."X0'-1 

Wdgbt  33  lb.  Wsiaht  23  lb. 

12"  10".  »",  8" 


2£ta"  X  i"  X  '6"  X  0'-3"  2/»6"xl"  X  'h"X  0'-2" 

Weighl  7  lb.  Weight  5  lb, 

Riveta  and  boHa  H  in.  diameter. 
Wfflghts  given  are  for  >i-in.  ahop  riveH  and   anglo  connections;  about  20%   ahould  ba  added  for  field 
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Limiting  Values  of  Beam  Connections 


I-beams 

Value  of  web 

Values  of  outstanding  legs  of  connection 

angles 

connection 

. 

Field  rivets 

Field  bolts 

(Inobei 
depth) 

Weight 

Shop  rivets  in 

^-in.  rivets  or 

Minimum 

t. 

^i-in.   rough 

Minimum 

t. 

(poundfl 

enclosed  bear- 

turned  bolts. 

allowable  span 

(in- 

bolts,  single 

allowable  span 

(in- 

per foot) 

inSt  (pounds) 

single  shear. 

in  feet,  uniform 

ches) 

shear,  (pounds) 

in  feet,  uniform 

ches) 

1 

(pounds) 

load 

load 

27 

90 

82.530 

61,900 

18.9 

H 

49.600 

23.6 

H 

24 

r  80 

67,600 

63,000 

17.6 

H 

42,400 

21.9 

H 

t74 

64,260 

63,000 

16.4 

H 

42.400 

20.4 

H 

21 

60H 

48.150 

44.200 

14.2 

H 

36,300 

17.8 

H 

20 

65 

45.000 

36,300 

17.6  > 

H 

28,300 

22.1     * 

H 

18 

[56 
I  48 

41.400 

36.300 

13.3 

H 

28,300 

16.7 

H 

84.200 

36.300 

12.8 

H« 

28,300 

16.4 

H 

15 

r42 
137M 

36.900 

36.300 

8.9 

H 

28.300 

11.1 

H 

29.880 

36.300 

9.7 

H 

28,300 

10,2 

He 

12 

f31H 
128 

23,600 

26.660 

8.1 

He 

21.200 

9.0 

H 

19,170 

26.600 

9.2 

Hb 

21,200 

9.2 

H 

10 

f  25 
l22K 

27,900 

17,700 

7.4 

H 

14,100 

9.2 

H 

22.680 

17.700 

6.8 

H 

14,100 

8.6 

H 

0 

21 

26.100 

17,700 

6.7 

H 

14,100 

7.1 

H 

8 

fl8 
U7H 

24.300 

17,700 

4.3 

H 

14.100 

6.4 

H 

19.800 

17,700 

4.4 

H 

14,100 

6.5 

H 

7 

15 

11,300 

8,800 

6.2 

H 

7,100 

7.8 

H 

6 

12H 

10.400 

8,800 

4.4 

H 

7,100 

5.6 

H 

5 

9« 

9,500 

8,800 

2.9 

H. 

7,100 

3.6 

H 

4 

7H 

8.600 

8.800 

2.2 

Me 

7,100 

2.7 

H 

3 

5H 

7,700 

8,800 

1.3 

H 

7,100 

1.4 

H 

Allowable  Unit  Stress  in  Pounds  per  Square  Inch 


Sin^e  shear 


Rivets Shop  12,000 

Rivets  and  Turned  bolts.. .  .Field  10.000 
Rough  bolts Field    8.000 


Bearing 


Rivets — enclosed Shop  30.000 

Rivets — one  side Shop  24,000 

Rivets  and  tiirned  bolts Field  20.000 

Rough  bolts Field  16,000 


ti^Web  thickness,  in  bearing,  to  develop  max.  allowable  reactions,  when  beams  frame  opposite. 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered). 

The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  use. 

Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  values  are  greater  because  of  the  in- 
efficiency due  to  friction  and  grip. 

Special  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above  are  exceeded — such  as  end 
reaction  from  loaded  beam  being  greater  than  value  of  connection;  shorter  span  with  beam  fully  loaded;  or  a  less 
thicknefls  of  web  when  maximum  allowable  reactions  are  used. 

129&.  Special  Connections. — When  standard  connections  cannot  be  used,  it  is 
necessary  to  design  special  connections  for  each  particular  case.  The  following  conditions 
may  require  special  connections:  (1)  short  spans  heavily  loaded,  (2)  spans  with  load  near  one 
end,  (3)  when  two  beams  connect  on  opposite  sides  of  the  same  web  and  use  the  same  rivets, 
and  (4)  when  two  beams  connect  on  opposite  sides  of  the  same  web  and  only  a  part  of  the  rivets 
are  used  in  each  connection. 

For  conditions  1  and  2,  the  reactions  should  be  computed  and  enough  rivets  used  to  safely 
transfer  the  load  from  one  member  to  the  other. 

For  condition  3,  standard  connections  may  be  satisfactory  providing  the  thickness  t 
(see  Fig.  217)  is  such  that  ample  bearing  on  the  rivets  is  developed.  Otherwise  the  web 
plate  may  be  reinforced  (see  Fig.  218)  or  special  connections  used.  Special  connections  will 
undoubtedly  be  necessary  if  the  loads  on  the  beams  are  applied  near  the  ends  to  which  the 
connections  are  made.  In  any  case,  the  end  reactions  should  be  computed  and  the  rivets 
proportioned  accordingly. 

For  condition  4,  the  beams  may  not  be  at  the  same  elevation  (see  Fig.  219)  or  may  not  be 
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on  the  same  line  (see  Fig.  220).  Standard  connections  may  be  used  in  these  cases  if  ample 
bearing  is  provided  for  the  rivets  and  the  spacing  of  the  holes  can  be  made  standard. 

When  two  beams  are  near  each  other  (see  Fig.  221),  it  is  not  possible  to  use  more  than  one 
connection  angle  on  each  beam.    Special  connections  should  be  designed  for  such  cases. 

When  beams  do  not  frame  into  each  other  at  right  angles,  special  connections  may  be 
necessary  (see  Fig.  222).  When  <  is  ^  in.  or  less  and  6  is  3  in.  or  less,  standard  connections 
may  be  used  providing  the  angles  are  bent  to  the  proper  bevel.  When  6  is  greater  than  3  in., 
bent  ijli&iea  should  be  used  in  place  of  angles.  For  bevels  in  which  6  is  greater  than  3  in.,  care 
should  be  taken  to  see  that  rivet  holes  are  not  located  where  it  is  impossible  to  drive  the  rivets. 


£ 


i 


^ 

Fxo.  221. 


p.i.'*.^ 


«=gS 


Fia.  218. 


Fia.  219. 


Fia.  22a 


/f=  =------— --^ 


Fia.  222. 


Fio.  223. 


Fia.  224. 


See  Sect.  3,  Art.  72a  for  illustrations  of  beam  connections.    See  also  Sect.  3,  Art.  726  for  beam 
connections  to  colimins. 

Connections  between  members  carrying  direct  stress  usually  take  the  form  of  a  lap  joint. 
Consider  the  connection  shown  in  Figs.  223  and  224.  In  Fig.  223  the  connection  of  the  angle 
to  the  plate  is  an  ordinary  lap  joint  and  the  rivets  are  in  single  shear  or  bearing.  In  Fig.  224 
the  connection  can  be  considered  as  a  double  lap  joint  and  the  rivets  are  in  double  shear  or 
bearing. 

129c.  Lug  or  Clip  Angles  in  Connections. — Specifications  usuaUy  require  that 
an  angle  be  connected  by  both  legs  (see  Fig.  226).     The  allowable  value  of  an  angle  connected 

by  one  leg  varies  somewhat.  Some  specifications  allow 
only  the  value  of  the  leg  connected.  Others  allow  from 
75  to  80%  of  the  net  area  of  the  angle.  When  an  angle 
is  connected  by  both  legs,  90%  of  the  net  area  is  usually 
allowed.  Tests  show  that  an  angle  is  stronger  when  con- 
nected by  both  legs. 

When  a  lug  angle  is  used  to  connect  an  angle 
carrying  tensile  stress,  the  distance  X   (see  Fig.  225) 
should  be  such  that  the  area  of  the  angle  will  not  be 
reduced  by  more  than  one  hole. 
Fia.  225.  The  net  area  of  the  gusset  plate  on  line  <ia  (see  Fig. 

225)  should  be  such  that  the  net  area  is  equal  to  or 
greater  than  the  net  area  of  the  member  connected.  If  the  connection  is  eccentric,  both  bend- 
ing and  direct  stress  should  be  considered  in  determining  the  area  of  the  plate  at  section  aa 
(see  bottom  chord  splice). 

The  computations  for  the  connection  shown  in  Fig.  225  will  be  illustrated  by  the  following 
problem. 

Illustrative  Problem. — Determine  the  strength  of  the  connection  shown  in  Fig.  226.     The  Allowable  tensile 
stress  on  the  angle  is  16,000  lb.  per  sq.  in.     Assume  ^-in.  rivets  with  the  following  values: 

Shear,  10,000  lb.  per  sq.  in. 
Bearing,  20,000  lb.  per  sq.  in. 


3-^ 
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¥iQ,  226. 


The  lug  angle  is  assumed  to  transmit  one-half  of  the  total  stress  to  the  plate.  Also  the  stress  is  assumed  to  be 
divided  equally  among  the  rivets. 

Table  11  shows  that  a  ^-in.  rivet  is  good  for  4420  lb.  in  single  shear,  and  5626  lb.  in  bearing  on  a  ^-in.  plate. 
The  rivets  are  therefore  good  for  (4420)  (8)  -  36.360  lb. 

The  3H  X  3H  X  He-in*  *ngle  has  a  gross  area  of  2.87  sq.  in. 

Table  12  shows  that  the  area  to  be  deducted  for  a  K-in*  rivet  (^-in.  hole)  through  Ke-in*  metal  is  0.38  sq.  in. 
The  net  area  of  the  angle  therefore  is  2.87  —  0.38  -  2.49  sq.  in.     At  16,000  lb.  per  sq.  in.  the  angle  is  good  for 

(16.000)  (2.40)  -  39,8401b. 

But  Art.  129e  allows  only  00  %  of  the  net  area  of  the  angle  for  a  connection  of  this  kind.     This  value  is 

(0.9)  (39,840)  -  36,8601b. 

Since  this  is  greater  than  the  value  of  the  rivets,  the  strength  of  the 
oonnection  is  36,360  lb. 

For  a  properly  designed  joint  the  strength  should  not  depend  on 
the  rivets.  The  joint  should  be  strong  enough  so  that  if  a  failure 
occurs  it  wiD  be  in  the  member  rather  than  in  the  joint. 

The  number  of  rivets  connecting  the  lug  angle  to  the  main  angle 
should  be  the  same  as  used  in  connecting  the  lug  angle  to  the  plate 
because,  in  this  case,  the  rivets  in  both  connections  are  in  single  shear. 
If  the  thickness  of  the  plate  were  such  that  the  rivets  connecting  the 
lug  angle  to  the  plate  were  goyerned  by  the  bearing  value,  then  in  one 
ease  bearing  would  govern  and  in  the  other  the  single  shear  value. 
Conditions  might  be  reversed,  however,  and  the  rivets  connecting 
the  lug  angle  to  the  main  angle  might  be  governed  by  their  strength 
in  bearing. 

In  order  that  the  area  of  the  angle  will  be  reduced  by  not  more  than  one  rivet  hole  at  a  point  of  maximum 
stress,  the  first  rivet  connecting  the  main  angle  to  the  plate  must  be  spaced  far  enough  from  the  first  rivet  connect- 
ing the  lug  angle  to  the  main  angle  so  that  tne  area  through  these  holes  will  not  be  less  than  the  net  area  considering 
one  hole  out.     Table  13  shows  that  this  distance  should  be  2H  in>  (gag®  2  in.  on  a  3>i-in.  angle,  see  Table  6). 

Diagram  16  may  also  be  used  as  follows:  The  value  of  X  should  be  sero  and  the  value  of  9  is  3  He  in.  If  the 
rivets  used  were  34  in.  in  diameter,  the  value  of  p  could  be  taken  from  the  diagram  at  the  point  where  q  •»  3Hs 
in.  cuts  the  A'A  Hne.  As  the  rivets  are  ^  in.,  the  value  of  the  gage  g  should  be  multiplied  by  (K  +  H)*  l^o 
value  of  p  will  then  be  found  where  the  new  value  of  q  cuts  line  A'A,  or 

<8He)(5i+H)-8.12in. 

Where  this  value  of  g  cuts  line  A — A,  a  value  of  p  equal  to  3.38  is  found. 

The  value  of  X  in  Fig.  225  then  should  be  3H  in*  if  this  method  of  computing  net  areas 
is  used. 

The  computations  for  the  oonnection  shown  in  Fig.  226  are  similar  to  those  just  given 
except  that  the  rivets  connecting  both  the  lug  angle  and  the  main  angle  are  in  bearing  or 
double  shear. 

180.  Eccentric  Connections. — ^When  the  line  of  action  of  a  force  P  does 
not  pass  through  the  center  of  gravity  of  the  group  of  rivets  (see  Fig.  227),  the 
joint  should  be  designed  to  resist  both  the  load  P  and  the  moment  Pe.  The 
moment  Pe  tends  to  revolve  the  plate  about  a  center  c'.  The  stress  oh  any  rivet,  caused  by  the 
moment  Pe,  depends  on  the  distance  of  the  rivet  from  the  center  of  gravity  "c"  of  the  group 
of  rivets.  The  sum  of  the  moments  about  "c"  of  the  stresses  on  each  rivet  should  equal  Pe. 
Assume  that  a  rivet  at  a  unit  distance  from  c  takes  stress  8,  then  at  any  distance  r,  the 
stress  taken  by  a  rivet  will  be  rs;  and  for  a  distance  r2,  it  will  be  rts.  Since  the  center  of  gravity 
(in  this  case)  of  the  group  of  rivets  is  at  the  center  of  the  rivet  at  c,  this  rivet  will  not  be  stressed 
by  the  moment  Pe.  The  sum  of  the  moments  about  c  of  the  stresses  taken  by  the  rivets,  is 
2[(ri«  X  ri)  +  (rts  X  rs)].  The  quantity  inside  the  brackets  is  multiplied  by 
2  in  order  to  include  the  rivets  below  c.    Then 


Fia  227. 


or 


2(ri>«  +  rt*s)  =  Pe 
Pe 


8 


2(ri»  +  ri») 
If  two  more  rivets  are  added,  as  shown  in  Fig.  228,  the  value  of 

8  would  be 

Pe 


8   = 


Consider  Fig.  229 


2(ri«  +  ra»  +  r.») 

Pe 
"2(r»  +  r«  +  y«) 


Fig.  228. 
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Expressing  these  equations  in  words:  To  find  the  stress  i,  caused  by  a  moment  Pe  on  a  rivet 
at  a  unit  distance  from  the  center  of  gravity  of  the  group  of  rivets,  divide  the  moment  Pe  by 
the  sum  of  the  squares  of  the  distance  of  each  rivet  from  the  center  of  gravity  of  tiie  group. 

CoDiideriDg  the  values  sbaira  dd  Fi(.  2:10 


,  _  (4H20.000)  _  ^ 

ntor(4)(2a,D0a)  -  S0,000iii.-lb.  would  cause  a  strSMo 
woM  be  WC500)  -  2000  lb.;  and  st  8  in,  it  would  be 

b. 

SOOlb.  onarlvatat  tin.  from  n  at  4  in.  trom 
(8)(500)  -  4000  lb.     In  addition,  each  rivei 

«  of  -  lb.  (b  squab  the  number  of  rivets  in  the  conneit 

HT  rivet  »T.d  «l.  parallel  to  the  direction  of  P.     The  . 
cuUr  to  s  atraitfit  Une  between  i  and  the  eenter  of  the 
r  eacfa  rivet  (hw  Pig.  Z33a).     The  itren  dd  a  rivet  is  th 
rsM  -.     The  stress  on  the  rivet  at  r  i.  4000  lb.;  at  4  in 

ivet  in  quention.  In  this  Base,  the  dirwrtinn  is 
resultant  of  (he  stresB  caused  by  the  moment 

from  c,  the  stress  is  the  resultant  of  2000  and 

These  results  may  be  obtained  graphivally 
e  only  difference  in  V 


In  computing  the  Btresses  on  rivets  in  connectiona  of  this  kind,  it  is  necessary  to  know  the 
square  of  the  distance  of  each  rivet  from  the  center  of  gravity  of  the  group  of  rivets.  Table 
15  gives  the  square  of  numbers  varying  by  Xe  from  1  to  42  in.  and  will  save  agreatdealof 
time  in  finding  these  values.     This  table  may  also  be  used  in  designing  web  splices  for  plate 

girdere  (see  Art.  127). 

To  iUuetrale  the  use  of  the  table,  the  strees  >  on  a  rivet  at  a  unit  distance  from  c  (see  Fig,  334)  wiD    be  com- 
puted.    Bince  the  rivets  are  Bymnietri<^a1ly  arranced  about  oa  and  bb,  it  is  oeoessary  to  find  the  square  of  the 
inc-5uarter  and  then  multiply  the  result  by  4. 


From  Table  15 


2.26 


(!«)■  -  2 
(IH)'  - 
MM)'  - 
(7M)'  - 


59  64  - 

14  +  21.39  +  5«.64)4  - 
(8)(4O/)0O) 
■  "      328,68 
following  method  c 


.730  lb, 

.  be  used: 

(2.2S)(3)  -     I 


U.39 
82.17 
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The  resultant  stress  on  a  rivet  may  be  found  as  follows  without  finding  the  components 

in  two  directions^  as  in  the  method  just  given:  Draw  a  line  aa  (see  Fig.  235)  through  the  center 

p 

of  gravity  c  of  the  group  of  rivets  and  perpendicular  to  the  line  of  action  of  P.    The  stress  — 

ft 

on  each  rivet  is  equal  and  acts  downward  (parallel  to  the  line  of  action  of  P).  The  stress  on 
any  rivet  on  line  cm  due  to  the  moment  Pe  acts  perpendicular  to  line  cut.  Between  c  and  the 
line  of  action  of  P,  this  stress  will  be  downward ;  on  the  left  of  c,  the  action  will  be  upward.    On 

the  right  of  c  the  resultant  stress  on  a  rivet  on  line  aa  wiU  be  the 
sum  of  the  stress  due  to  P  and  that  due  to  Pe;  on  the  left  of  c,  the 
resultant  stress  will  be  the  difference.  At  some  point  to  the  left  of  c, 
on  line  aa,  the  upward  stress  will  equal  the  downward  and  there  will 
be  a  point  of  zero  stress.  This  is  the  point  about  which  the  plate 
would  revolve.  This  point  may  be  determined  by  the  following 
formula 

ne 

in  which  X'  is  the  distance  from  c  to  the  point,  Zr'  is  the  siim  of  the 
squares  of  the  distance  of  each  rivet  from  the  center  of  gravity  of  the 

group  of  rivets,  n  is  the  number  of  rivets  in  the  group,  and  e  is  the  distance  from  the  center  of 

gravity  of  the  group  of  rivets  to  the  line  of  action  of  P. 

The  stress  «  on  a  rivet  at  a  unit  distance  from  c  is  found  as  in  the  previous  method.     Then 

the  stress  on  rivets  m  and  m'  (see  Fig.  235)  is  ksy  and  acts  perpendicular  to  lines  k. 


J 

# 

k 

' 

1 

J     ^J 

h 

"5 

M- 

h 

1  < 

1/ 

r           ** 

X 

/ 

Fia.  235. 


2ri 
Consider  the  eame  oonneotion  as  shown  in  Fig.  230.     The  distance  to  ef  (see  Fig.  236a)  is  X*  ■■  -— . 

Wo 


From 


the  previous  problem,  Zr*  is  160,  n  is  5,  and  e  is  4  in. 
The  distance  k  from  c'  to  the  most  stressed  rivet  is 


160 


(6)(4) 


T  -  Sin. 


-y/gt  +  8>  -  11.31  in. 

and  the  stress  taken  by  this  rivet  is  (since  t  is  5(X)  lb.  from  previous  problem)  11.31  X  600  •-  5666  lb.  and  acts 
perpendicular  to  line  k.  Since  9  is  45  deg..  R  makes  an  angle  of  45  deg.  with  the  vertical.  These  values  check 
with  those  in  the  previous  problem.     Considering  the  oonneotion  shown  in  Fig.  236(6) 

«  -  8  cos  45  deg.  -  (8)  (0.707)  -  5.66  in.  ^ 

y  -  8  sin  45  deg.  -  (8)  (0.707)  »  6.66  in. 
*  -  \/5.66«  +  1.366* 
Table  15  shows  that  0.66  in.  is  about  halfway 
between  H  and  ^Hs  in>    Then  from  Table  15 

(  5.66)s  -  32 
(13.66)«  -  186.6 

and  from  the  same  table 

k  -  14^  in.  or  14.75  in. 

The  top  rivet  receives  the  maximum  stress, 
which  is 

(14.75)  (500)  -  73751b. 


IbaoA* 


Tana  » 


5.66 
13.66 


-  0.4144  -  22  deg.  30  min. 


These  values  check  with  those  obtained  by  the  other  method. 

Consider  the  oonneotion  shown  in  Fig.  236(c).     In  this  connection  c'  falls  at  the  center  of  the  bottom  rive^  and 
the  rivet  at  the  top  receives  the  maximum  stress.     The  value  of  ib  is  16  in.  and  the  stress  taken  by  the  top  riv«t  is 

(16)  (500)  -  80001b. 

and  acts  parallel  to  the  direction  of  P,    Since  c'  is  at  the  center  of  the  bottom  rivet,  there  will  be  no  stress  in  this 
rivet.    These  values  check  with  those  obtained  by  the  other  method. 

131.  Avoiding  Eccentric  Connections. — Eccentric  connections  should  be  avoided  if  pos- 
sible because  they  not  only  put  additional  stress  on  the  rivets  but  also  cause  bending  in  the 
members  connected.  The  stresses  due  to  this  bending  may  in  some  cases  be  very  high.  Ec- 
centric connections,  of  course,  have  to  be  used  in  many  cases;  on  the  other  hand,  eccentrio 

»  See  p.  518,  Eng.  Ree.,  Nov.  7,  1914. 
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connections  are  often  used  where  they  can  be  avoided.    Hie  following  figuics  Uhistnte  ft  few 
of  these  connections: 

The  connections  shown  in  F^.  237(a>  and  237(6)  are  both  eccentric.    In  Kg.  237(c) 
the  line  of  action  of  Pi,  P.,  and  R  meet  in  a  point  at  the  center  of  the  group  of  rivets  in  the 


bottom  chord  connection  thus  causing  no  bending  in  the  joint.  When  there  is  a  moment  in  the 
joint  due  either  to  eccentricity  as  in  Figs.  237(a)  and  237(b),  or  due  to  the  top  chord  acting  as  a 
beam  plate  a  should  be  made  thicker  than  for  the  joint  in  Fig.  237(c).  Usually  a  Ji-m.  plate 
is  used  and  a  few  extra  rivets  added. 

The  connection  in  Fig.  23S(a)  should  be  made  ss  shown  in  Fig.  238(6),  that  in  E^.  239(a) 
as  shown  in  Vig.  239(6),  and  that  in  Hg.  240(a)  as  shown  in  Fig.  240(6). 


Via.  339. 


FiQ.  MO. 


ISS.  Reqaiioineiits  for  a  Good  Joint — (1)  The  rivet  holes  should  match;  the  rivets 
should  be  properly  heated  and  well  driven. 

(2)  T^e  line  of  thrust  should  pass  throi^  the  center  of  gravity  of  the  group  of  rivets  and 
the  rivets  should  be  symmetrically  arranged  about  this  line. 

(3)  Direct  tension  on  rivet  heads  should  not  be  allowed. 

(4)  For  a  tension  member,  the  rivets  should  be  so  arranged  that  the  area  of  the  member 
juned  is  not  reduced  more  than  necessary. 

(5)  The  number  and  size  of  rivets  should  be  sufficient  to 
develop  the  member  joined. 

(6)  The  total  thickness  of  metal  should  not  exceed  four 
diameters  of  the  rivet  used. 

(7)  No  loose  fillers  should  be  used. 

(8)  Members  should  be  straight  and  bolts  used  to  draw 
them  t<^ether  before  the  rivets  are  driven. 

ISS.  Pia  Connoctlans. 

ISSa.  Bearing,  Bending,  and  Shearing  Stresses. —  P^^  2^, 

In  building  construction,  pins  are  sometimes  used  to  connect 

membeiB  meeting  at  a  joint  (see  Mk.  241).  Pins  are  subjected  to  bearing,  bending,  and  shear- 
ing stresses;  the  latter,  however,  may  usually  be  neglected  except  possibly  for  small  pins. 
Shear  and  bearing  values  are  computed  in  the  same  way  as  for  rivets.  Tables  16  and  17  give 
the  bearing  and  bending  moment  values  for  different  sizes  of  pins  for  various  unit  stresses. 

In  computii^  the  bending  moment  on  a  pin,  the  stresses  from  the  different  members  are 
usually  considered  to  be  concentrated  at  the  center  of  the  bearing  area  of  each  member  (see 
Fig.  242). 
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niustrmtire  ProblenL — Compute  the  maximum  bending  moment  on  the  pin  shown  in  Fig.  242. 
The  bending  moment  is  uniform  between  the  centers  of  plates  a,  so  the  maximum  moment  is  at  the  center  of 
plate  a,  and  is 

(76,000)  (IK)  -  112,600  in.-ib. 

The  moment  at  the  center  of  the  pin  woiild  be  the  same-  or 

(76,000)(2H)  -  (76.000)(1)  -  (75,000)(1H)  -  112.500  in.-lb. 
niustrative  Problem. — dJonsider  the  pin  to  be  4  in.  in  diameter.     What 
•should  be  the  thickness  of  each  of  the  members  if  the  allowable  unit  bearing 
'Stress  is  20,000  lb.  per  sq.  in.  7 

(0(20,000)  (4)  -  75,000 
75,000  16  . 

"(4)  (20,000)  "  16  *°* 


Table  16  shows  that  a  1-in.  plate  is  good  for  80,(XX)  lb. 
75,(XX)  lb.,  the  thickness  should  be 


Then  for 


75.000 
^,000 


-^16  ^°- 


Fig.  242. 


vertical). 


When  members  connected  at  a  joint  act  in  different  direc- 
tions (see  Fig.  243),  the  stresses  should  be  resolved  into  two 
planes  at  right  angles  to  each  other  (usually  horizontal  and 
In  Fig.  243  the  stress  in  the  diagonal  member  3  should  be  resolved  into  its  horizontal 
and  vertical  components.  Then  all  the  loads  acting  on  the  pin  should  be  indicated  as  shown 
in  Fig.  244,  where  a  represents  the  horizontal  forces  and  b  the  vertical  forces. 

To  find  the  moment  on  the  pin,  the  moments  due  to  horizontal  loads  should  first  be  com- 
puted at  the  different  points;  then  the  moments  due  to  the  vertical  loads.  The  moment  at 
any  point,  then,  would  be  the  resultant  of  the  horizontal  and  vertical  moments  at  that  point,  or 

M  =  VMh*  +  Mv* 


■^        -^r-^ 


A.-4.  o^P/n 


3 


^L^ 


^^ 


(o) 


(b) 


FlO.  243, 


Fia.  244. 


in  which  Mr  and  My  are  the  horizontal  and  vertical  moments  at  the  same  point  on  the  pin. 
The  maximum  value  for  M  then  would  be  at  a  point  where  the  resultant  of  Mr  and  My  is  a 
maximum. 

The  maximum  shear  will  be  the  maximum  resultant  obtained  from  Figs.  244(a)  and  (244(6) 
Y  max.  =  VF//*  +  F,«  ^oooibx 


SHOOOMl   9 


£2321t. 


73doW 


-4 


s 


c. 


The  required  bearing  area  should  be  computed  ^  "^d^HiTE 
for  the  stress  in  each  member.  £ 

When  the  members  are  placed  symmetrically 
about  the  center  line  (see  Fig.  244)  as  they  should 
be,  only  one-half  of  the  pin  needs  to  be  considered. 

Illustrative  Problem. — Compute  the  maximum  moment  on 
the  pin  in  the  joint  shown  in  Fig.  245.  The  horizontal  and 
vertical  components  of  8480  lb.  are 

8480  X  sin  45  deg.  -  8480  X  cos  46  deg.  -  6000  lb. 

.Fig.  246  shows  the  stresses  in  their  assumed  positions  with 
the  distance  of  each  from  the  center  line  of  the  pin.  Horizontal 

Hor.  mom.  about  6  -  (50.000)(»H«)  -  34,380  in.-lb. 
Hor.  mom.  about  e  -  (50.000)(1H)  -  (50.000)(K«)  -  34.380  in.-lb. 
Hor.  mom.  about  d  -  (50.000)(lH6)  -  (50.000)(K)  +  (6000)(K«)  =  37,000  in.-lb. 
Hor.  mom.  about  e  -  (50.000)(5K)  -  (50,000) (4 iH«)  +  (6000)(4?^)  -  (6000)(3i«6)  -  37,000  in.-lb. 
Vert.  mom.  about  0  =  0 

Vert.  mom.  about  rf  =>  (6000)  (H«)  =  2630  in.-lb. 

Vert.  mom.  about  e'-  (6000)  (J ^)  +  (6000)  (K«)  -  7880  in.-lb. 

Vert  mom.  about  e  -  (6OOO)(490  +  (6000) (31516)  -  (12,000)(3H)  -  7880  in.-lb. 


i_l f: 


Fia.  246. 
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Max.  mom.,  then,  is  at  e  and  is 

V(S7,000)«  +  (7880) «  -  37,800  in.-lb. 

UlostratiTe  Problem. — Aesume  an  allowable  unit  Btrese  of  24,000  lb.  per  sq.  in.  in  bearing  and  a  unit  fiber  streM 
of  34,000  lb.  per  sq.  in.  Determine  the  sise  of  pin  neceesary  for  the  joint  in  Fig.  245.  The  width  of  members  shown 
in  Fig.  246  are  to  be  used. 

Tlie  maximum  bending  moment  is  37,800  in.-lb.  Table  17  shows  a  pin  2^  in.  in  diameter  to  be  satisfactory 
for  moment.     By  inspection  it  is  seen  that  the  H-in.  plate  governs  for  bearing.     The  required  diameter  is 

(H)  (24,000)  (<f)  -  50.000 
50.000_ 
**       (>i)(24,000)  "  ^-^^  '"'• 
A  3H-in.  pin  should  be  used. 

Table  16  shows  that  a  3H-in-  Pin  ia  good  for  84.000  X  H  ^  52,500  lb.  in  bearing,  which  is  satisfactory.  l%e 
maximum  shear  is  50,000  lb.;  and  the  required  area  for  shear  at  a  unit  stress  of  12,000  lb.  per  sq.  in.  is 

12:000  -  *-^®  ^'  '''' 
A  pin  2H  iz^  i°  diameter  would  therefore  be  satisfactory  for  shear  as  its  area  is  4.91  sq.  in. 

188&.  Pin  Plates. — Usually  the  webs  of  mem- 
bers, comiected  by  pins,  are  not  thick  enough  to  transfer  tiie 
stress  between  the  pin  and  the  member.    Plates  are  riveted  to 
the  web  (see  Fig.  247)  to  increase  the  bearing  area  and  enough 
Fio.  247.  rivets  are  used  to  transfer  the  stress  taken  by  the  pin  plates  to 

the  web.    The  stress  in  bearing  taken  by  the  web  and  by  the 
pin  plate  is  in  proportion  to  the  thickness  of  each. 

DlustratiTe  Problem.— Cl^nsider  the  thickness  of  the  channel  web  to  be  K  in-  i^nd  that  of  the  plate  H  in 
Compute  the  number  of  ^^in.  rivets  necessary  to  connect  the  plate  to  the  channel     Assume  a  3-in.  pin. 

Bearing  value  on  pin 24,0(X)  lb.  per  sq.  in. 

Bearing  value  of  rivets 24,000  lb.  per  sq.  in. 

Shearing  value  of  rivets 12,000  lb.  per  sq.  in. 

The  stress  taken  by  the  pin  plate  is 

(H)  (24,000)  (3)  -  27,0001b. 

■ 

The  value  of  a  ^-in.  rivet  in  single  shear  is  (from  Table  II)  5300  lb.  and  the  bearing  value  b  4500  lb. 
The  number  of  rivets  required  is,  therefore 

27.000       _    .     ^ 

-4600"  -  ®  "^•** 
The  valiie  of  the  pin  connection  is 

(M)  (24,000)  (3)  -  45,000  lb. 

niastrative  Problem. — Suppose  a  K-in-  plste  is  used  on  the  back  of  the  channel  and  the  K-in.  X^ate  ia  made. 
H  in-     Determine  the  number  of  rivets  required  to  develop  the  value  of  the  pin  in  bearing. 

The  total  thickness  of  metal  is 

K  +  >i  +  H  -  1  in. 
and  the  bearing  value  is 

The  bearing  on  the  H-in.  plate  is 

The  bearing  on  the  K~in.  plate  is 


(1)  (24.000)  (3)  *  72.000  lb.  (see  Table  16) 

(H)  (72,000)  -  36.0001b. 
(K)  (72,000)  -  18,0001b. 


One  rivet  is  good  for  4500  lb.    If  one-half  of  the  rivet  value,  or  2250  lb.,  be  allowed  in  each  plate,  the  number  of 

rivets  required  for  the  H'in.  plate  is 

18.000       -    .     . 
^—  -  8  nvets 

Then,  in  the  ^-in.  plate,  additional  rivets  at  a  value  of  4500  will  be  necessary,  or 

36.000  -  18.000 


4500 


—  4  rivets 


If  the  value  of  a  rivet  is  assumed  to  be  divided  between  the  plates  in  proportion  to  their  thicknesses,  Uie  valoea 
wiUbe 
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Pot  the  M-in.  pU(« 300Q  lb. 

>e  Dnmbcr  of  ri*<U  tsguired  will  b«  tbo  ume  in  sMb  piste,  or 


Th*  toU]  number  of  riveU  cequired  to  urry  tt 

se.ooo  + 
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In  designing  tension  membeis  the  net  area  through  the  pin  hole  and  also  at  the  back  of  th« 
pin,  should  be  such  that  failure  will  not  occur  at  these  points.    Some  specifications  require  that 
the  net  area  on  line  zz(Bee  Fig.  248)  be  2S%  greater  than  the  net  aiea  of  the  pin  plate  oo  aa, 
and'th&t  the  net  aiea  on  yy  be  75%  of  the  area  on  xx.    Other  specifications 
requira  that  the  net  area  on  b'ne  xx  be  2S%  greater  than  the  net  area  of  the 
pin  plate  on  aa  and  that  on  yy  be  equal  to  the  net  area  on  aa.    The  net 
area  of  the  plate  on  section  aa  should  be  equal  to  or  greater  than  the  net  , 

section  of  the  member  to   which  it  is  riveted.    The  method  outlined 
under  rivets  should  be  used. 

Uie.  Pin  Packing. — A  sketch  showing  the  arrangement  of 
the  membera  coDnect«d  by  a  pin  should  always  be  made  in  order  that  the 
different  membera  will  be  placed  properly  when  the  structure  is  erected. 
Suppose  in  I^lg.  246,  members  2  and  3  are  interchanged;  the  momentA 
would  then  be  (see  Fig.  249). 

Hot.  mom.  about  a  =  C1H)C50,000)+{K9)C6000)  =  59,626  in.-lb. 

Hor.  mom.  aboutfc  -  (liK8)(50,000)+  (IJ^)(6000)  -  {?i«)(50,000)  - 

63,000  ia.-lb.  Pio,  g4g. 

Vert.  mom.  about  B  -  (6000)(l>g)  =  6760  in.-lb. 

Mt,  =  VC63,000)'  +(6750)*  -  63,360 in.-lb. 

which  is  almost  two  times  the  maximum  moment  found  for  the  other  arrangement  of  membeiB. 
When  there  ia  a  space  between  two  members,  fillers  should  be  used  to  keep  them  in  position. 
liSd.  ClBBrance.— In  designing  a  pin- 
COnnect«d  joint,  usually  ^g  in.  is  allowed  between 
H  eyebars;  ^  in.  between  on  eyebar  and  a  built-up 
member;  and  ^  in.  between  built-up  members. 
Rivet  heads  or  any  projection  should  be  considered 
.  and  the  above  clearances  allowed  in  addition  to  the 
height  of  the  projection. 

133«.  Grip. — The  length  of  a  pin  is 
computed  allowing  the  above  clearances.  Then  to  this  length  }^  to  ^  in.  is  added  to  obtain 
the  grip.  Tables  18  and  19  give  the  dimensions  for  standard  pins.  Cotter  pins  are  not  used 
a  great  deal  except  in  lateral  connections  and  when  used  the  bars  should  be  arranged  ho  the 
pin  will  be  in  double  shear. 

ISS/.  Pin  Holes. — Specifications  usually  r 
quire  that  the  diameter  of  a  pin  hole  shall  not  exceed  the  V 
diameter  of  the  pin  by  more  than  }ria  in.  for  pins  up  to  6 
in.  in  diameter;  for  larger  pins,   J^a  in,  may  be  allowed. 
The  distance  center  to  center  of  pin  holes  is  usually  required  to  be  correct  to  J^2  io- 

ISflp.  Pilot  Point  and  Driving  Hut. — To  prevent  the  threads  on  the  ends  of  the 
pin  from  being  injured  when  the  pin  is  driven,  a  pilot  point  and  driving  nut  are  used  (see  Fig, 
2S0).  Theseare  threads  the  same  as  the  pin  nuts  and  after  driving  the  pin,  they  are  unscrewed 
and  the  nuta  put  oo. 
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Tablb  18J 


•Recbssed  Pin  Nuts — ^American  Bridge  Company  Standard 

(All  Dimensions  in  Inohes) 
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HASONRT  ARCHES 

Bt  Alfbbd  Wreeler  Roberts 

Flat  arches  ue  cominon  id  the  walls  of  ordinary  buildiagB  for  spanning  over  window  or 
door  openii^,  but  in  buildings  which  call  for  a  great  deal  of  architectural  adornment,  the 
curved  arch  is  used  as  it  adds  a  great  deal  to  the  appearance.  The  exact  form  of  aich  to  be 
used  in  any  given  case  depends  upon  the  style  of  the  building  and  the  amount  of  space 
available. 

An  arch  over  an  opening  in  a  building  does  the  work  of  a  lintel  by  supporting  the  wall 
over  ihe  opening  and  any  supetimpoeed  load.'  Thus  an  arch  answers  the  same  purpose  as 
an  ordinary  beam,  but  the  action  is  quite  difFerent,  inasmuch  as  a  beam  produces  vertical 
reactions  only,  while  an  arch  produces  an  outwaid  thrust  upon  its  supports  as  well  as  a  ver- 
tical pressure.  In  designing  arches,  special  caTe  should  be  token  that  the  supporting  abut- 
menta  are  capable  of  taking  this  outward  thrust. 

In  plain  buildings  where  the  window  openings  form  no  particular  adornment  to  the 
structure,  it  is  usually  a  great  deal  cheaper  to  carry  brick  work  on  lintels  over  an  opening. 
These  linteb  usually  consist  of  several  pieces  of  plain  angle  irons,  the  outer  one  of  which  is  set 
a  trifle  below  the  ones  supporting  tbe  bock  couises  of  brick  work,  to  hold  the  window  box  in 
position  and  to  act  as  a  weather  guard. 

In  the  constmction  of  masonry  arches, 
forms  are  built  usually  of  wood,  the  top  of 
these  forms  coinciding  with  the  line  of  the 
intrados  of  tbe  arch.  The  forms  serve  as  a 
support  for  the  different  arch  sections  until 
the  keystone  Is  placed  and  the  masonry  r 
has  had  sufficient  time  to  set. 

184.  DefimtionB. — The  intrados  is  the  | 
inner  curve  of  the  arch  (Fig.  251).  The 
outer  curve  is  termed  tbe  exiTodos.     The ' 

toffil  is  the  concave  surface  of  the  arcb.  Fio.  25I. 

Vouttoiri  or  ringstones  are  the  pieces  com- 
posing the  arch.  The  highest  or  center  stone  is  called  the  keystone  or  key  block.  The  crown 
is  the  highest  part  of  the  arch.  The  first  courses  at  each  side  are  called  springers.  In  a 
B^mental  arch,  the  inclined  surface  or  joint  upon  which  the  end  of  an  arch  reste  is  called 
A  fkewbaek.  The  gpringing  line  is  the  inner  edge  of  the  skewbock.  The  voussoira  between 
the  keystone  and  the  springers  are  called  collectively  the  haunek  of  the  arch,  and  the  portion 
of  the  wall  above  the  haunches  and  below  a  horizontal  line  through  the  crown  is  t«rmed  the 
tpandrel.  The  sides  of  the  arch  which  are  seen  are  called  /aeet.  The  gpan  is  the  horisontal 
distance  between  springing  tines  measured  parallel  to  tbe  faces.  The  me  is  the  height  of 
intradoB  at  ctown  above  level  of  springing  lines. 

The  keystone  is  sometimes  made  to  project  several  inches  above  the  eirtrados  line,  but 
this  portion  ho  projected  adds  nothing  to  the  strength  of  the  arch  and  is  usually  elevated  for 
appearances  only. 

130.  Depth  of  Keystone. — There  is  no  exact  method  of  determining  the  required  depth 
of  the  voussoirs  or  of  the  keystone.  The  thickness  of  an  arch  must  be  assumed  and  then  the 
arch  investigated  in  regard  to  strength. 

There  are  several  rules  that  have  been  established  by  recognized  authorities  for  eatablishii^ 
the  depth  of  keystones,  but  these  are  admitted  to  be  only  empirical.  They  are  a  good  guide, 
however,  for  ni^ng  a  selection  for  trial. 

Trautwine's  formula  for  the  depth  of  the  kejistone  for  a  first-class  cut-stone  arch,  whether 
circular  or  elliptical  is 

Depth  of  key  in  feet  =  H  -v/radius  of  intrados  +  ?^  +  0.2 

■  8«  alio  Art  30 
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For  second-class  work,  this  depth  may  be  increased  about  j^  part;  and  for  brick  work  or  fair 
rubble,  about  H. 

136.  Forms  of  Arches. — Arches  are  built  in  a  great  variety  of  forms,  the  most  common 
of  which  are  semicircular,  segmental,  multi-centered,  and  ellipticaL  The  name  is  determined 
by  the  curve  of  the  intrados  or  inner  curve  of  the  arch. 

The  joints  of  semicircular  and  segmental  arches  radiate  from  a  single  center.  In  arches 
having  two  or  more  centers,  the  joints  in  each  arc  radiate  from  their  respective  centers.  The 
joints  in  flat  arches  radiate  from  the  vertex  of  an  equilateral  triangle  having  the  span  line 
at  springing  as  a  base. 

Semicircular  and  semi-elliptical  arches  are  full  centered — that  is,  they  spring  from  hori- 
zontal beds — ^while  segmental  arches  spring  from  inclined  beds  called  skewbacks  (see  Fig.  251). 
Multi-centerd  arches  may  have  beds  either  inclined  or  horizontal.  Minor  curves  joining  the 
arch  soffit  to  pier  or  abutment  are  not  effective  and  should  not  be  considered  as  part  of  the  arch 
rise.  Full  centered  arches  should  be  used  when  it  is  necessary  to  make  the  abutments  of  the 
arch  as  small  as  possible. 

A  relieving  arch  is  one  set  immediately  above  a  lintel,  to  carry  the  wall  above  and  to  relieve 
the  lintel  of  all  except  its  own  weight  and  the  weight  of  the  wall  between  the  lintel  and  the 
arch.  This  form  of  construction  is  generally  used  in  brick  walls.  Some  building  codes 
require  a  relieving  arch  over  the  procenium  girder  in  a  theatre. 

137.  Brick  Arches. — Arches  built  of  brick  are  most  commonly  used  over  window  openings. 
They  are  also  used  to  support  sidewalks  over  vaults.  In  constructing  these  vaults,  brick 
arches  are  sometimes  sprung  between  the  vertical  columns  at  the  curb  and  make  a  very  effective 
retaining  wall. 

When  fireproof  structures  were  first  used,  brick  arches,  sprung  between  the  flanges  of 
iron  beams,  were  used  to  support  the  floors.  As  this  form  of  construction  is  very  unsightly, 
it  is  not  used  in  modem  construction,  except  occasionally  in  buildings  of  an  unfinished 
nature,  such  as  in  warehouses  and  mills. 

Brick  arches  can  be  built  either  of  wedge-shaped  bricks  made  to  fit  the  radius  of  the  soffit, 
or  of  common  bricks.  The  former  method  is,  of  course,  preferable  but  much  more  expensive. 
The  common  forms  of  building  brick  will  be  found  to  fill  most  requirements,  and  to  be  the  most 
economical  in  cost.  A  brick  arch  should  never  be  less  than  4  in.  in  depth,  and  the  bricks  should 
be  laid  on  edge  supported  by  a  temporary  center  until  they  have  properly  set.  In  using  common 
size  brick  the  joints  at  the  intrados,  will,  by  necessity,  be  smaller  than  at  the  extrados  to  accommo- 
date the  curvature  of  the  arch.  Unless  the  curvature  is  very  sharp,  the  mortar  will  take  up 
the  difference  in  space  satisfactorily,  in  which  case  small  pieces  of  slate  can  be  driven  in  the  spaces 
at  the  extrados  of  each  course  of  brick. 

An  arch  4  in.  thick  will  support  a  considerable  load  over  a  span  of  from  4  to  6  ft.  and 
the  span  can'  be  made  as  large  as  8  ft.  for  loads  in  proportion,  with  safety.  If  arches  are 
more  than  4  in.  thick,  the  bricks  should  be  alternated  by  laying  one  on  edge  and  the  next  on  end 
to  form  a  bond. 

For  arches  supported  on  piers  which  have  not  the  stability  to  take  the  arch  thrust,  cast-iron 
skewbacks  should  be  provided  from  which  to  spring  the  arch  and  the  thrust  is  then  taken  up  by 
tension  rods  fastened  to  the  skewbacks.  The  horizontal  thrust  of  the  arch  is  very  closely 
determined  by  either  of  the  following  formulas  and  equals  the  tension  produced  in  the  rods: 

rp,       .  __  1.5  X  load  per  square  foot  X  (span)* 

X  nrUS  b  ^  •  Ji  i — ; — ; — , 

nse  of  arch  m  mches 

or 

-^      ,        load  on  arch  X  span 

Thrust  "  Q  ^    . 7 X.  '    t    ^ 

8  X  rise  of  arch  m  feet 

Good  proportions  of  rise  to  span  occur  when  the  radius  is  equal  to  the  span,  or  }i  of  the 
span  equals  the  rise. 

The  required  minimum  thicknesses  of  brick  arches  in  proportion  to  the  span  is  covered 
by  the  various  building  codes. 

For  all  brick  arches  carrying  floors,  tie  rods  should  be  provided  between  the  supporting 
beams  or  walls  to  take  up  the  thrust. 
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•Fia.  252. 


Fio.  253. 


188.  Bztemal  Forces. — Let  Pi  and  Ps,  Fig.  252,  represent  the  resultants  of  all  the  loads 
on  the  left  and  right  halves  of  the  arch  respectively,  the  loads  being  equal  in  amount  and 
applied  Sjrmmetrically  with  respect  to  the  span  of  the  arch.  Let  Ri  and  i2s' represent  the 
vertical  reactions.  As  the  loads  are  equal  and  symmetrically  placed  with  respect  to  the  span 
of  ^e  arch,  then  Ri  and  Rt  are  equal  to  each  other  and  equal  to  loads  Pi  and  Ps.  Let  i2s  and  R* 
represent  the  horizontal  thrust  at  the  supports  which 
will  both  be  equal. 

Now  assume  one-half  of  the  arch  to  be  taken  away  as 
in  Fig.  253.  To  preserve  equilibrium  in  the  half  shown, 
a  force  must  be  appUed  at  the  crown  as  Rt,  which  must 
be  equal  to  Ru  The  algebraic  sum  of  the  vertical  forces, 
and  likewise  the  sum  of  the  horizontal  forces,  must  equal 
seio  in  order  to  produce  equilibrium.^  Then  Ri  must 
equal  Pi,  and  Rt  must  equal  Ri.  Also  the  sum  of  the 
moments  about  any  point  must  equal  zero.^    Therefore,  taking  moments  about  the  abutment, 

Any  number  of  loads  can  be  treated  in  the  same  manner  and  if  they  are  equal  and  sym- 
metrical about  the  center  of  the  arch,  only  one-half  of  the  arch  need 
be  investigated  as  both  halves  will  be  alike.  If,  however,  the  loads 
are  not  equal,  or  are  not  placed  symmetrically,  or  if  the  arch  is 
unsymmetrical^  the  thrust  at  the  crown  will  not  be  horizontal. 
Only  symmetrical  conditions  will  be  considered  in  this  chapter  as 
is  usually  the  case  with  arches  in  building  construction. 

139.  Determining  the  Line  of  Pressure. — To  get  a  fair  idea  of 
the  nature  of  the  stresses  and  the  line  of  pressure  in  an  arch,  con- 
sider the  following  conditions: 
Suppose  a  cord,  fastened  at  each  end  supports  a  number  of  loads  as  in  Fig.  254.  The  cord 
will  take  a  position  of  equilibrium,  depending  on  the  amount  and  location  of  the  loads.  In 
a  case  like  this,  the  cord  is  in  tension.  For  an  inverted  case,  as  shown  in  Fig.  255,  the  forces 
are  still  in  equilibrium,  but  in  place  of  a  cord  in  tension,  the  broken  line  between  the  points 
of  loadings,  must  be  members  capable  of  taking  compression.  The  latter  case  represents  the 
condition  that  exists  in  an  arch,  and  the  line  intersecting  the  vertical  load  lines,  forms  the  line 
of  preaaiare  or  line  of  resistance,*  The  material  of  which  the  arch  is  constructed  must  be  of  such 
strength  and  so  disposed  as  to  safely  resist  the  compressive  forces  acting  along  this  line — ^that 
is,  the  maximum  intensity  of  pressure  at  any  point  must  not  exceed  the  allowable  stress.* 

The  line  of  pressure  for  a  masonry 
arch  should 'lie  within  the  middle  third 
of  the  arch  ring.  For  instance,  with 
an  arch  3  ft.  deep,  the  line  of  pressure 
should  be  within  a  space  6  in.  on  either 
side  of  the  center  of  the  depth.  If 
the  line  of  pressure  falls  outside  of  the 
middle  third,  the  joints  tend  to  open, 

which  condition  will  tend  to  make  the  arch;imsightly,  and  cause  cracks  in  the  masonry  above 
the  arch;  also,  the  pressure  line  may  make  an  angle  with  some  of  the  joints  between  voussoirs 
such  as  to  cause  the  voussoirs  to  slide  on  their  surfaces  of  contact — ^in  other  words,  the  tangent 
of  the  angle  between  the  line  of  pressure  and  the  normal  to  any  joint  may  be  greater  than 
the  coefficient  of  friction. 

>  See  Sect.  1,  Art.  436. 

s  Sinoe  loads  are  distributed  in  an  arch,  the  line  of  pressure  is  in  reality  a  continuous  curve,  but  differs  very 
little  from  an  equilibritim  polygon  for  the  concentrated  loads  as  usually  assumed.  For  method  of  drawing 
equilibrium  polygon,  see  Sect.  1,  Art.  43(a). 

*  See  Sect.  1,  Art.  103,  for  explanation  as  to  how  the  maximum  unit  stress  may  be  obtained  at  any  given  section 
prorided  the  normal  component  of  the  resultant  thrust  on  the  section  is  known  in  position  and  amount. 


Fio.  254. 


Fio.  255. 
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To  determine  the  line  of  pressure  or  equilibrium  polygon  for  any  vou^soir  or  plain  concrete 
arch,  a  point  on  this  line  must  be  determined  at  the  crown  and  one  at  the  abutment^  otherwise  an 
indefinite  number  of  lines  of  pressure  could  be  drawn.  The  true  line  of  pressure  is  usually  oqh^ 
sidered  to  be  the  one  lying  nearest  to  the  center  line  of  the  arch.  It  follow§,  therefore,  that  if  a 
line  of  resistance  can  be  drawn  within  the  middle  third  of  the  areh  ring,  the  true  line  of  resistance- 
will  lie  within  the  middle  third.  It  is  not  always  possible  to  deterqine^  at, first  trial  as  to 
whether  a  line  of  pressure  can  be  drawn  which  will  be  wholly  within  the  middle  third.  By  using 
good  judgment,  however,  in  the  selection  of  controlling  points  thrpugh  wi^eh^^trQ  pass  .the  equilib- 
rium polygon  or  line  of  pressure,  two  or  three  trials  will  usually  suffioer,  .JX  a  line  of  pressure 
cannot  be  drawn  so  as  to  pass  through  the  middle  third,  either  the  thickness  of  the  areh  must  ' 
be  inc;reased  or  the  shape  of  the  areh  ring  changed. 

For  the  first  trial  the  middle  points  at  the  crown  and  skewback  may  be  assumed  as  points- 
on  the  line  of  pressure.  For  other  trials,  however,  the  upper  limit,  of  the  middle  third  should  • 
be  used  at  one  joint  and  the  lower  limit  of  the  middle  third  at  the  other  joint. 

The  following  is  quoted  from  the  American  Civil  Engineers'  Pocket  Book  and  shows  how; 

one  may  proceed  in 
determining  as  to 
whether  a  line  of  pres- 
sure may  be  drawn 
within  the  middle 
third  of  the  areh  ring 
after  a  first  trial  is 
made  and  the  first 
pressure  line  found  to 
lie  outside  of  the 
jniddle  third: 


FiQ.  256. 


Fro.  267. 


After  having  drawn  a  reeiatance  line  which  passes  outside  of  the  middle-third  at  one  or  more  places,  an  attempt 
should  be  made  to  find  another  one  which  lies  within  it.  For  this  purpose  find  on  the  drawing  the  two  joints  where 
the  resistance  line  departs  most  widely  from  the  neutral  axis  and  select  two  points  Ai  and  At  on  thoee  joints  which 
are  nearer  that  axis,  Ai  being  on  the  joint  which  is  the  nearer  to  the  crown.  Let  Pi  and  Ps  be  the  sum  of  all  loads 
between  the  crown  and  Ai  and  At  respectively,  ai  and  at  be  the  horizontal  distances  from  Ai  and -As  to  the  lines  of 
action  of  Pi  and  Pt,  h  »  vertical  distance  from  crown  to  At,  and  h'  »  vertical  distance  between  Ai  and  At;  then 
the  horizontal  thrust  H'  for  the  new  resistance  line  and  the  distance  t  from  the  crown  to  its  point  of  application  are 
(Cain's  Voussoir  Arches,  1904) 

.,        (Ptat  -  Piai) 


H' 


h' 


t 


.        Ptat 


With  this  new  horizontal  thrust  a  second  resistance  line  may  be  drawn  and  this  should  pass  through  the  points 
Ai  and  At, 

In  taking  the  loads  on  arehes,  all  weights  must  be  reduced  to  the  same  standard.  The 
loads  are  made  equivalent  to  masonry  weighing  in  pounds  per  cubic  foot,  the  same  as  the 
masonry  of  the  arch  ring.  Usually  1-ft.  width  of  the  arch  is  considered.  To  determine  the 
loads  to  consider  in  investigating  flat  segmental  arches,  the  arch  ring  and  its  load  may  be 
divided  into  vertical  slices,  as  shown  in  Fig.  256.  For  full-centered  arehes,  however,  it  is  more 
accurate  to  divide  the  arch  ring  into  a  certain  number  of  voussoirs,  the  rest  of  the  load  being 
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divided  vertically,  as  shown  in  Fig.  257.     In  thia  case,  it  is  leas  easy  to  find  the  position  of  each 
load  than  in  the  vertical-slice  method  but  the  method  of  investigation  is  the  same.' 

ISfta.  Graphical  Method. — Begin  by  drawing,  to  scale,  a  diagram  of  one-half 
the  arch.  The  load  upon  one-half  the  arch  must  next  be  determined.  Lay  ofF,  to  scale,  a 
height  of  masonry  whose  weight  will  represent  this  load.  Commencing  at  the  crown,  divide 
the  load  into,  say,  2-ft,  sections  as  far  as  possible.  The  weight  of  each  alice  will  be  its  contents 
multiplied  by  the  weight  per  cubic  foot,  and  is  marked  on  the  diagram.  Next,  fix  a  point  at  the 
crown,  and  one  at  the  spring  of  the  arch,  through  which  the  pressure  curve  or  equilibrium  poly- 
gon is  assumed  to  pass.  The  pointa  may  lie  anywhere  within  the  middle  third  of  the  width; 
but  the  point  "a"  at  the  crown  has  been  taken  at  the  outer  edge,  and  the  point  "u"  at  the 
spring  at  the  inner  edge,  of  the  middle  third. 

Layoff  from  "a"  on  the  vertical  orf',  the  distances  at,  &c,e(i,  etc.,  which  represent  the  weight 
of  the  slices  from  the  crown  to  the  spring.  Next  draw  45-deK.  lines  from  a  and  h,  intersecting 
at  i ;  and  from  i  draw  ib,  ie,  id,  etc.  Through  the  center  of  gravity  of  each  slice,  draw  a  vertical, 
as  w,  pio,  qx,  etc.  Starting  from  o,  draw  ati  parallel  to  at;  from  v,  draw  vw  parallel  to  W,  etc. 
These  lines  form  a  broken  line,  which  changes  its  direction  on  the  vertical  hne  through  the 
center  of  gravity  of  each  slice.     From  the  last  point  k,  draw  kj  parallel  to  ih,  and  intersecting 


ai,  extended,  at  j;  from  j  draw  a  vertical  line  j7,  which  will  pass  through  the  center  of  gravity 
of  the  half  arch  and  load.'  Fromi,  layoff  a  distance  fm  equal  to  ah,  which  represents  the  weight 
of  all  the  slices.  From  I  draw  a  line  through  the  point  u;  and  from  m,  a  horizoDtal  line  inter- 
secting lu,  extended,  at  n.  Then  win  will  be  the  horiaontal  thru.st  at  the  crown,  required  to 
maintain  the  half  arch  in  equilibrium  when  the  other  halt  is  removed ;  and  In  will  be  the  direc- 
tion and  amount  of  the  oblique  thrust  at  the  skewback.  On  la  extended,  lay  olT,  from  a,  a  dis- 
tance ab'  equal  to  ran.  From  6',  draw  lines  to  6,  c,  d,  etc.,  which  represent  the  thrusts  at  the 
center  of  gravity  of  each  slice.  From  a,  draw  ao,  parallel  to  b'a;  from  o,  draw  op,  parallel  to 
bt,  etc.,  then  a,  o,  p,  etc.,  will  be  points  on  the  line  of  pressure.  If  this  line  lies  within  the  middle 
third,  the  arch  will  be  stable,  provided  the  pressure  is  within  safe  Uraits.  The  pressure  at  u 
is  found  by  measuring  b'h  with  the  same  scale  as  for  ab,  be,  etc. 

Having  calculated  the  weight  of  the  pier  or  wall,  lay  of!  this  weight  on  the  vertical  line 
from  A  to  d',  and  draw  d'b'.  Draw  a  vortical  line  through  the  center  of  gravity  of  the  pier, 
cutting  In  at  (/;  also,  a  line  from  c",  parallel  to  b'd'.  The  latter  lino  will  bo  the  resultant  thrust 
of  the  arch  ,  after  being  influenced  by  the  weight  of  the  pier.  If  this  line  falls  beyond  the  foot 
of  the  pier,  at  the  ground  line,  the  pier  will  be  incapablcuf  resisting  the  thrust  of  the  arch.  In 
order  that  a  pier  niay  be  secure,  this  final  or  resultant  line  of  thrust  should  fall  on  the  ground 
line,  well  within  the  middle  third  of  the  base. 


t.  I.Aj 
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1896.  Algebraic  Method. — In  the  arch  shown  in  Fig.  258  the  pressure  curve 
is  considered  as  passing  through  the  points  at  the  abutments  H  the  depth  of  the  voussoirs  from 
the  intrados,  and  through  the  center  of  depth  at  the  crown.  The  arch  and  load  are  divided 
by  dotted  lines  into  sections,  which,  for  convenience  are  numbered. 

If  1/7  be  the  width  of  any  section  and  h  its  average  height,  then  its  area  "a**jav}Xh  Alao, 
if  c''  is  the  distance  from  the  crown  to  the  center  of  gravity  of  a  section,  the  moment  m  of  any 
section  about  the  crown  is  a  X  c.  Gall  A  the  sum  of  all  the  a'a  from  the  crown  up  to  and  in- 
cluding the  section  considered.  Call  M  the  total  of  the  m'«.  Then  the  distance  C  from  the 
crown  to  the  center  of  gravity  of  the  portion  between  the  crown  and  the  section  considered  la 

M 

-—  of  that  section.    The  above  values  may  be  tabulated  as  follows: 


Section 

to 

h 

a  «  10  X  A 

c 

m^  aXe 

A  -  Za 

Jtf  -  Zm 

c-^ 

1 

2 

3 

4 

5 

6 

1 

1 

The  horizontal  thrust  at  the  crown,  Q  «  — r — ,  in  which  x  is  equal  to  one-half  the  theo- 
retical span,  minus  the  value  of  C  for  the  sixth  section.  P  is  equal  to  A  for  the  last  section,  and 
h  equals  the  theoretical  rise  of  the  arch.     Hence,  taking  moments  about  m, 


Multiplying  by  the  weight  of  the  masonry  per  cubic  foot,  the  horizontal  thrust  is  obtained. 

The  line  of  pressure  may  now  be  determined  as  follows :  Draw  through  point  p  in  Fig.  258 
the  horizontal  line  yz\  lay  off  to  scale  from  p,  in  order,  the  distances  C  obtained  from  table. 
At  these  points  lay  off  the  vertical  distance  ef,  gh\  v>  etc.,  equal  respectively  to  the  values  of 
A  for  each  section,  from  the  column  headed  A,  From  /,  h\  j,  etc.,  to  the  same  scale,  mark 
off  the  constant  horizontal  thrust  Q,  as  at  /g,  /i  V,  js^  etc.  Thus  the  vertical  and  horizontal  forces 
at  each  section  being  given,  the  resultant  of  these  two  forces  in  each  case  is  eq^  gr,  is,  etc.  Ex- 
tending each  until  it  intersects  the  joint  beyond  e,  g,  t,  etc.,  the  pressure  curve  may  be  drawn 
through  these  latter  points  of  intersection,  as  shown  by  the  heavy  black  line,  and  the  thrust  at 
the  joints  may  be  found  by  measuring  eg,  gr,  t«,  etc.,  with  the  scale  to  which  the  diagram  was 
drawn. 

Since  in  this  case  the  pressure  curve  falls  well  within  the  middle  third  of  the  arch  ring,  the 
arch  may  be  considered  satisfactory,  provided  the  safe  crushing  strength  of  the 'masonry  is 
not  exceeded. . 

The  influence  of  the  last  oblique  thrust,  which  is  the  resultant  thrust  of  the  arch  upon  the 
pier,  or  abutment,  is  explained  in  the  preceding  article  on  the  graphic  solution  of  the  pressure 
curve. 

140.  Arches  of  Reinforced  Concrete. — Concrete  arches  reinforced  with  steel  are  but  rarely 
used  in  building  construction  so  it  has  been  thought  advisable  to  omit  the  treatment  of  same. 
Arches  of  this  type  are  treated  at  length  in  Concrete  Engineers'  Handbook  by  Hool  and  John- 
on.     Plain  concrete  arches  may  be  designed  as  described  in  this  chapter. 
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PIERS  AND  BnTTRESSBS 

Bt  Frank  C.  Tbibbbbh 

141.  Method!  of  Fiilare. — A  pier  ACDB  upon  which  a  thniBt  P  acta,  as  shown  in  FHg. 
259,  may  move  from  its  position  by  sliding  on  any  section,  or  by  overturning  when  the  moment 
of  the  thrust  about  a  point  at  the  edge  exceeds  the  moment  of  the  weight  about  the  same  point. 
A  heavy  superimposed  load  on  a  pier,  or  an  inclined  thrust,  as  from  an  arch, 

a  rafter,  or  a  truss,  may  cause  an  intensity  of  stress  at  a  point  in  the  out- 
side edge  sufficient  to  crush  the  msaonry.  If  the  pier  is  stable  against  slid- 
ing along  any  bed-joint  and  also  along  its  foundation,  a  thrust  would  shift 
the  resultant  of  the  vertical  loads,  W,  so  that  the  cent«r  of  pressure  on  the 
foundation  would  no  longer  pass  through  the  center  of  gravity  of  the  pier. 
The  preanire  at  one  side  of  the  base  would  become  greater  than  at  the 
other  side.  If  the  foundation  is  not  firm,  excessive  pressure  may  cause  the  ' 
structure  to  overtum  bodily. 

142.  Prindidea  erf  Stability. — Proper  provision  can  be  made  in  the 
design  and  construction  of  a  pier  to  safeguard  against  fiuhire  as  described 
above.    Hie  underlying  principles  are  quite  simple. 

In  Fig,  240,  let  W  represent  the  weight  acting  through  the  center  of  gravity  of  the  rec- 
tangular pier,  and  let  P  represent  a  force  tending  to  overturn  the  structure.  Drawing  a  parallelo- 
gram of  forces  (see  Sect.  1,  Art.  42a),  the  resultant  is  seen  to  cut  the  base 
AB  at  a  point  Q.  If  the  force  P  is  increased  sufficiently,  the  resultant  will 
pass  through  A  and  the  structure  will  then  be  at  the  point  of  rotating  about 
A.  A  slight  crushing  of  the  mortar  at  the  edge  would  be  sufficient  to  cause 
rotation.  Therefore,  in  order  to  insure  safe  stability  against  overturning 
and  to  secure  a  satisfactory  distribution  of  pressure,  it  is  customary  to 
Umit  the  position  within  which  the  resultant  should  cut  the  base.  In 
ordinary  masonry  piers  the  action  line  of  the  resultant  of  all  forces  should 
intersect  the  base  within  the  middle  section,  or  middle-thiTd  as  it  is  called, 
assuming  the  base  to  be  divided  into  three 
equal  sections. 

If  the  force  F  (Fig.  260)  is  not  acting, 
the  downward  pnssuTe  on  the  foundation  due  only  to  the 
weight  W  is  uniform  and  its  intensity  is  equal  to  -r-  assuming 
the  pier  to  have  a  length  b  and  a  width  of  unity  in  the  direc- 
tion perpendicular  to  the  plane  of  the  paper.  Ilie  horisontal 
force  P,  acting  as  shown,  tends  to  increase  the  pressure  at  A  and 
decrease  it  at  B.  Considering  the  pier  as  a  short  cantilever, 
free  at  the  upper  end,  the  bendii^  moment  due  to  the  force  P 
will  cause  compression  at  A  and  t«nBion  at  B.  The  maximum  ■  i  1 1  ■  jj^f^ 
pressure  at  A  will  be  equal  to  that  due  to  the  weight  of  the  pier  g^  VX^'"^  \  . 
plus  the  compression  due  to  flexure;  and  the  pressure  at  B 
will  be  the  compression  due  to  the  weight  of  the  pier  minus  the 
tension  due  to  flexure. 

In  Fi«.  Sflllat  A3  mvMent  the  bus  of  ■  piai  with  the  rMultadt  of  »11 
(arsM  (S)  intanoetliii  the  bue  liDS  *.%Q.  RnolTa  the  inoUned  form  i!  into 
)(•  horuontal  uid  verliol  eomponenti.  Rh  and  Ry  Cwe  Beet.  \.  Art.  *2b), 
Ths  effect  o<  tbee*  two  ferae  will  be  the  Muna  m  the  ainolo  laroe  R,  Tbe 
borifontel  dbmponsnt,  Rh.  tanda  to  aeuH  tha  piar  to  elide  aloni  tbe  beea. 
Hm  mtiael  eompanent.  Rv.  ie  equivBlent  in  affeet  to  u  aqiul  Rv  utioc 
at  Q  aod  %  eouple  whoee  momant  U  Art.  At  uij  point  dietant  x  from  0, 
\taaa  tleiun  fiHinula  (tee  Sect  1,  Art.  ttlb)  tbe  intenait; 
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/M«  ^  b 

the  plane  of  the  paper  [Tn'*  see  Sect.  1,  Art.  61c  J  ,      The  maximum  values  of  this  expression  occur  when  ^  ^~q 

6Rvzo 
At  the  edses  A  and  B  the  intensity  is  — r, — •      The  total  intensity  of  pressure  at  A  is 


PI 


Rv    .  QRvxa       Rv 


fAKYXa  KV  / 


6x0  \ 
~b) 


This  value  should  not  exceed  the  safe  working  strength  of  the  mortar  or  other  materials  of  which  the  structure  ia 

buUt. 

At  the  edge  B 

Rv  /,      6jro\ 

The  diagrams  of  Fig.  261(a),  261(b),  and  261(c)  show,  respectively,  the  uniform  intensity  of  pressure,  the 

intensity  due  to  flexure,  and  the  combination  of  the  two.     From  an  inspection  of  these  dia^ams  it  will  be  seen  that 

Rv       %Rvxo  b 

the  intensity  at  the  edge  B  will  become  sero  when  -r-  ~  — ri — *     Solving,  xo  »  g,  that  is,  the  resultant  intersecta 

2Rv 
at  one-third  the  distance  AB  from  A.     For  this  condition  the  intensity  of  pressure  at  the  edge  A  will  be  — r—  ,  or 

o 

double  the  average  intensity.     If  the  resultant  falls  outside  the  middle-third  point,  some  tension  might  occur  at  the 

edge  B  but,  as  the  tensile  strength  of  masonry  with  mortar  joints  is  nearly  a  negligible  quantity,  the  tendency  would 

be  to  have  a  greatly  increased  pressiiro  at  the  edge  A  with  compression  extending  over  only  a  part  of  the  joint. 

When  the  resultant  intersects  within  the  limits  of  the  middle-third,  the  full  width  of  the  joint  acts  in  'supporting 

the  structure,  the  entire  joint  being  in  compression. 

In  many  cases  architectural  considerations  may  determine  the  preliminary  proportions. 
With  the  dimensions  given,  the  pier  or  buttress  is  then  tested  for  stability.  If  upon  trial  it 
is  found  that  the  resultant  passes  outside  the  middle-third  section  of  a  joint,  the  general  propor- 
tions of  the  pier,  the  position  of  superimposed  loads  or  both,  should  be  changed  to  bring  the 
resultant  within  the  desirable  Hmits. 

The  horizontal  components  of  the  forces  acting  tend  to  slide  the  structure  over  a  joint  or 
plane  of  weakness,  and  are  resisted  by  the  friction  of  the  surfaces  in  contact.  For  any  hori- 
zontal joint,  motion  will  occur  when  H  =  /TF,  where  /  is  the  coefficient  of  friction,  H  the  sum. 
of  the  horizontal  components  of  forces  acting  above  the  joint,  and  W  the  \f eight  of  the  portion 
above  the  joint.  In  the  following  table  are  given  a  number  of  frequently  required  values  of 
the  coefficient  of  friction,  with  the  corresponding  values  of  the  angle  of  inchnatibn  at  which 
motion  occurs: 


tan  ^ 


* 


Masonry  upon  masonry 

Hard  limestone  on  hard  limestone. 
Common  brick  on  common  brick . . 
Concrete  blocks  on  concrete  blocks 
Common  brick  on  hard  limestone  . 

Masonry  upon  dry  clay 

Masonry  upon  moist  clay 

Masonry  upon  sand 

Masonry  upon  gravel 


0.65 
0.65 
0.65 
0.65 
0.65 
0,50 
0.33 
0.40 
0.60 


33* 

33* 

33*» 

33* 

a6"'40 

13°20' 

21''50' 

31* 


To  make  sure  that  the  structure  is  stable  against  sliding,  a  safety  factor,  commonly  two, 
is  employed.  This  is  equivalent  to  providing  sufficient  resistance  so  that  the  structure  will 
remain  stable  under  the  action  of  at  least  twice  the  shding  force.  Ordinarily,  with  the  dimen- 
sions given,  the  problem  is  to  determine  the  safety  factor,  testing  the  pier  or  buttress  for  its 
stability  against  sliding  at  the  various  bed-joints  or  planes  of  weakness.  If  the  value  of  the 
safety  factor  b  found  to  be  below  two,  added  resistance  should  be  provided.  Stability  can  be 
secured  by  giving  the  structure  sufficient  weight,  by  increasing  the  frictional  resistaiice,  by 
bringing  vertical  loads  to  bear  upon  the  upper  portions,  and,  if  necessary,  by  proper  bonding, 
doweling,  or  inclining  the  joints.  In  building  foundations  upon  a  moist  clay  soil,  it  is  not 
uncommon  to  add  a  projection  below  the  base. 
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148.  Designing  for  Stability. — The  stability  of  a  given  pier  or  buttress  is  usually  determined 
graphically,  or  by  means  of  some  algebraic  work  combined  with  a  graphical  analysis.     The  entire 


Fia.  262. 


Pia.  263. 


Fia.  264. 


problem  may  also  be  solved  algebraically  but  the  graphical  method  is  rapid  and  gives  sufficient 
accuracy  if  the  scale  is  well  chosen.     In  order  to  illustrate  clearly  the 
method  of  procedure,  a  structure  having  the  simple  form  shown  in  Fig. 
262  will  be  tested  for  stability  about  its  base  imder  the  action  of  a  thrust  T 
api^ied  at  the  upper  comer  and  acting  in  the  direction  shown. 

The  first  step  is  to  determine  the  position  of  the  action  line  of  the  weight  (W)  oi  the 
entire  stnicture  with  respect  to  some  vertical  line,  such  as  the  face  KB.  Divide  the  pier 
or  buttress  into  triangles  or  quadrilaterals  of  which  the  centers  of  gravity  and  areas  may 
be  readily  determined.  For  a  rectangle,  the  center  of  gravity  is  found  at  the  intersection 
of  the  diagonals.  For  a  trapezoid,  a  simple  method  is  as  follows:  Bisect  JK  and  OHt  Fig. 
262,  and  draw  the  medial  line  J'0\  On  the  line  KJ  extended,  lay  off  from  /  the  distance 
HO;  from  H  lay  off  to  the  right  along  OH  extended,  the  distance  KJ.  Connect  the  extre- 
mities as  shown.  The  intersection  with  the  medial  line  is  the  center  of  gravity  desired. 
Through  each  center  of  gravity  draw  a  vertical  line  representing  the  action  line  of  the 
-weight  of  the  respective  portion.  Starting  (at  the  extreme  right)  at  a  convenient  point  a 
oo  the  action  line  of  vri,  lay  off  to  a  convenient  scale  ab  a  toi,  be  =  tpt,  ed  *  wj,  and  de  » 
t04  representing  the  weights  of  the  various  portions  of  the  structure.  Choose  a  pole  O  and 
draw  the  rajrs  Oa,  06,  Oc,  Od^  and  Oe  of  the  force  polygon.  The  action  line  of  the  weight 
CfF)  of  the  entire  structure  is  found  by  the  aid  of  an  equilibrium  polygon  (see  Sect.  1,  Art. 
43a). 

The  distance  of  the  action  line  of  W  from  the  face  KB  (Fig.  262)  may  also  be  obtained 
by  the  method  oi  moments.  If  the  sections  into  which  the  buttress  is  divided  are  simple 
areas,  such  as  triangles  or  rectangles,  the  centers  of  gravity  may  be  readily  found.  Let  the 
distances  from  KB  to  the  vertical  lines  through  the  center  of  gravity  of  ten,  toi,  u>»,  and  w* 
be  represented  by  xi,  zt,  z»,  and  xa,  respectively.  Then  the  distance  xo  is  found  by  taking 
a  summation  of  moments  about  the  hne  KB  and  dividing  by  the  total  weight.  Thus,  for 
the  buttress  of  Fig.  262 

(tOl.Xl)    +   (tOj.Xi)    -f    (tOl.Xs)    +    (tP4.X4) 

Prolong  the  action  line  of  the  thrust  T  beyond  the  intersection  with  the  action  line  of  W 

(Fig.  263).     As  a  force  may  be  considered  as  applied  at  any  point  along  its  action  line,  lay  . 

off  to  a  convenient  scale  the  forces  T  and  W,  using  the  same  scale  for  both.  Complete  the 
parallelogram  of  forces.  In  this  case  the  action  line  of  the  resultant  of  all  forces  is  seen  to 
intersect  the  base  line  within  the  middle-third  section.  If  the  point  of  intersection  had  been  outside  the  middle- 
third  point,  it  would  have  been  necessary  to  have  increased  the  base  or  otherwise  rearranged  the  vertical  loads  to 
brins  the  intersection  within  the  proper  limits. 


Fig.  265. 
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If  the  Btnicture  of  Fig.  262  had  been  oomptMod  of  a  nuinber  of  separate  parts  such  as  JKHO,  OHFEt  etc.,  fail- 
ure might  occur  by  sliding,  overturning,  or  crushing  at  any  joint.  Even  if  no  joints  existed,  the  imaginary  joints 
of  all  points  of  weakness  would  be  subject  to  the  same  principles  and  hence  should  be  investigated  for  stability. 
In  Fig.  264  the  pressure  on  the  joint  GH  is  due  to  the  thrust  T  and  the  weight  of  the  portion  JKHO.  The  point  of 
application  of  the  resultant  of  these  two  forces  on  the  portion  QHFE  is  indicated  by  the  arrowhead.  To  find  the 
point  of  application  of  the  pressure  on  BF  this  resultant  is  combined  with  the  weight  of  the  portion  OHFB.  The 
points  of  application -for  the  other  joints  are  found  in  a  similar  manner.  The  dotted  line  connecting  the  points 
of  intersection  of  the  various  joints  is  called  the  line  of  prfaure,  the  line  of  reeietanee^  or  the  ree%8tance-4uie.  If 
the  structure  ia  properly  designed  the  resistance  line  will  lie  inside  the  middle-third  section  of  the  structure. 

In  church  structures  it  i  ii jgQiniHntT  to  find  parallel  walls  with  vaulted  roofs,  hammer-beam 
trusses,  or  other  types  havingno  tie  rod  or  bottom  tension  member  to  take  the  full  thrust  of 
the  curved  or  inclined  roof.  In  such  cases,  the  outer  walls  must  be  increased  in  thickness 
or  supplied  with  buttresses  to  resist  the  outward  thrust.  Ordinarily  a  trial  buttress,  satisfying 
the  architectural  requirements,  is  first  sketched  and  tested  for  stability  by  drawing  a  pressure 
line  and  determining  the  factor  of  safety  against  sliding  at  the  weakest  joint.  Fig.  265  shows 
the  construction  of  a  pressure  line  for  such  a  buttress.  It  will  be  noted  that  the  structure  is 
divided  into  a  number  of  sections  and  that  one  of  the  lines  previously  drawn  serves  for  the 
load  Une  of  the  force  polygon.  The  construction  is  similar  to  that  required  for  the  buttress 
of  Fig.  262. 

TIMBER  DETAILING 
By  Hbnby  D.  Dewell 

Timber  detailing  differs  from  steel  detailing  in  that  there  are  no  generally  accepted  stand- 
ards of  connections  for  timber  structures,  as  in  the  case  of  steel  framed  buildings.  In  making 
this  statement,  the  writer  is  not  forgetting  certain  trade  or  stock  joist  hangers,  post  caps, 
etc.,  the  specifications  of  building  ordinances,  and  the  generally  accepted  types  of  details 
of  mill  construction.  In  recent  years,  the  lumber  manufacturers,  notably  the  Southern  Pino 
Association  and  the  West  Coast  Lumbermen's  Association,  are  doing  much  toward  securing  a 
better  class  of  construction  in  timber.  "The  Southern  Pine  Manual"  of  the  Southern  Pine 
Association  and  the  "Structural  Timber  Handbook  of  Pacific  Coast  Woods"  of  the  West 
Coast  Lumbermen's  Association  are  excellent  aids  in  design,  and  should  be  in  the  hands  of  aU 
those  designing  and  constructing  in  timber. 

144.  Information  to  be  Given  by  a  Set  of  Plans. — Every  set  of  plans  of  a  timber  framed 
structure  should  fulfill  the  following  conditions:  (1)  It  should  give  such  information  that  the 
cost  of  the  work  may  be  accurately  computed ;  (2)  it  should  be  in  sufficient  detail  that  fev^ry 
stick  of  timber,  every  rod,  bolt,  or  other  piece  of  iron  or  steel  may  be  listed  and  ordered;  and 
(3)  every  important  detail  should  be  shown  so  that  the  carpenter  may  have  no  excuse  for  framing 
it  incorrectly.  The  lack  of  proper  details  on  a  plan  or  in  a  set  of  plans  is  many  times  due  to 
the  ignorance  of  the  designer  with  regard  to  timber  joints,  and  a  consequent  effort  to  shift  the 
responsibility  to  the  carpenter. 

In  a  steel  framed  building  an  engineer  usually  prepares  the  plans  and  specifications  of 
the  structural  features  of  the  building;  and,  in  most  cases,  the  engineer's  work  is  confined  to 
the  steel  frame  and  foundations.  The  structural  plans  thus  prepared  are  known  as  "contract 
plans  "  in  distinction  to  detail  plans  or  shop  drawings.  Floor  framing  plans,  sections  and  eleva- 
tions of  wall  framing  may  be  shown  with  details  of  important  connections  given.  But  ordinary 
connections,  as  of  I-bearas  framing  into  I-beams,  are  not  shown,  as  these  connections  are 
standardized  by  the  steel  companies.  In  total,  in  the  case  of  a  steel  framed  building,  a  set 
of  contract  plans  may  be  but  little  else  than  diagrammatic  sketches  with  sizes  of  members  and 
stresses  shown  in  other  members,  leaving  the  details  to  be  worked  out  in  the  shop  of  the  con- 
tractor securing  the  job,  subject  to  the  engineer's  or  architect's  approval. 

Turning  to  the  timber  framed  building,  one  sometimes  sees  plans  where  the  same  procedure 
has  been  attempted.  Such  a  method  cannot  be  satisfactory,  is  a  certain  source  of  trouble, 
and  may  be  disastrous.  Such  a  thing  as  shop  or  detail  plans  in  timber  framed  buildings  is 
practically  unknown.     Consequently,  the  contract  plans  in  this  case  should  be  complete 
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in  every  detail.  The  one  possible  exception  to  this  general  statement  is  in  the  case  of  the  iron 
and  steel  work.  If  the  designer  shows  the  sizes  of  rods,  bolts,  etc.,  with  typical  details  of  other 
steel  members,  as  bases,  castings,  etc.,  and  calls  for  detail  drawings  in  accordance  with  his 
plans  and  specifications  to  be  approved  by  him,  the  result  may  be  satisfactory.  Even  in  this 
case,  however,  the  chances  for  trouble  are  many.  The  iron  work  is  of  such  small  amount  that 
a  small  steel  shop  with  no  drafting  force  will  probably  furnish  the  material,  and  the  details  are 
likely  to  be  disappointing. 

The  writer  believes  that  time  and  money  are  eventually  saved,  and  annoyance  prevented, 
if  the  contract  plans  show  all  details  carefully  worked  out.  It  may  be  stated  that  no  important 
detail  be  left  to  the  discretion  of  the  carpenter.  With  all  due  respect  for  his  experience  ^d  care, 
he  seldom  understands  the  requirements  of  any  detail  but  the  simplest,  and  many  times  in  his 
endeavor  to  improve  on  a  detail  but  hazily  indicated  actually  weakens  the  structure. 

For  the  proper  presentation  of  the  work,  there  should  be  given  a  general  plan,  framing 
plans  of  roof  and  all  floors,  wall  elevations,  cross  sections  and  longitudinal  sections,  elevations  and 
sections  of  any  special  features,  and  details  of  all  connections  except  the  very  simplest.  These 
latter  may  be  covered  in  the  specifications.  It  is  obvious  that  the  exact  number  of  drawings 
must  depend  wholly  on  the  particular  building. 

145.  Scales. — Ordinarily,  the  general  plan  and  framing  plans  should  be  to  the  scale  of  ^ 
OT  yi  in,  to  the  foot.  In  many  cases,  the  larger  scale  will  be  necessary  in  order  to  bring  out  the 
diiTerent  parts  clearly.  Often,  too,  plans  of  special  features  may  well  be  made  to  an  even 
larger  scale,  say  }4  in.,  in  addition  to  the  general  plans  which  may  include  such  special  features. 
However,  the  general  plan  to  a  small  scale  should  always  be  made,  as  this  may  be  the  one 
place  where  all  parts  are  assembled  aa  a  whole,  anH  where  the  entire  structure  may  be  seen  at  a 
glance.     Elevations  and  sections  may  be  shown  to  a  J^  or  K-in.  scale. 

146.  Plans  Required. — ^Assume  the  case  of  a  timber  framed  building  of  the  mill  building 
type,  100  ft.  long  and  40  ft.  wide,  roof  trusses  spanning  from  wall  to  wall  supported  on  posts; 
corrugated  iron  waUs  and  roof,  and  floor  of  timber  construction  3  or  4  ft.  above  the  ground, 
supported  by  posts  resting  on  concrete  footings.  The  following  plans,  if  properly  drawn,  will, 
with  specifications,  show  the  work  completely* 

1.  Grading  plan  to  Mb-v^-  aoale. 

2.  Foundation  plan  to  H-in*  Bcale,  showing  size  and  location  of  all  piers  and  wall  footings,  with  details  of  the 
individual  footings  and  piers  to  >^  or  >^-in.  scale.  On  this  sheet  any  sewers,  water  or  other  pipes  may  be  shown, 
provided  that  such  pipes  and  connections  are  so  numerous  as  to  merit  a  special  plan. 

3.  Elevations  of  four  walls,  drawn  to  H-in.  scale,  showing  all  window  and  door  openings,  the  doors  and  windows 
being  lettered  or  numbered  to  correspond  with  detaib  of  same.  On  these  elevations  can  also  be  shown  any  other 
openings,  gutters,  downspouts,  any  ornamental  features,  etc. 

4.  Floor  framing  plan,  to  H-in.  scale,  showing  sizes  of  joists,  girders,  and  posts,  with  all  dimensions  and 
spacing  of  same. 

5.  Roof  framing  plan,  to  H-iQ*  scale,  showing  main  trusses,  bracing  trusses,  with  their  proper  letters  or  numbers, 
roof  ioists,  bracing  and  bridging. 

6.  General  roof  plan,  to  H-iA>  scale,  showing  roof  covering,  downspouts,  parapet  walls,  monitors,  roof  slopes, 
etc. 

7.  Wall  elevations,  to  yi-in.  scale,  showing  framing  of  wall,  poets,  girts,  studding  and  bracing. 

8.  Cross  section  of  building,  to  H'i^'  scale,  completely  detailed  as  to  roof  joists,  trusses,  columns,  and  floor 
construction. 

9.  Miscellaneous  details  to  H-ii^*  scale. 

10.  Details  of  all  steel  to  1-in.  scale. 

To  the  above,  if  completely  detailed  plans  are  to  be  made,  should  be  added: 

11.  Wall  elevations  to  H~in<  scale,  showing  number  and  size  of  corrugated  steel. 

12.  Material  lists. 

If  the  material  lists  are  made,  the  designer  may  feel  sure  that  his  plans  have  had  a  thorough 
checking.  There  is  no  better  check  on  the  accuracy  and  completeness  of  one's  work  than  a 
detailed  bill  of  materiats;  conversely,  one  can  never  feel  certain  that  all  parts  are  clearly  shown 
until  a  complete  bill  of  materials  has  been  taken  off. 

Drawings  should  never  leave  the  oflice  if  badly  out  of  scale.  This  is  a  general  statement 
applicable  to  all  construction;  it  holds  particularly  in  timber  construction,  as  the  carpenter 
is  almost  certain  to  scale  some  lengths  of  timbers. 
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A  general  and  comprehensive  note  should  be  placed  on  all  structural  drawings,  even  re- 
peating certain  important  clauses  in  the  specifications.  On  the  job  the  specifications  may  be 
lost;  the  plans  are  never  lost.  One  note  on  the  drawings  is  worth  two  clauses  in  the 
specifications. 


STRUCTURAL  STEEL  DETAILING 
By  Chas.  D.  Conklin,  Jb. 

The  material  in  this  chapter  will  deal  exclusively  with  the  work  of  that  part  of  the  drafting 
room  of  a  structural  steel  fabricating  concern  wherein  shop  detail  drawings  are  prepared.  The 
work  of  the  designing  and  estimating  departments  of  necessity  precedes  the  work  described  and 
illustrated  in  this  chapter.  Designing  methods  for  structural  steel  members  have  been  ade- 
quately covered,  both  from  theoretical  and  practical  points  of  view,  in  previous  chapters  and 
for  such,  the  reader  is  referred  thereto.  It  is  generally  understood  among  structural  engineers 
that  structural  steel  detailing  knowledge  can  best  be  acquired  by  actual  experience  in  the 
drafting  room  where  details  are  made.  In  fact,  among  our  best  detailers  may  be  classed  many 
of  those  who  have  entered  the  drawing  room  as  apprentices,  and  with  little  or  no  theoretical 
training,  have  acquired  their  ability  by  practice,  observation,  and  contact  with  experienced 
draftsmen,  templet  makers  and  shopmen.  The  following  description  and  illustrations  are 
given  with  the  thought  of  presenting  to  the  less  experienced  draftsmen,  some  practical  sugges- 
tions and  methods  that  may  be  of  value  to  them.  It  is  further  hoped  that  the  more  experienced 
may  find  herein  some  valuable  data.* 

147.  Drafting  Room  Organization  and  Procedure. — Shop  detail  drawings  are  the  working 
drawings  J)y  means  of  which  structural  steel  is  fabricated  in  the  shop.  They  form  the  medium 
by  which  the  architect's  or  engineer's  sketches  or  general  drawings  are  interpreted  to  the  fab- 
ricating shop,  in  order  that  the  latter  may  intelligently  and  quickly  manufacture  the  required 
product.  Structural  steel,  unlike  many  other  materials,  is  not  readily  worked  in  the  field  or  on 
the  job.  Hence  accurate  drawings,  showing  the  sizes  and  lengths  of  all  materials,  size  and  loca- 
tion of  all  holes  and  rivets,  all  cuts,  coping,  and  in  fact  every  detail  of  a  structure,  must  be  made 
from  which  the  shop  can  accurately  work.  A  complete  structure  must  be  divided  into  sections 
of  such  dimensions  that  they  can  be  readily  handled,  shipped,  and  erected  and  these  sections 
must  be  marked  with  identifying  marks,  called  erection  or  shipping  marks,  which  are  shown 
on  a  sketch  of  the  completed  structure  for  use  of  the  erector.  All  this  drafting  work  is  done 
under  the  direction  of  the  chief  draftsman,  who  has  entire  charge  of  the  drafting  room  and  should 
be  a  man  of  Unquestioned  and  practical  ability.  The  draftsmen  under  the  chief  are  usually 
divided  into  squads  of  from  six  to  eight  men,  who  are  under  the  direction  of  a  squad  chief. 
Those  under  the  squad  chief  may  be  divided  into  checkers,  draftsmen  and  tracers,  although 
sometimes  checkers  work  independent  of  squad  chiefs.  After  the  drawings  are  made  and 
checked,  final  bills  of  material  are  made  therefrom  for  purposes  of  determining  accurate  weights 
for  payment,  shipping,  etc.  Shop  lists  and  shipping  lists  are  also  made.  These  bills  are  pre- 
pared in  a  separate  department,  called  the  billing  department,  under  the  direction  of  a  chief 
bill  clerk. 

The  procedure  of  the  drafting  room  is  somewhat  as  follows :  Information,  including  sketches, 
design  sheets,  general  drawings,  surveys,  copy  of  estimate  and  other  miscellaneous  data  which 
have  been  worked  up  in  the  designing  and  estimating  department  is  handed  to  the  chief 
draftsman,  who  examines  same,  assigns  a  contract  number  to  the  job,  prepares  his  files  for  cor- 
respondence, etc.  and  assigns  work  to  squad  best  able  to  get  out  the  details.  The  squad  chief 
studies  the  work  thoroughly  and  in  detail,  so  that  he  has  in  mind  every  point  that  may  arise  in 
the  preparation  of  the  shop  detail  drawings.  He  usually  makes  a  preliminary  bill  of  material 
required  for  the  job,  so  that  the  material  can  be  ordered  from  the  mill  or  reserved  from  stock. 
In  preparing  this  preliminary  bill,  it  may  be  necessary  for  the  squad  chief  or  an  assistant  to 

'  For  more  elaborate  treatment  of  this  subject,  the  reader  is  referred  to  **  Structural  Steel  Drafting  and  Ele- 
mentary Design*'  by  Chas.  D.  Conklin,  Jr.,  published  by  John  Wiley  &  Sons. 
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acciirately  lay  out  to  large  scale  (say  3  in.  to  1  ft.)  any  details  which  cannot  be  determined  by 
inspection.  The  preliminary  bill  is  passed  on  to  the  stock  clerk,  who  reserves  from  stock  any 
dedred  material  and  hands  a  list  of  the  balance  to  the  purchasing  agent  to  be  purchased  from  mill 
This  is  in  the  form  of  a  requisition,  copies  of  which  together  with  copies  of  the  material  reserved 
from  stock,  are  handed  to  the  chief  draftsman  and  squad  chief.  The  squad  chief  then  appor- 
tions the  work  among  his  men,  according  to  their  ability  to  handle  it.  After  drawings  are  pre- 
pared, they  are  handed  to  the  checker,  who  goes  over  them  in  detail,  noting  any  corrections 
or  desired  changes.  Drawings  are  then  returned  to  draftsmen,  who  back  check  corrections 
or  changes,  make  them,  and  return  drawings  to  checker  for  approval.  Drawings  are  then 
sent  to  billing  department  for  billing,  and  are  then  blue  printed  for  the  shop. 

A  list  of  all  drawings  and  blue  prints  made  should  be  kept,  usually  on  printed  forms,  by  the 
squad  chief.  Extremely  complicated  drawings  may  be  made  in  pencil  on  detail  paper  and 
traced  in  ink  by  a  less  experienced  man.  The  more  usual  and  simpler  method,  however,  con- 
sists of  making  a  pencil  drawing  directly  on  the  dull  side  of  tracing  cloth  and  inking  it  in,  all 
work  being  done  by  the  same  draftsman.  It  is  very  common  now  to  have  drawings  made  on 
either  tracing  paper  or  a  specially  prepared  cloth,  in  pencil  only,  using  a  medium  pencil  and 
making  lines  very  heavy.  These  drawings  make  very  good  blue  prints,  and  effect  a  large  saving 
of  time.  Some  drafting  rooms  require  their  draftsmen  to  make  a  complete  bill  of  material  of 
the  work  detailed  on  a  sheet,  on  the  extreme  right  hand  side  of  the  same  sheet.  This  greatly 
simpUfies  the  work  of  the  billing  department. 

148.  Ordering  Material. — In  the  preparation  of  the  preliminary  order  of  material  from 
which  structural  shapes  and  plates  may  be  ordered  from  the  rolling  mill  or  reserved  from  stock, 
the  following  rules  may  be  used  as  they  represent  average  practice : 

1.  Order  main  material  first. 

2.  Beams  and  channels  should  be  so  ordered  that  a  variation  of  H  in.  in  length  either  way  will  not  affect  the 
detaiL     If  an  exact  length  is  desired,  so  state  in  order  and  an  extra  charge  may  be  made. 

3.  Beams  and  Channels. 

For  wall  bearing  beams,  and  foundation  beams,  order  neat  length. 

For  beams  framing  into  other  beams,  order  IH  in*  less  (to  the  nearest  }i  in.)  than  the  center  to  center 

distance. 
For  beams  framing  into  columns,  order  1  in.  less  (to  the  nearest  H  in)  than  the  metal  to  metal  distance. 
For  beams  framing  into  riveted  members,  order  1  in.  less  than  the  metal  to  metal  distance. 
Crane  runway  beams,  order  1  in.  less  than  the  distance  center  to  center  of  columns. 
ParUns,  order  1  in.  short  (to  nearest  H  in.)  of  distance  center  to  center  of  trusses. 

If  the  end  connections  on  beams  are  milled  after  riveting,  increase  thickness  of  connecting  angles  to  allow 
for  this. 

4.  Columns. 

Order  column  material  milled  one  end  M  in«  longer  than  figured  length.  % 
Order  column  material  milled  two  ends,  ^4  to  K  in.  longer  than  figured  length. 
Order  column  details  in  30-ft.  lengths  (base  angles,  cap  angles,  shelf  angles,  etc.). 
Order  lattice  bars  in  20-f  t.  lengths. 

5.  Root  Tnisses. 

Order  chord  angles  ^i  in.  long. 

For  web  angles,  lay  out  to  scale,  scale  the  length,  add  about  1)4  in.  and  multiple  to  30-ft. 
For  gusset  plates,  order  in  multiple  lengths  of  about  20  ft.,  arranging  for  as  little  waste  as  possible  if  comers 
are  sheared. 

6.  Plate  Girders. 

Use  an  even  inch  depth  of  web  plate  and  make  distance  back  to  back  of  angles  H  in.  greater. 

Order  web  plate  of  girder  not  milled  on  the  ends,  H  in.  shorter  than  overall  length.      If  milled  on  the  ends, 

order  H  in.  longer  than  overall  length  for  one  milled  end,  and  ^i  in.  for  two  milled  ends. 
Order  flange  angles  ^  in.  longer  than  overall  length. 
Order  full  length  cover  plates  ^  in.  longer  than  overall  length 
For  cover  plates  less  than  full  length,  order  the  neat  length. 
Mark  cover  plate  U.M.  (universal  mill  or  rolled  edges). 

Order  stiffener  angles  with  fillers  K  in.  longer  than  neat  distance  between  outstanding  legs  of  flange  hngjies. 
For  crimped  stiffener  angles,  order  length  equal  to  distance  back  to  back  ef  flange  angles  plus  1  in. 
For  heavy  fitted  stiffeners,  allow  H  in.  for  one  fitted  end  and  ^i  in.  for  two  fitted  ends. 
Order  fillers  under  stiffeners  K  in.  clear  of  flange  angles. 
For  diagonal  bracing  angles,  scale  length  and  add  IK  in. 
Miscellaneous. 
Plates  planed  top  or  bottom  should  be  ordered  K«  in.  thicker  than  finished  thickness,  for  each  planing. 


312  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  ^149 

Plates  having  diagonal  cuts  may  be  ordered  to  sketch  when  over  36  in.  wide  and  say  ^i  in.  thick, 
depending  somewhat  on  the  equipment  of  the  shop  for  which  material  is  ordered. 

Channels,  I-beams,  and  Z-bars  are  seldom  ordered  in  multiple  lengths. 

In  arranging  multiple  lengths  make  lengths  about  30  ft.  and  not  over  32  ft.  Allow  about  1  in.  more 
than  product  of  length  times  number  required.     Make  all  multiples  end  with  the  nearest  H  ii^« 

Order  plates  to  the  nearest  whole  inch  in  width.     Use  stock  sixes  when  possible. 

149,  Layouts — Riveted  Connections. — When  the  preliminary  bill  of  material  (for  ordering 
purposes)  has  been  completed,  the  next  logical  step  in  the  preparation  of  shop  details  consists 
of  designing  the  riveted  connections  and  making  layouts  of  difficult  points,  if  such  have  not 
already  been  made  for  ordering  purposes.  The  methods  of  designing  riveted  connections  have 
been  described  in  a  previous  chapter.  All  connections  should  be  carefully  investigated  so  that 
there  may  be  no  weak  links  in  an  otherwise  strong  structure.  Difficult  connections  should  be 
drawn  out  in  pencil  to  a  large  scale,  say  3  in.  to  1  ft.,  in  order  to  determine  clearances,  end  dis- 
tances, and  other  necessary  data  for  detailing.  These  layouts  are  sometimes  made  and  riveted 
connections  designed  by  squad  chiefs  although  often  such  are  left  to  the  detailer.  Layouts 
consume  much  time  and  should  not  be  made  unless  absolutely  necessary.  The  usual  scale  to 
which  shop  detail  drawings  are  made  is  ^^  in.  to  1  ft. ;  sometimes  1  in.  to  1  ft.  is  used.  In  such 
cases,  it  is  unnecessary  to  make  layouts  of  simple  truss  connections  or  other  diagonal  connec- 
tions of  similar  nature.  A  carefiil  draftsman  can  readily  determine  all  necessary  data  from  the 
shop  detail  drawing,  which  for  trusses  and  similar  work  should  be  made  accurately  to  scale. 
All  shop  details  should  be  drawn  to  scale  in  so  far  as  possible,  the  only  exception  to  this  being 
the  length  of  beam  sketches  which  may  be  distorted  to  save  space  and  time. 

Theoretically,  the  working  lines  or  skeleton  upon  which  a  truss  or  similar  structure  is  laid 
out,  should  be  the  gravity  Hues  of  the  members  composing  the  truss.  Practically,  however, 
for  light  roof  trusses,  tjje  rivet  Unes  are  used,  thus  much  simplifying  the  work  for  draftsman  and 
shop.  The  skeleton  diagram  for  the  truss  is  laid  out  first  to  scale  and  the  angles  or  other  truss 
members  are  drawn  around  the  skeleton  using  the  latter  as  the  rivet  lines  of  the  angles,  the 
proper  gages  (as  found  in  the  steel  handbook)  being  used.  For  heavy  trusses,  or  similar  struc- 
tures, in  order  to  avoid  excessive  moments  at  the  connections,  the  gravity  lines  should  be  used 
as  working  lines. 

160.  Shop  Detail  Drawings. — After  all  layouts  have  been  made  and  connections  designed, 
the  draftsman  proceeds  to  make  the  shop  detail  drawing  to  scales  as  indicated  below.  In  pre- 
paring shop  detail  drawings,  the  draftsman  might  well  keep  in  mind  the  following  rules,  which 
are  typical  of  modem  practice : 

Make  shop  details  to  scale  of  K  in-  to  1  ft.  or  1  in.  to  1  ft.  In  exceptional  cases,  H  or  IH  iQ-  to  1  ft.  may  be 
used. 

Use  care  in  placing  drawing  on  sheet  to  avoid  unnecessary  crowding  of  sketches  or  dimensions. 

Size  of  sheet  for  large  drawings  is  usually  24  X  36  in.  Small  sheets  may  be  used  for  detailing  beams,  channels, 
pins,  etc.  Printed  beam  and  channel  sheets,  with  outline  of  beams  and  channels  and  dimension  lines  printed  in 
black  ink,  save  considerable  time  in  this  type  of  detailing. 

Title  of  sheet  should  be  placed  in  lower  right-hand  corner. 

Detail  members  as  nearly  as  practicable  in  the  position  which  they  occupy  in  the  finished  structure.  Hori- 
sontal  members  should  be  detailed  lengthwise  and  vertical  members,  crosswise  on  the  sheet.  Inclined  members 
and  vertical  members,  such  as  columns,  may  be  detailed  lengthwise  on  the  sheet  in  which  case  the  lower  end  should 
be  placed  to  the  left. 

Show  elevations,  sections,  and  other  views  in  their  proper  positions.  Place  top  view  directly  above  and  bottom 
View  below  the  elevation.     The  bottom  view  is  always  drawn  as  a  horizontal  section  as  seen  from  above. 

For  member  symmetrical  about  a  center  line,  draw  only  the  left-hand  half  and  note  that  it  is  symmetrical  about 
the  center  line. 

Several  members,  when  similar,  but  slightly  different,  may  be  detailed  on  one  sketch,  the  difference  being  shown 
by  notes.  Make  such  notes  positive.  Do  not  use  the  word  "omit."  If  such  notes  become  cumbersome  and  lead 
to  ambiguity,  avoid  them  and  make  another  sketch. 

Eliminate  all  unnecessary  views  and  lines.  Show  just  enough  to  express  to  shop  what  is  intended.  A  shop 
detail  is  just  a  working  drawing  and  not  a  masterpiece  of  art.  Do  not  cross  hatch,  blacken  or  otherwise  elabor- 
ate a  shop  detail  unless  it  is  absolutely  necessary  to  make  the  drawing  clearly  understood. 

On  the  other  hand,  make  all  work  shown  clear  and  distinct  and  all  dimensions  in  large  figures  so  that  all  can  be 
easily  followed.  If  a  detail  is  worth  making,  it  is  worth  making  right  and  in  such  manner  that  shop  will  have  no 
difficulty  in  interpreting  it. 
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Make  the  pwri  repreaentinc  the  steel  work  detailed  of  heavy  black  lines.  Do  not  show  hidden  parts  unless 
necessary  for  elearness  and  then  show  these  parts  by  heavy  dotted  lines. 

In  detailing  members  which  connect  to  others,  the  latter  may  be  shown  in  red  lines,  in  order  to  illustrate  their 
relative  position.     Avoid  the  use  of  colored  inks  on  shop  drawings  except  in  this  case. 

Dimension  lines  and  rivet  lines  should  be  made  of  fine  black  lines,  full  and  not  dotted.  Dimensions  should  be 
placed  above  dimension  lines,  and  not  in  or  on  them.     Make  fractions  with  horisontal  dividing  lines. 

Holes  for  field  connections  should  be  blackened.  All  holes  in  a  group  should  bo  shown,  as  a  rule.  Rivet  heads 
of  shop  driven  rivets  shall  be  shown  only  when  necessary,  as  at  the  ends  of  members,  when  countersunk,  flattened, 
or  adjacent  to  field  connections.  Make  open  holes  smaller  in  diameter  (on  the  drawing)  than  the  circles  represent- 
ing shop  driven  rivets. 

When  part  of  one  member  to  be  detailed  is  the  same  as  another  already  detailed,  it  is  unnecessary  to  repeat 
dimensions,  etc.     It  is  only  necessary  to  refer  to  the  previous  sketch,  describing  the  parts  that  are  the  same. 

Main  dimensions,  such  as  story  heights,  center  to  center  distances,  etc.,  when  given  on  a  detailed  drawing,  are 
▼ery  helpful  to  a  checker.         / 

The  sise  and  length  of  material  should  be  given  close  to  the  part  which  it  represents,  in  clear,  neat  figures.  If 
placed  to  one  side,  an  arrowhead  should  indicate  material  referred  to. 

If  a  series  of  dimension  lines  are  given  adjacent  to  a  sketch,  largest  dimensions  should  be  given  farthest  from 
sketch,  and  small  dimensions  next  to  the  sketch.     Dimension  lines  should  be  drawn  from  ^i  to  ^  in.  apart. 

Refer  to  steel  handbook  or  Art.  121a  for  conventional  signs  for  rivets;  that  is,  for  method  of  representing,  on 
detail  drawings,  the  various  kinds  of  rivet  heads,  such  as  button  head,  countersunk  one  or  both  sides,  etc. 

The  usual  maximum  sizes  for  shipping  by  railway  in  one  freight  car  are  8  ft.  for  width,  10  ft.  for  height,  and 
80  to  40  ft.  for  length.  In  detailing  structures,  field  connections  should  be  placed  such  as  to  keep  the  member  shop 
rivets  within  the  above  sises.  In  exceptional  cases,  members  may  be  made  longer  than  the  above  and  shipped  on 
two  or  more  cars.  In  export  work,  structures  are  usually  shipped  knocked  down  (in  small  pieces)  to  facilitate 
shipping  by  boat. 

Each  piece  that  is  shipped  separately  should  have  an  erection  or  shipping  mark  which  shall  consist  of  capital 
letters  abd  numerab  or  numerals  only.  Do  not  use  small  letters  for  erection  marks.  Pieces  which  are  absolutely 
alike  may  have  the  same  erection  mark.     Trusses  are  usually  marked  T1-T2,  etc. ;  columns  C1-C2,  etc. 

For  purposes  of  assembUng  the  various  parts  of  one  member  in  the  shop,  assembling  marks  should  be  used  for 
each  plate  or  shape.  These  shall  consist  of  small  letters  and  numerals.  No  capital  letters  should  be  used.  One 
sjrstem  of  assembling  marks  in  common  use  is  given  below. 

Members  which  are  absolutely  similar  but  opposites  are  called  rights  and  lefts.  The  member  detailed  in  such 
cases  is  called  the  right-hand  piece  and  the  opposite  one,  the  left-hand  piece.  The  erection  mark  of  the  former 
is  followed  by  a  large  R  and  the  erection  mark  of  the  latter  by  a  large  L. 

.  The  number  of  members  required  should  be  distinctly  stated  on  a  drawing.       In  a  list  giving  the  required  num- 
ber of  members,  write  the  word  "one"  out. 

Parts  of  members  which  must  be  shipped  bolted  so  that  they  can  be  taken  off  during  the  erection  should  be 
marked  "  Bolt  for  shipment." 

The  size  of  rivets,  open  holes,  nature  of  shop  paint,  and  other  notes  should  be  specified  near  the  lower  right- 
hand  comer  of  each  sheet. 

For  title,  main  dimensions,  and  shipping  or  erection  'marks,  letter  in  heavy  type.  Use  plain  lettering,  medium 
type,  for  other  data. 

Usual  size  of  rivets  for  building  work  is  ^  in.  in  diameter.     Other  sises  may  be  iised  in  exceptional  cases. 

In  writing  shop  bills,  main  material  should  be  billed  first,  followed  by  smaller  pieces.  Begin  at  the  left  end  of 
a  girder  or  truss  and  at  the  bottom  of  a  column.  Do  not  bill  all  angles  and  then  all  plates;  group  the  material  to- 
gether that  is  assembled  together.  In  case  of  a  column  containing  brackets,  bill  each  different  bracket  complete 
by  itself.  The  shop  bill  is  used  as  a  guide  in  laying  out  and  assembling  the  member  in  the  shop  as  well  as  list  of 
material  required,  and  should  be  made  accordingly.  Members  radically  different  should  be  billed  separately  an  d 
not  bunched  together. 

Use  standard  beam  connections  for  connecting  beams  to  beams,  as  indicated  in  steel  handbook  or  Art.  129a 
except  in  special  cases.     Watch  the  limiting  values  of  such  connections  to  see  that  they  are  not  exceeded. 

In  beam  details,  it  is  usual  to  make  the  distance  center  to  center  of  end  connection  holes  5>i  in.     In  a  beam' 
detail  showing  the  elevation  of  the  web  of  a  beam,  it  is  usually  understood  that  the  horizontal  distance  center  to 
center  of  lines  of  holes,  when  this  distance  is  not  given  on  drawing,  is  5>^  in.  and  the  vertical  distance  between  holes* 
when  not  given,  is  2K  in- 
Most  structural  steel  shops  have  numerous  standard  details  whicJh  should  be  followed  when  possible. 

Avoid  unnecessary  countersunk  rivets,  as  they  are  very  costly.  Use  the  least  possible  number  of  such  in  the 
bases  of  columns. 

Steel  handbooks  give  standard  gages  (distances  center  to  center  of  lines  of  holes  for  flanges  of  beams  and 
columns  or  distances  from  back  of  angle  to  lines  of  holes  for  angles)  for  beams,  columns,  and  angles  and  these  gages 
should  be  used  when  possible. 

Rivets  should  be  so  spaced  that  they  can  be  readily  driven  in  a  shop  or  field  as  may  be  necessary.  Proper 
clearances  and  spacing  can  be  obtained  from  the  steel  handbook. 

Holes  for  anchor  bolts  are  usually  >4  to  He  in.  larger  than  the  size  of  the  bolts,  to  allow  for  discrepancies  in 
setting  bolt. 

The  usual  minimum  shop  clearance  between  diagonal  steel  members  and  chords,  as  in  truss  work,  is  >«  in. 
filled  clearance,  minimum,  in  such  cases,  should  be  >^  in.     A  beam  framing  to  other  steel  members  by  means  of 
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connection  angles  should  have  an  overall  length  H  in-  less  than  the  figured  distance  between  surfaces  against  wiiioh 
beam  frames. 

When  one  beam  frames  into  another  with  flanges  at  the  same  elevation,  the  flange  of  the  former  must  be  cut 
out  or  "coped"  to  fit  against  the  flange  of  the  latter.  It  is  not  customary  to  dimension  a  cope  on  a  detailed  draw- 
ing, but  merely  to  call  for  the  sise  of  beam  to  which  one  detailed  must  be  coped  (see  tjrpical  beam  details).  The  shop 
does  the  rest  in  such  cases. 

An  erection  diagram,  usually  a  line  diagram  of  the  completed  structure,  should  be  made  with  the  erection  or 
shipping  marks  thereon,  to  enable  the  erector  to  easily  assemble  the  work  in  the  field. 

Lettering  should  be  simple,  straight  line  Gothic  style,  preferably  inclined  although  vertical  lettering  is  fre- 
quently used.     Drawings  should  be  neat  and  clear  so  as  to  inspire  confidence  in  their  accuracy. 

Dimensions  given  on  a  column,  when  not  otherwise  shown,  are  measured  from  the  top  of  the  base  plate  to  the 
point  indicated. 

Wherever  a  note  on  a  drawing  will  help  the  erector,  by  all  means  use  it.  It  is  quite  common  to  place  a  mark 
on  a  member  showing  the  position  of  one  end  of  the  member  in  the  finished  structure  so  that  the  erector  will  erect 
the  member  as  intended. 

161.  Assembling  Marks. — The  system  of  assembling  marks  which  follows  is  in  very  com- 
mon use.    It  has  been  used  in  the  t3rpical  details  at  the  end  of  the  chapter. 

Shop  Assembling  Marks 

Typical  letter  Where  used 

a For  base  and  cap  angles  on  columns. 

b For  bottom  seat  angles  supporting  beams  and  girders,  connecting  to  columns  or  girders. 

c For  base  plates,  cap  plates,  and  splice  plates. 

d For  fillers  with  two  or  more  lines  of  holes. 

/ For  fillers  with  single  line  of  holes. 

0 For  gusset  plates  on  columns  or  trusses. 

h For  all  bent  angles  and  plates. 

k For  stifiFener  angles  fitted  at  one  end  only,  such  as  angles  under  beam  seats  or  at  e<4amn  bases. 

m For  miscellaneous  angles  and  shapes  not  covered  by  the  above. 

n For  miscellaneous  plates  not  covered  by  the  above;  also  tie  plates. 

p For  pin  plates. 

9 For  stiff ener  angles  fitted  at  both  ends. 

I For  top  connection  angles  tying  beams  or  girders  to  columns. 

• For  purUn  clips. 

to For  web  members  of  trusses,  laterals  in  girders  or  angles  in  cross  frames  unless  such  material 

is  shipped  loose  without  being  connected  to  any  other  part. 
V For  lattice  bars. 

Material  that  appears  on  two  or  more  sheets  shall  be  identified  as  standard  pieces.  Stand- 
ard pieces  will  be  identified  by  the  typical  letter  given  under  shop  assembling  marks  and  a 
figure,  followed  by  the  letter  "x."  The  letter  '*a;"  indicates  that  the  pieces  are  standard.  For 
example,  a  series  of  standard  stiffener  angles,  fitted  at  one  end  only  will  be  given  as  "klx,** 
"A;2x, "  etc.,  the  letter  k  indicating  a  stiffener  angle  fitted  at  one  end  only,  the  numerals  1,  2, 
etc.,  being  the  identifying  marks,  and  the  letter  x  making  them  standard  pieces. 

For  all  standard  pieces  on  an  order,  a  summary  shall  be  prepared.  This  summary  must 
give  the  number  of  pieces,  size,  length,  mark,  and  the  sheet  number  on  which  the  piece  is  first 
detailed.  All  pieces  having  the  same  typical  letter  shall  be  grouped  together  as  far  as  possible 
in  the  summary,  the  numbers  to  follow  each  other  consecutively.  Summary  sheets  shall  be 
numbered  consecutively  .X^l  —  J5r2,  etc.  Summary  of  standard  pieces  shall  be  made  for  each 
tier  or  shipment. 

Pieces  not  standard  are  pieces  that  occur  only  on  one  sheet.  They  will  be  identified  by  the 
typical  letter  given  under  the  shop  assembling  marks  followed  by  a  small  letter  and  the  sheet 
number.  For  example,  an  odd  seat  angle  shown  on  sheet  number  1  is  marked  *'6al."  The 
numeral  "1, "  giving  the  sheet  number,  should  not  be  given  on  the  drawing;  it  should  only  be 
given  in  the  marking  column  provided  in  the  shop  bill.  Hence  the  angle  "  6ol "  would  appear  on 
the  drawing  as  '*6a"  and  in  the  shop  bill  as  "6ol".  Additional  seat  angles  on  the  same  sheet 
would  be  marked  **661 "   '6cl, "  etc.     No  summary  is  made  for  pieces  not  standard. 

All  material  shipped  loose  shall  have  a  shipping  mark. 

The  material  ordered  from  the  rolling  mill  must  be  so  noted  in  the  last  column  of  the  shop 
bill. 

162.  Typical  Detail  Drawings. — Figs.  266  to  271  inclusive  are  here  presented  as  being 
typical  shop  detail  drawings  of  members  most  frequently  met  with  in  building  construction. 
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Simple  members  were  selected  for  these  illustrations  because  of  their  simplicity  but  the  methods 
of  laying  out  and  arrangement  of  sketches  and  dimensions  might  be  studied  to  advantage  and 
applied  to  more  complicated  structures.  These  methods  are  typical  of  modem  practice  and  are 
easily  and  quickly  applied  and  readily  understood  by  shop  workmen. 

Figs.  266  and  267  give  typical  beam  details.  Where  horizontal  distance  between  holes  is 
omitted,  distance  center  to  center  is  understood  to  be  5}i  in.  When  vertical  distance  between 
holes  is  omitted,  such  distance  center  to  center  is  understood  to  be  2  J^  in.  These  beam  sketches 
are  taken  from  The  American  Bridge  Company's  standard  and  are  typical  of  current  practice. 
In  general  detailing,  which  might  be  used  by  any  shop,  it  is  better  to  provide  the  omitted  dimen- 
sions, size  of  angles,  etc.  on  the  drawing. 

Figs.  268  and  269  show  shop  detail  drawings  of  Bethlehem  H  and  built-up  mill  building 
columns.  Fig.  270  is  a  shop  detail  drawing  of  modem  roof  tmsses,  and  Fig.  271  of  a  building 
plate  girder.  Figs.  266,  267,  and  270  have  been  taken  from  Conklin's  "Structural  Steel  Draft- 
ing and  Elementary  Design." 

The  details  shown  in  Fig.  270  are  those  for  a  series  of  steel  roof  trusses  for  a  building  roof, 
the  complete  connections  for  purlins,  struts,  and  bracing  being  shown.  Trusses  of  this  type 
and  size  are  usually  shipped  in  halves,  the  hanger  at  center  and  center  bottom  chord  being 
shipped  loose.    Note  the  open  holes  to  provide  for  this. 


CONCRETE  DETAILING 
By  Walter  W.  Clipford 

Concrete  detailing,  as  a  branch  of  stmctural  drafting,  is  young,  and  pitifully  weak  as  com- 
pared with  steel  detailing.  This  is  particularly  unfortunate,  as  the  grade  of  labor  used  on  con- 
crete and  reinforcement  is  usually  less  skilled  than  that  used  on  steel.  Up  to  the  present  time, 
credit  for  the  success  of  much  concrete  constmction  has  belonged  more  to  the  superintendent  or 
foreman  of  construction  than  to  the  architects  or  engineers  who  designed  the  work. 

In  concrete  detailing,  two  things  must  be  considered:  (1)  the  outlines  of  concrete  which 
give  necessary  information  for  the  forms,  and  (2)  reinforcement  details  used  in  the  bending 
shed  to  get  out  steel,  and  on  the  floor  to  place  it. 

158.  Otitlines.-r^3utlines,  or  outside  dimensions  of  concrete,  are  invariably  given  by  the 
architect  or  engineer  designing  the  work.  For  this  part  of  concrete  detailing  the  common  rules 
of  drafting  usually  suflBce.  •  In  general,  outlines  and  reinforcement  can  be  taken  care  of  on  the 
same  drawing.  But  where  the  outUnes  are  very  complicated,  separate  outline  and  reinforce- 
ment drawings  avoid  confusion  and  save  time  in  the  drafting  room  as  well  as  in  the  field.  Com- 
mon cases  of  this  kind  are  wells  and  pits,  and  complicated  floors.  Far  wells  and  pits  "outline 
drawings"  are  made  giving  all  information  for  forms,  and  then  in  making  the  reinforcement 
drawings,  the  outlines  as  represented  by  forms  being  defined,  reinforcement  is  located  from  them. 
In  the  case  of  floors,  so-called  "surface  plans  "  are  often  made.  Upon  these  plans,  together  with 
necessary  sections,  openings  and  pedestals  are  located  and  dimensioned;  surface  slope,  if  any, 
is  shown;  and  beams  are  marked,  sized,  and  located.  In  a  few  cases  floors  have  been  so  ex- 
tremely complicated  that  it  was  found  advisable  to  add  to  surface  and  reinforcement  plans,  a 
machine  bolt  location  plan. 

154.  Dimensions. — In  dimensioning  similar  members,  such  as  beams  or  columns,  a  logical 
and  consistent  location  of  dimensions  will  simpUfy  both  office  and  field  work.  On  beam  details, 
for  example,  give  the  locations  of  intersecting  beams  in  a  line  of  dimensions  above  the  elevation ; 
the  clear  span  and  support  width  in  the  first  line  of  dimension  below  the  elevation;  and 
the  span  center  to  center  of  supports  below  this  (see  Fig.  279,  p.  325).  Give  stirrup  spacing 
near  the  center  of  the  elevation;  list  the  cambered  or  bent  steel  just  below  right  end;  the 
straight  steel  below  the  left  end;  stirrups  and  spacers  under  the  center  of  the  beam,  etc.  Con- 
sistency of  this  kind  is  essential  for  good  details.  The  location  of  the  information,  so  long  as  it 
is  clearly  given  is  of  less  importance  than  the  consistency  in  placing  it  in  a  given  location. 
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165.  Framing  Plans. — Where  there  is  no  surface  plan,  framing  plans  are  usually  combined 
with  slab  reinforcing  plans.  Framing  plans  should  show  clearly :  all  column  center  lines,  loca- 
tion of  all  beams,  size  of  all  beams  (in  case  of  sloping  floor  surface,  note  grade  from  which  beam 
depth  is  given),  beam  marks,  column  marks,  and  preferably  the  sizes  of  the  columns,  below  the 
floor.  Concrete  beams  are  shown  to  scale  on  K-in*  scale  plans  and  as  a  single  heavy  line  on  }^- 
in.  scale  plans.  Steel  beams  supporting  concrete  slabs  are  well  shown  by  a  very  heavy  dai^ 
line. 

Beam  and  column  marks  are  of  considerable  importance.  The  common  custom,  of 
numbering  them  in  sequence  is  open  to  objections.  In  the  course  of  the  changes  which  most 
plans  undergo,  No.  92  is  likely  to  land  between  Nos.  5  and  6  and  it  is  then  difficult  to  locate. 
The  coSrdinate  system  while  it  seems  complicated  at  first,  is  really  simple  and  easy  to  learn. 
In  this  system  column  lines  vertical  on  the  plan  are  lettered  and  horizontal  lines  are  numbered. 
Beams  can  then  be  marked  with  the  mark  of  the  colimin  at  the  lower  left-hand  comer  of  the 
bay  in  which  they  occur  together  with  H  for  horizontal  on  the  plan,  or  V  for  vertical.  Fig.  272 
illustrates  this  system.  Intermediate  beams  may  be  designated  by  primes.  Typical  beams 
which  repeat  a  number  of  times  may  have  single  numbers — odd  for  horizontal,  and  even  for 
vertical  beams  on  the  plan — in  place  of  location  marks.  The  floor  number  may  precede  the 
mark.    With  this  system  any  member  added  during  the  making  of  the  drawings  has  a  mark 

ready  for  it  and  cross  reference  between  framing  plans  and  details 
is  greatly  facilitated. 

Floor  grades  and  references  to  the  sheets  on  which  details  will 
be  found  are  useful  additions  to  framing  plans. 

156.  Reinforcement  Details  of  the  Architect — There  are  two 
kinds  of  reinforcement  details,  those  of  the  architect  and  those 
of  the  engineer  or  contractor.  The  architect  is  necessarily  in- 
terested only  in  giving  the  information  essential  for  canying  out 
his  design,  while  the  engineer  has  to  give  complete  informati(Hi 
for  the  bending  shop.  The  information  which  the  architectural 
office  must  give,  is  in  general:  size  and  location  of  all  main  rein- 
forcement together  with  the  angle  and  location  of  all  cambers  and 
bends;  also  the  size,  shape  and  location  or  spacing  of  auxiliary 
rods  such  as  stirrups,  hoops,  and  spacers-  The  architect  must  remember  that  if  he  is  to 
justify  himself  as  a  designer  of  his  work  he  must  at  least  give  such  information  that  details 
can  be  made  in  only  one  way  and  then  he  must  check  bending  details  to  see  that  they  are 
properly  made. 

Some  of  the  necessary  information  can  be  covered  by  notes  such  as: 

All  main  slab  steel  shall  be  centered  ^  in.  above  the  forma  for  bottom  steel  and  f^  in.  below  the  rough  slab  pade 
for  top  stceL 

The  lower  layer  of  beara  steel  shall  be  centered  2  in.  above  the  forms  in  all  beams  and  3  in.  in  all  girders.  The 
top  layer  of  negative  reinforcement  shall  be  centered  2  in.  below  the  rough  slab  grade  for  all  beams  and  3  in.  for  all 
girders. 

Chairs  or  supports  for  reinforcement  may  be  covered  by  note  or  in  specifications  in  the 
following  manner: 

Chairs  of  an  approved  type  shall  be  used  to  support  all  slab  steeL  At  least  one  chair  shall  be  used  for  each  15 
sq.  ft.  of  floor. 

167,  Reinforcement  Details  of  the  Engineer  or  Contractor. — Detailing  by  the  contractor 
is  analogous  to  steel  shop  drawing.  Assembly  drawings  should  be  made  on  which  each  piece 
is  given  a  mark,  with  the  place  it  is  to  occupy  in  the  form  definitely  indicated.  Complete 
schedules  should  also  be  given  with  bending  diagrams.  A  number  of  engineers,  whose  busi- 
ness arrangements  with  clients  permit  it,  detail  the  concrete  fully  and  schedule  the  reinforce- 
ment. This  is  the  most  satisfactory  method,  for  the  designer  of  concrete  should  be  entirely 
responsible  for  the  details.  Details  of  various  parts  of  concrete  construction  will  now  be  con- 
sidered somewhat  from  the  viewpoint  of  the  contractor  or  the  fortunate  engineer  able  to 
detail  his  own  work. 
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Fig.  273. 


Pig.  274. 


Fia.  276. 


168.  Scale  and  Conventions. — Scale  for  concrete  details  is  quite  commonly  H  in.  =>  1  ft., 
and  this  is  satisfactory  for  most  work.  Sections  may  be  indicated  by  shading  on  the  back 
of  the  tracing  with  a  soft  pencil.  This  is  quicker  than  the  conventional  symbol  and  at  least  as 
effective.  Full  heavy  lines  are  used  for  reinforcement  in  the  details  given  in  this  chapter, 
and  this  is  most  satisfactory  on  drawings.  The  distinction  between  the  rods  and  the  outline 
of  the  concrete  is  in  the  weight  of  the  line.  Dash  lines  as  sometimes  used  are  slower  to  draw  and 
often  lead  to  confusion  where  rods  cross  at  angles. 

It  should  be  borne  in  mind  that  concrete  reinforcement  details  are  largely  diagrams. 
dear  indication  of  the  way  rods  are  to  go, 
is  vastly  more  important  than  true  ortho-    ^s= 
graphic  projection.     For  example,  the  rods    *^ 
shown  over  a  beam  support  in  actual  pro- 
jection in  Fig.  273  may  be  in  diagram  as 
shown  in  Fig.  274  or  as  shown  in  Fig.  275. 

They  should  be  diagrammed  correctly  as  shown  in  one  of  the  later  views.  The  cross  section 
will  indicate  that  they  are  at  the  same  elevation,  and  proper  scheduling  will  bring  them  there. 
159.  Slabs  and  Walls. — Slabs  and  walls  are  similar  in  detail  and  vary  only  in  position. 
They  have  in  general  main  reinforcement  perpendicular  to  a  system  of  beams,  and  spacers  at 
right  angles  to  the  main  rods.  The  main  steel  may  be  cambered  to  give  negative  reinforcement, 
or  the  so-called  loose-rod  system  of  separate  bars  to  take  care  of  negative  moment  may  be  used. 
In  walls,  vertical  rods  are  placed  outside  (nearer  the  face)  wherever  possible.     This  is  better  for 

concrete  placing. 
1  169a. 

Listing. — Steel  in 
plan,  or  elevation  if  in 
walls,  is  best  indicated 
by  considering  bands 
consisting  of  rows  of 
evenly  spaced  identi- 
cal bars.  The  outside 
bars  of  the  band  are 
shown  and  the  band 
listed  as  s^own  in  Fig. 
276. 

In  architectural 
detailing  the  bands 
may  be  similarly 
shown  and  listed 
sunply  ''H  <t>  6"c.  to 


c. 


» 


Pig.  276.— Slab  detail 


A  diagram  of  two 
adjacent  rods  will  be 
noted  in  Fig.  276  in 
the  center  of  the  bays. 
This  is  often  an  ad- 
vantage in  working  out  the  detail  and  may  save  separate  sections  to  a  large  extent. 

To  differentiate  clearly  between  steel  in  top  and  bottom  or  far  and  near  side,  a  method 
successfully  used  is  to  add  to  the  listing  /.«.  or  t,s,  thus  "29-5^"  0-A42-6"  c.  to  c.-t.s."  Then 
use  as  a  general  note:  "AH  rods  marked  t.s.  are  in  the  top  of  the  slab,  all  other  rods  are  bottom 
or  cambered  steel "  or  "  All  rods  marked  /.«.  are  in  the  far  side,  all  other  rods  are  in  the  near  side." 
In  listing  bands,  the  number  of  rods,  type,  and  spacing  are  obviously  needed  for  setting 
the  steel  on  the  floors.  The  size  should  also  be  given  because  rods  are  ordinarily  stored  by  sizes 
on  the  job,  and  this  information  is,  therefore,  helpful  in  finding  them.  Schedules  are  ordi- 
narily not  used  in  setting,  and  if  used,  cross  reference  between  plan  and  schedule  is  a  nuisance. 
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16flt>.  Spacers. — Spacers  are  very  commoDly  H-m.  rounds,  2  tt.  on  centere,  for 
ordinary  slabs.     In  walls  a  size  smaller  than  the  main  reinforcement  is  commonly  used  with  a 

3  ft.  They  are  ordinarily 
.  on  the  floor.  They  may 
The  larger  spacers  (^  or 


n  of  ^  in.  and  a  minimum  of  %  in.,  and  with  spacing 

tandom  length  for  the  smaller  rods,  scheduled  as  total  lengtli  and  cu' 

be  covered  by  a  note,  or  indicated  in  the  diagram  (see  Fig.  276). 

M  in.)  are  best  listed  and  typed  in  bands  like  main  reinforcement. 

lS9c.  Rod  Spacing.^Rod  spacing  in  slabs  is  limited 


a  the  Joint  Committee's 
report  to   2}i   times  the 

-  slab  thickness  and  the 
minimum  should  be  as  in 
beams.  Common  prac- 
tice for  ordinary  work  is 
1  to  IH  timra  the  slab 
thickness. 

lS9d.  Sec 
tlons. — In  addition  to 
slab  plaos  and  wall  eleva- 
tions, Bufhcient  sections 
must  be  given  to  clearly 
indicate   the   location    of 

-  all  steel  (see  Fig.  277). 

IGSe.  FUt 
^  Slabs.— Flat    slab     con- 
Pia   277  —Wall  druil  struction  is  detailed  like 

other  slabs,  except  that 
typical  hands  may  well  be  listed  "Band  A,"  etc.,  the  schedule  indicating  the  makeup  of 
the  various  bands  This  is  sometimes  possible  with  beam-and-elab  construction.  The 
S.  M.  I.  flat-alab  system  makes  use  of  units  of  spider  type  over  columns  and  in  the  center  of 
bays.  On  reinforcement  plans  of  this  system  each  unit  is  completely  shown' once  and  else- 
where simply  a  circle  is  shown  (the  outside  ring)  and  marked  "Unit  C,"  etc.  Where  separate 
unita  are  used  for  positive  and  negative  reinforcement,  different  weights  of  lines  may  be  used 
for  top  and  bottom  steel     This  helps  greatly  in  the  clearness  of  the  drawings. 


EBAIV 

BeamnkHh-15'  ~    Cambtn-^' 
Fio.  27a. 

160,  Beams. — A  typical  beam  detail  from  an  architectural  office  ia  shown  in  Fig.  278, 
The  same  beam  is  fully  detailed  in  Fig.  279.  The  best  practice  ia  to  detail  beams  and  columns 
as  separate  units  or  members,  aa  is  done  in  steel  detailinj!.  This  is  preferable  to  covering  them 
by  various  and  sundry  sections  through  the  floor.  Some  conventions  arc  used.  The  dash 
line  is  used  in  the  section  to  indicate  cambere  in  elevation ;  in  the  elevation  it  is  used  to  indicate 
rods  belonging  to  another  detail.  A  somewhat  lighter  line  is  used  for  stirrups  than  for  main 
steel.  The  open  circle  at  the  top  of  the  camber  is  used  for  a  horizontal  rod  in  elevation  while 
the  solid  circle  is  used  for  the  rods  cut  by  the  section. 
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160a.  Rod  Spacing. — Rod  spacing  in  beams  is  discussed  from  the  theoretical 
point  of  view  in  Sect.  1,  Art.  63A.  In  addition  to  this  the  detailer  should  know  that  the  clear 
distance  between  rods  should  be  not  less  than  twice  the  largest  aggregate  size.  Rods  are  often 
used  in  two  layers,  very  seldom  more  than  two.  Layers  of  beam  rods  are  usually  separated 
1  in.  by  short  spacer  bars.  The  distance  between  these  spacers  depends  on  the  size  of  the  main 
steel.  Fifty  times  the  diameter  of  the  main  steel  is  reasonable.  There  should  be  at  least  two 
spacers  under  each  rod  of  the  top  layer. 

1606.  Connections. — The  intersection  of  beam,  girder,  and  column  steel  over 
the  column  head  must  be  carefully  studied.     With  a  beam  centered  on  a  column,  careless 


Fig.  279. 


(/260/ 


B 


ftft- 


detailing  often  has  a  rod  in  the  center  of  the  column  and  one  in  the  center  of  the  beam.  Small 
rods  m  in.  or  less)  are  easily  offset,  but  this  is  not  the  case  with  larger  rods.  Beam  and  girder 
intersections  must  also  be  detailed  with  care  to  see  that  interference  is  not  caused  by  rods  at 
the  same  grade. 

160c.  Inflection  Points. — Certain  parts  of  concrete  theory  are  particularly  the 
province  of  the  detailer.  He  should  be  familiar  with  the  use  of  reinforcement  to  take  tension 
and  know  which  is  the  tension  side  of  beams  in  all  cases — as  well  as  in  slabs  and  walls.  He 
should  also  have  a  general  idea,  at  least,  of  the  location  of  inflection  points.  See  ''Restrained 
and  Continuous  Beams,"  Sect.  1. 

160d.  Stirrups. — Shear  and  stirrups  are  also  very  much  the  province  of  the 
detailer.  He  should  know  the  variation  of  shear 
with  uniform  and  concentrated  loads  (see 
"Shears  and  Moments,"  Sect.  1,  and  "Re- 
strained and  Continuous  Beams,"  Sect.  1).  He 
should  be  familiar  with  the  method  of  determin- 
ing stirrup  spacing  (see  "Reinforced  Concrete 
Beams  and  Slabs,"  Sect.  2).  In  addition  to 
theoretical  consideration  the  following  practical 
points  are  useful:  It  is  good  practice  to  place 
stirrups  4  or  6  in.  from  the  face  of  all  intersect- 
ing beams.  The  first  stirrup  is  located  by 
many  engineers  about  M  to  J^  of  the  depth  of 
the  beam  from  the  face  of  the  support,  diagonal  tension  cracks  almost  never  starting  at  the 
support.  In  very  wide  beams  where  stirrups  of  more  than  four  legs  would  be  needed  it  is 
better  from  a  practical  standpoint  to  use  several  U's  or  W's  as  shown  in  Fig.  280.  Rods  larger 
than  ^  in.  should  not  be  used  as  stirrups,  unless  absolutely  necessary,  on  account  of  the 
difficiilt3»  of  bending. 

160e.  Bond. — Bond  is  seldom  an  important  item  in  beam  and  slab  desi^^. 
Most  properly  designed  beam  reinforcement  is  sufficient  for  bond.  In  beams  continuous 
over  supports,  part  of  the  main  reinforcement  is  usually  cambered.  The  balance  is  continued 
across  the  support  as  compression  steel  in  T-beams,  and  this  use  determines  the  lap  rather  than 
bond    (see  right-hand  support.  Fig.  279).     At  end  supports,  straight  steel  is  often  hooked. 
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It  is  good  practice  to  hook  the  ends  of  tension  rods  at  all  end  supports.    The  ends  of  stirrups 
usually  need  hooks  for  bond  and  it  is  good  practice  to  book  all  of  them. 

161.  Columns. — Columns  can,  if  shnple,  be  covered  by  a  column  schedule  of  the  tyi)e' 
shown  in  Fig.  281.  The  rod  schedule  and  a  few  notes  will  complete  the  necessary  information. 
In  the  architectural  type  of  detailing,  main  steel  may  be  listed  as  long  rods  and  short  rodsj  and 
notes  added  such  as  "Short  rods  shall  be  6  in.  shorter  than  the  distance  floor  to  floor,"  "Long 
rods  shall  be  60  diameters  longer  than  the  distance  floor  to  floor,"  "All  columns  are  to  be 
concentric,  except  those  on  the  A,  C,  1,  and  10  lines,  which  are  to  be  flush  on  the  outside 
face  or  faces."  In  the  case  of  columns  having  complications  such  as  brackets,  an  elevation 
should  be  drawn  similar  to  beam  elevations  and  the  necessary  sections  added. 
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ISlo.  Rod  Spacing. — The  rod  spacing  of  the  main  rods  usually  takes  care  of 
itself  with  standard  percentages  of  steel  and  commercial  rod  sizes.  The  maximum  spacing 
of  vertical  rods  allowed  by  good  practice  is  about  10  or  12  in.  In  the  case  of  large  columns 
with  high  percentages  of  steel  it  is  diflficult  to  get  all  that  are  required  in  one  band.  The  largest 
rod  easily  available  in  most  localities  is  lj»i  in.  In  large  columns  these  should  be  spaced  at 
least  6  in.  apart,  and  where  spiral  hooping  is  used  at  least  8  in.  Where  too  many  rods  are 
required  for  this  spacing,  two  rows  of  rods  should  be  used  or  some  of  the  rods  should  be  placed 
in  the  form  of  a  cross  inside  the  core.  Hoops  are  limited  b}"^  the  Joint  Committee's  report  to  a 
maximum  spacing  of  12  in.,  or  16  times  the  diameter  of  the  longitudinal  bars.  Light  rods  suf- 
fice for  this  hooping,  }^to  }i  in.  being  the  common  sizes;  ^-in.  round  the  most  used. 
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1616.  Spiral  Hooping. — Spiral  hooping  for  columns  is  expressed  in  percentage 
of  volume  of  hooping  to  volume  of  core  per  unit  of  length.  The  design  of  hooping  is  discussed 
in  Arts.  85  and  96. 

Hooping  has  great  possibility  of  irregularity  when  the  core  is  of  large  diameter.  In  oixier 
to  ship  flat,  two  vertical  ties  only  are  used,  and  this  leads  to  deformation  in  handling.  One- 
inch  cover  may  do  on  12  to  16-in.  columns  but  on  3-ft.  cores  or  larger  at  least  3  in.  of  cover 
should  be  allowed  and  preferably  4  in.,  irrespective  of  fire  risk. 

161c.  Splices. — Horizontal  joints  in  columns  ordinarily  occur  at  the  bottom  of 
the  deepest  girder,  at  the  rough  floor  grade,  and  in  some  cases  at  the  top  of  upstanding  spandrel 
beams.  The  top  of  the  rough  floor  is  usually  a  splice  point,  and  good  practice  requires  rods,  to 
the  number  of  those  in  the  upper  section,  run  up  from  the  lower  section,  the  distance  required 
for  bond.  These  rods  should  preferably  be  so  located  that  the  rods  in  the  upper  section  can  be 
wired  directly  to  them.  In  the  case  of  large  rods  some  engineers  require  rods  to  be  faced  and 
held  in  a  sleeve.  It  is  very  difficult,  however,  to  so  place  and  hold  faced  rods  for  the  direct 
transfer  of  load.  Where  offsets  are  required  in  extended  rods  on  account  of  change  of  column 
sections,  they  should  be  at  least  a  foot  below  the  splice,  and  offsets  should  not  be  by  slopes  of 
more  than  30  deg.  with  the  vertical. 

162.  Miscellaneous  Concrete  jEdembers. — The  general  principles  enumerated  can  be 
followed  to  detail  most  miscellaneous  structures.  In  miscellaneous  structures,  as  in  slabs, 
there  is  danger  of  putting  so  much  information  on  a  single  view  that  it  becomes  confusing  to 
draftsman  and  builder.  Rods  usually  appear  in  more  than  one  view.  They  will,  of  course, 
be  listed  in  one  view  only,  and  be  noted  in  the  others.  It  is  important  for  good  detailing  that 
they  be. listed  in  the  best  place.  Ordinarily,  this  is  in  the  view  in  which  the  rods  appear  in 
projection  as  a  straight  line.  Whenever  a  structure  is  detailed  in  parts,  however,  rods  which 
run  into  two  parts  should  always  be  listed  with  the  part  which  will  be  poured  first.  For  example, 
in  a  tunnel,  angle  rods  from  the  floor  into  the  walls  should  be  listed  in  the  floor  detail.  The  more 
common  miscellaneous  members  are  footings,  pits  and  tunnels,  engine  foundations,  and  re- 
taining waUs 

162a.  Footings. — Footings  vary  so  greatly  in  complexity  that  it  is  difficult  to 
lay  down  general  rules.  Usually  a  plan  and  one  or  more  sections  will  be  needed.  .  Sometimes 
they  are  simply  large  beams  and  can  well  be  detailed  as  such.  Stirrups  should  never  be  used 
in  footings  where  it  is  possible  to  avoid  them.     They  are  exceedingly  difficiilt  to  place. 

162&.  Pits  and  Tunnels. — Pits  and  tunnels  which  are  complicated  are  best 
separated  into  members,  and  each  slab  and  wall  detailed  independently.  Where  they  are 
simple,  general  views  and  sufficient  sections  will  suffice.  Simple  structures  of  considerable 
length  like  some  power  house  intake  and  discharge  tunnels,  are  conveniently  detailed  by  giving 
all  the  different  cross-sections,  and  longitudinal  sections  through  the  ends,  and  showing  a  Small 
scale  key  plan  indicating  the  extent  and  location  of  the  parts  where  each  section  applies.  This 
method  is  also  applicable  to  some  grade  beams,  spandrel  details,  and  some  retaining  walls. 

162c.  Engine  Foundations. — Engine  foundations  where  they  are  only  pedestals, 
can  be  detailed  with  the  floors.  Larger  foundations  such  as  those  ordinarily  required  for  large 
turbo-generators  should  be  detailed  as  separate  structures.  The  larger  ones  should  be  broken 
up,  and  slabs,  beams,  and  columns  detailed  separately,  like  any  similar  units. 

162d.  Retaining  Walls. — Retaining  walls,  if  of  uniform  section,  may  be  detailed 
in  the  method  suggested  for  long  tunnels.  Where  counterfort  or  buttress  walls  are  used,  sepa- 
rate details  of  vertical  slab,  footing  slab,  counterfort  or  buttress,  etc.,  are  needed. 

162e.  Construction  Joints. — Construction  joints  should  be  included  in  some 
details.  For  example,  tunnels  are  usually  poured  in  three  parts — floor,  walls,  and  roof.  If 
the  walls  are  subject  to  pressure,  it  is  important  that  they  have  bearing  on  floor  and  roof. 
Details  such  as  those  shown  in  Fig.  282  should  be  designed  for  shear  and  shown  on  the  drawings. 

162/.  Spacers. — Spacers  in  miscellaneous  members  need  more  attention  than 
is  often  given  them.  In  addition  to  their  theoretical  use  for  temperature,  or  to  distribute 
loads,  they  have  the  important  function  of  holding  the  main  steel  rigidly  in  place  during  the 
pouring  of  the  concrete.    Some  practical  thought  of  how  the  steel  is  to  be  placed  and  held,  is 
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necessary  in  locating  spacers.     For  example,  bands  of  Lnshaped  rods  need  three  spacers  at 
least,  one  in  the  angle  and  one  near  each  end,  if  the  band  is  to  be  held  rigid. 

162(7.  Rod  Splices. — Construction  joints  must  also  be  considered  in  reinforce- 
ment detailing.  It  is  bad  practice  to  have  rods  extend  through  a  construction  joint  with  only  a 
small  part  of  their  length  imbedded  in  the  first  pouring.  This  is  especially  bad  in  the  case  of 
vertical  rods.  They  are  difficult  to  support  and  very  likely  to  be  bent  out  of  shape.  As  far 
as  possible,  where  rods  would  project  6  ft.,  or  more  than  half  their  length  beyond  a  joint,  they 
should  extend  only  the  bond  distance.  They  should  then  be  spliced  by  another  rod  starting 
at  the  joint.    Fig.  283  shows  a  typical  illustration  of  this. 

In  the  case  of  footings  there,  are  no  vertical  rods  to  extend  up  through  the  joint.     Special 
short  rods  called  stubs  are  used  in  such  cases.     They  extend  a  distance  required  for  bond,  each 

side  of  the  joint,  and  act  as  dowels  (see  Fig.  283).  Vertical 
rods  should  always  start  at  a  construction  joint  when  possible, 
so  that  they  may  be  set  directly  on  the  old  concrete  when 
placed  (see  Fig.  282).  Design  factors  sometimes  overrule  the 
foregoing;  for  example,  high  walls  often  require  vertical  steel 
from  top  to  bottom  while  one  or  more  construction  joints  are 
necessary.  Care  must  be  used  in  all  such  cases  to  conform  to 
design  requirements  and  at  the  same  time  make  placing  as 
simple  as  possible. 

163.  Reinforcement  Cover. — The  cover  over  reinforcing 
rods,  as,  for  example,  under  slab  or  beam  rods  or  outside  of 
column  rods,  serves  to  protect  them  from  fire  and  weather  and 
also  to  develop  bond  on  the  entire  surface  of  the  rod.  Detailers  should  be  familiar  with 
common  fireproofing  requirements.  Too  little  cover  means  danger  from  fire  or  sometimes 
moisture,  too  much  in  beams  and  slabs  means  cracks  in  the  concrete  below.  A  K-in»  clear 
cover  for  slabs  4  in.  thick,  with  rods  not  over  H  i^^M  a^d  a  small  fire  risk,  is  the  minimum.  A 
1-in.  clear  cover  is  about  the  maximum  for  slabs.  For  beams  and  girders  IJ^  to  3  in.  is  used 
according  to  the  importance  of  member  and  the  fire  risk.  In  columns,  from  1  to  4  in.  is 
used. 

164.  Shop  Bending. — Every  concrete  detailer  should  be  familiar  with  reinforcement  in 
place  in  the  forms,  and  as  far  as  possible  with  the  process  of  bending  and  placing.  With  odd- 
shaped  rods,  bending  difficulties  should  receive  careful  consideration. 
Radius  bends  larger  than  4  in.  are  difficult  and  expensive  to  obtain. 
Small  bends  are  made  aiound  pipe  sleeves  or  blocks.  An  exception  to  this 
is  spirals,  and  circles  such  as  are  used  in  the  S.M.I,  flat  slab  system. 
Special  machines  in  wel  1  equipped  yards  take  care  of  these  economically. 
It  should  be  remembered  that  on  large  rods  a  precision  on  offsets  closer 
than  1  in.  is  difficult  to  obtain.  Details  should  not,  therefore,  be  made 
which  require  such  precision.  Angles  in  rods,  except  parallel  offsets,  cannot 
be  made  with  great  precision  and  accurately  bent  rods  will  spring  in 
handling  unless  very  heavy  compared  to  their  length.  Details  therefore 
in  which  a  slight  variation  in  the  angle  of  the  rod  would  cause  trouble 
should  not  be  made.  For  example,  l^ig.  284  is  bad.  The  detail  should 
be  as  shown  in  Fig.  285.  In  addition  to  the  practical  weakness  it  is  of 
course  poor  design  to  carry  a  rod  around  the  face  of  a  reentrant  angle 
as  shown  in  Fig.  284  since  the  resultant  of  the  tension  in  the  two  legs 
acts  against  the  fireproofing  only.  Cambers,  in  slab  rods  (^  in.  or 
under)  may  be  as  many  as  four,  within  reason.  With  larger  rods,  as  used 
in  beams,  not  more  than  two  cambers  should  be  used  in  a  single  rod. 

166.  Reinforcement  Assembly. — Bending  may  be  done  in  the  contractor's  yard  or  on  the 

job.     In  either  case  the  bent  rods  tagged  with  type  numbers  are  stored^  usually  by  sizes,  in 

racks  or,  if  space  is  available,  on  the  ground  opposite  the  place  where  they  are  to  be  used. 

Column  steel  is  usually  assembled  on  horses  and  placed  as  a  unit.     Beam  steel  may  be 
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handled  in  this  way  but  where  beams  intersect  over  the  columns  at  least  part  of  them  must  be 
assembled  in  the  forms.  Beam  rods  hooked  into  spiraled  columns  should  therefore  be  avoided 
on  account  of  the  diflSculty  of  placing.  When  beam  steel  is  assembled  in  the  form,  stirrups 
are  first  placed  and  it  is  a  good  idea  to  provide  loop  bars  (^  or  J^-in.  rods)  the  full  length  of  the 
beam  to  be  placed  under  the  hook  of  the  stirrups,  by  which  to  support  them. 

In  slabs,  assembly  by  imits  is  generally  impracticable  except  occasionally  in  some  types 
of  flat-slab  construction.  Spacers  are  laid  down,  preferably  on  suitable  chairs,  and  the  main 
reinforcement  is  placed  on  them  and  wired. 
In  wall  reinforcement,  vertical  rods  ai;© 
usually  placed  first  and  then  the  horizontal 
rods  tied  to  these.  In  slab  and  wall  rein- 
forcement, deformed  rods  are  held  more 
rigidly  in  place  by  wiring  than  plain  rounds, 
which  have  a  tendency  to  shp  through  the 
ties. 

166.  Rod  Sizes. — In  the  choice  of  rods 
there  are  a  few  points  to  be  considered. 
In    the   first    place,    rods    of  ?i    to   1-in. 

diameter  have  base  price,  i.e.,  the  lowest  price  per  pound,  and  are  therefore,  other  things 
being  equal,  the  cheapest,  hie-^-  sizes  with  the  possible  exception  of  Me-in*  square  are  not 
commercial  sizes.  ^  to  Ijri  in,  are  the  readily  available  sizes.  Good  detailing  limits  the 
sizes  in  the  various  units  and  as  far  as  possible  on  the  whole  job,  to  avoid  confusion.    Squares 

and  rounds  are  best  not  used  together. 

1  167.  Schedules. — Rod  schedules  are  sometimes  made  as  a  table  on 

the  drawing  itself,  but  best  practice  is  a  separate  sheet  which  is  commonly 
about  12  X  21  in.  This  size  is  easily  handled  in  the  yard.  A  sample  of  a 
good  schedule  form  is  given  in  Fig.  286. 

Type  members  must  be  considered  in  connection  with  rod  schedules. 
Letters  for  various  types  are  convenient.  The  following  are  in  successful 
use: 

The  individual  rods  are 
given  separate  numbers 
and  great  care  is  neces- 
sary to  avoid  duplication 
of  numbers.  The  use  of 
the  number  of  the  sheet 
on  which  the  detail  of 
the  rod  occurs,  as  part  of 
the  type  number  is  open 
to  the  objection  of  giving  a  long  number,  but  it  automatically  avoids  duplication.  This  is  illu- 
strated on  the  schedule  given. 

Schedules  include,  of  course,  the  lengths  of  bar  in  each  run,  t.e.,  the  distance  between 
angles.  The  curves  in  Figs.  287  and  288  are  convenient  for  finding  camber  lengths.  At  the 
intersection  of  the  vertical  line  for  the  camber  height,  with  the  horizontal  line  for  the  horizontal 
projection  of  the  camber,  read  the  slope  lengths  with  the  arcs  as  a  scale.  For  30  or  45-deg. 
cambers  the  slope  distance  can  be  read  at  the  intersection  of  either  height  or  distance  with  the 
corresponding  slope  line. 
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A — Straight  rods 

B — One  or  two  hooks 

C — One  camber  or  offset 

D — Two  cambers 

E — Three  or  more  cambers , 

Stirrups 


'  With  or  without  hooked  ends 


O — Binders 

BK — Bracket  rods 

8 — Any  other  special  type 
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SECTION  3 
STRUCTURAL  DATA 

/ 

' / 

BUILDINGS  IN  GENERAL 

1.  Tjrpes  of  Buildings. — Buildings,  according  to  the  building  law  of  the  City  of  Boston,  are 
divided  into  three  classes,  as  follows : 

Fint-dass  Building. — A  first-class  building  shall  consist  of  fireproof  material  throughout,  with  floors  constructed 
of  iron,  steel,  or  reinforced  concrete  beams,  filled  in  between  with  terra  cotta  or  other  masonry  arches  or  with  con- 
crete or  reinforced  concrete  slabs;  wood  may  be  used  only  for  under  and  upper  floors,  window  and  door  frames, 
sashes,  doors,  interior  finish,  hand  rails  for  stairs,  necessary  sleepers  bedded  in  the  cement,  and  for  isolated  furrings 
bedded  in  mortar.     There  shall  be  no  air  space  between  the  top  of  any  floor  arches  and  the  floor  boarding. 

Second-doM  Building. — All  buildings  not  of  the  first  class,  the  external  and  party  walls  of  which  are  of  brick, 
stone,  iron,  steel,  concrete,  reinforced  concrete,  concrete  blocks,  or  other  equally  substantial  and  fireproof  materiaL 

Third-da»B  Building. — A  wooden  frame  building. 

Componte  Building. — A  building  partly  of  second-class  and  partly  of  third-class  construction.  Composite 
buildings  may  be  built  under  the  same  restrictions  as,  and  need  comply  only  with  the  requirements  for,  third-class 
buildings  as  to  fire  protection  and  exterior  finish.  «- 

Another  lype  of  building  adapted  to  mills,  factories,  warehouses,  etc.,  is  the  so-called 
"Slow-Burning  Timber  Mill  Ck)nstruction, "  developed  by  mill  owners  and  the  New  England 
Factory  Mutual  Insurance  Ck)m  panics.  This  type  is  described  in  detail  in  a  separate  chapter 
in  this  section. 

2.  Floor  Loads. — Floor  loads  vary  with  the  class  of  material  to  be  stored.  In  calculating 
dead  and  live  loads  for  buildings,  the  following,  quoted  from  the  Boston  Building  Law,  is  good 
practice.  However,  the  figures  given  should  be  checked  by  the  ordinances  of  the  locality  in 
which  the  building  is  to  be  erected. 

Dead  loads  shall  consist  of  the  weight  of  walls,  floors,  roofs,  and  permanent  partitions.  The  weights  of  various 
materials  shall  be  assumed  as  follows: 

Pounds  per 
cubic  foot 

Beech 42 

Birch 42 

Brickwork 120 

Concrete,  cinder,  structural 108 

Concrete,  cinder,  floor  filling 96 

Concrete,  stone 144 

Douglas  fir 36 

Granite 168 

Granolithic  surface 144 

Limestone 150 

Maple 42 

Marble 168 

Oak ; 48 

Pine,  southern  yellow 42 

Sandstone 144 

Spruce 30 

Terra  cotta,  architectural,  voids  unfilled 72 

Terra  cotta,  architectural,  voids  filled 120 

Pounds  per  square 
foot 

Gravel  or  slag  and  felt  roofing 6 

Plastering  on  metal  lath,  exclusive  of  furring 8 

Live  loads  shall  include  all  loads  except  dead  loads.  Every  permit  shall  state  the  purpose  for  which  the 
building  is  to  be  used,  and  all  floors  and  stairs  shall  be  of  sufficient  strength  to  bear  safely  the  weight  to  be  imposed 
thereon  in  addition  to  the  dead  load,  but  shall  safely  support  a  minimum  uniformly  distributed  live  load  per  square 
foot,  as  specified  in  the  following  table:  * 
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Class  of  Buildins  Pounds  per 

square  foot 

Armories,  assembly  hsUs  and  gymnasiums 100 

Fire  Houses:     / 

Apparatus  floors 150 

Residence  *od  stable  floors 50 

GsTBCMf  private,  not  more  than  two  cars 75 

Gsra«es,  publie 150 

Qrmndstands 100 

Hotels,  lodging  houses,  boarding  houses,  clubs,  convents,  hospitals,  asylums  and  detention  buildings: 

Publio    portions 100 

Residence  portions 50 

Manufacturing,  heavy 250 

Manufacturing,  Ught 125 

Ot&oe  buildings: 

First  floor 125 

AD  other  floors , 75 

Publio  buildings: 

Publie  portions 100 

Office  portions 75 

Residence  buildings,  including  porches 50 

Schools  and  colleges: 

Assembly  halls 100 

Class  rooms  never  to  be  used  as  assembly  halb 50 

Sidewalks '. 260 

(Or  8000  lb.  concentrated,  whichever  gives  the  larger  moment  or  shear) 
Stables,  publie  or  mercantile: 

Street  entrance  floors 150 

Feed  room 150 

Carriage  room 60 

Stall  room 50 

Stairs,  corridors,  and  fire  escapes  from  armories,  assembly  halls,  and  gymnasiums 100 

Stairs,  corridors,  and  fire  escapes  except  from  armories,  assembly  halls,  and  gymnasiums 75 

Storage,  heavy. 250 

Storage,  light 126 

Stores,  retail 125 

Stores,  wholesale 250 

Every  plank,  slab,  and  arch,  and  every  floor  beam  carrying  100  sq.  ft.  of  floor  or  less,  shall  be  of  sufficient 
strength  to  bear  safely  the  combined  dead  and  live  load  supported  by  it,  but  the  floor  live  loads  may  be  reduced 
for  other  pctrts  of  the  structure  as  follows: 

In  all  buildings  except  armories,  garages,  gymnasiums,  storage  buildings,  wholesale  stores,  and  assembly 
halls,  for  all  flat  slabs  of  over  100  sq.  ft.  area,  reinforced  in  two  or  more  directions  and  for  all  floor  beams,  girders, 
or  trusses  carrying  over  100  sq.  ft.  of  floor,  10%  reduction. 

FcM*  the  same,  but  carrsring  over  200  sq.  ft.  of  floor,  15%  reduction. 

For  the  same,  but  canning  over  300  sq.  ft.  of  floor,  25  %  reduction. 

These  reductions  shall  not  be  made  if  the  member  carries  more  than  one  floor  and  therefore  has  its  live  load 
reduced  according  to  the  table  below. 

In  publio  garages,  for  all  flat  slabs  of  over  300  sq.  ft.  area  reinforced  in  more  than  one  direction,  and  for  all  floor 
beanos,  girders,  and  trusses  carrjdng  over  300  sq.  ft.  of  floor,  and  for  all  columns,  walls,  piers,  and  foundations, 
25%  reduction. 

In  all  buildings  except  storage  buildings,  wholesale  stores,  and  public  garages,  for  all  columns,  girders,  trusses, 
walls,  piers,  and  foundations. 

Carrying  one  floor No  reduction. 

Carrying  two  floors 25  %  reduction. 

Canying  three  floors 40  %  reduction. 

Carrying  four  floors 60  %  reduction. 

Carrying  five  floors 65  %  reduction. 

Carr3ring  six  floors  or  more ^ 60  %  reduction. 

Roofs  shall  be  designed  to  support  safely  minimum  live  loads  as  follows: 

Roofs  with  pitch  of  4  in.  or  less  per  foot,  a  vertical  load  of  40  lb.  per  sq.  ft.  of  horisontal  projection  applied 
either  to  half  or  to  the  whole  of  the  roof. 

Roofs  with  pitch  of  more  than  4  in.  and  not  more  than  8  in.  per  ft.,  a  vertical  load  of  15  lb.  per  sq.  ft.  of  hori- 
zontal projection  and  a  wind  load  of  10  lb.  per  sq.  ft.  of  surface  acting  at  right  angles  to  one  slope,  these  two  loads 
being  assumed  to  act  either  together  or  separately. 

Roofs  with  pitch  of  more  than  8  in.  and  not  more  than  12  in.  per  ft.,  a  vertical  load  of  10  lb.  per  sq.  ft.  of  hori- 
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lontal  projection  and  a  wind  load  of  15  lb.  per  sq.  ft.  of  surface  acting  at  right  angles  to  one  slope,  these  two  loads 
being  assumed  to  act  either  together  or  separately. 

Roofs  with  pitch  of  more  than  12  in.  per  ft.,  a  vertical  load  of  5  lb.  per  sq.  ft.  of  horisontal  projection  and  a  wind 
load  of  20  lb.  per  sq.  ft.  of  surface  acting  at  right  angles  to  one  slope,  these  two  loads  being  assumed  to  act  either 
together  or  separately. 

All  buildings  and  structures  shall  be  calculated  to  resist  a  pressure  per  square  foot  on  any  vertical  surface  as 
follows: 

For  40  ft.  in  height 10  lb. 

Portions  from  40  to  80  ft.  above  ground 16  lb. 

Portions  more  than  80  ft.  above  ground 20  lb. 

8.  Weights  of  Merchandise. — The  following  table  taken  by  permission  from  data  of  the 
Boston  Manufacturers  Mutual  Insurance  Company  gives  approximate  weights  and  dimensions 
of  packages.  In  designing  storehouses  it  is  important  to  provide  for  the  greatest  load  which 
can  be  placed  in  the  building. 


Weights  op  Merchandise 


Material 


Measxirements 


Floor 

space 

(sq.  ft.) 


Cu.  ft. 


Weights 


Gross 


Per 
sq.  ft. 


Per 
cu.  ft. 


I 


goods 


Wool 
In  bales,  Aiistralia 
In  bales,  East  India 
In  bales,  New  Zealand  j 
In  bales.  So.  America 
In  bales,  Oregon 
In  bales,  California 
In  bales,  Texas 

In  bags.  Domestic 

In  bags,  scoured  or  noils 

Woolen 

Case,  flannels 

Case,  flannels,  heavy 

Case,  dress  goods 

Case,  cassimeres 

Case,  underwear 

Case,  blankets 

Case,  horse  blankets 

Cotton 

Bale,  ginned 

Bale,  compressed 

Bale,  Planters  Compress  Co 

Bale,  American  Cotton  Co 

Bale,  Egyptian 

Bale,  Indian 

Cotton  goods 

Bale  unbleached  jeans 

Piece  duck 

Bale  brown  sheetings 

Case  bleached  sheetings 

Case  quilts 

Bale  print  cloth 

Case  prints 

Bale  tickings 

Skeins  cotton  yarn 

Carpet 

Roll  of  carj)et 

Rug  (with  pole) 


'  Heece  pulled  scoured. 


8.6 

12.5 

7.5 

7.0 

7  0 

15.6 

15.5 

5.5 
7.1 
6.5 

10.6 
7.3 

10.3 
4.0 

9.32 

5.25 

1.80 

2.60 

4  7 

4.7 

4.b 
1.1 

3  6 
4.8 
7.2 
4.0 

4  5 
3.3 


4  1 
0.44 


19.4 

47 
33 
33 
33 
18 
18 

12.7 
15.2 
22.0 
28  0 
21  0 
35  0 
14.0 

46.6 
25.2 
5  4 
7.8 
20  0 
20.0 

12.6 

2  3 

10.1 

11.4 

19.0 

9.3 

13.4 

8.8 


10.9 
4 


360 

1000 
660 
480 
480 
250 
100 

220 
330 
460 
650 
350 
460 
250 

660 
650 
250 
270 
820 
860 

300 
75 
236 
330 
295 
175 
420 
325 


129 
48 


40 

80 
73 
70 
70 
16 
6.4 

40 
46 
84 
52 
48 
44 
63 

60 
106 
139 
104 
170 
176 

72 
68 
66 
69 
41 
44 
93 
99 


31.6 


18 

22 

17 
15 
15 
14 
5.6 

17 
22 
21 
20 
16 
13 
IS 

12 
22 
47 
36 
41 
43 

24 
33 
23 
30 
16 
19 
31 
37 
11 

11.8 
12.0 
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Weights  op  Merchandise — {Continued) 


Measurements 


Material 


Floor 
space 

(sq.  ft.) 


Bale,  silk  ooooons 

Bale,  silk  f  risons  (average) 

Bale,  dressed  silk 

Bale,  raw  silk  (average) 

Bale,  span  silk 

Case  broad  silk  cloth 

Case  ribbons 

/tito,  etc. 

Bale,  jute 

Bale,  jute  lashings 

Bale,  Manila 

Bale,  hemp 

Bale,  Sisal 

Burlaps,  various  packages 

Jute  bagging 

Bagt  in  hale» 

White  linen 

White  cotton 

Brojim  cotton 

Pisper  shavings 

Sacking 

Woolen 

Jute  butts 

Spruce  chips,  wet,  tightly  packed 

Spruce  chips,  wet,  loosely  packed 

^>ruce  chips,  dry 

Pop«r 

1«  X  21.  30  lb.  ledger 

16  X  21,  24  lb.  calendered  book 

16  X  21,  29  lb.  super-cal.  book 

18H  X  29,  26  lb.  news 

32  X  42,  No.  38  straw  board 

24  X  31,  52  lb.  Manila  wrapping 

Sheets  in  bundles,  with  wood  frames. . . 
Sheets  in  bundles,  without  wood  frames 

Roll  newspaper 

Sulphite  pulp 

Average  pile  of  paper,  in  bundles 

Tobacco 

Bale  Sumatra  wrapper 

Hogshead  of  tobacco 

Grain 

Wheat  in  bags . . . .- 

Wheat  in  bulk 

Wheat  in  bulk 

Wheat  in  bulk  mean 

Barrels  flour  on  side 

Barrels  flour  on  end 

Com  in  bags 

Commeal  in  barrels 

Oats  in  bags 

BcJe  of  hay 

Hay,  dederick  compressed 

Straw,  dederick  compressed 

Tow,  dederick  compressed 

Excelsior,  dederick  compressed 


12.5 
13.2 
12 

7.0 
5 

6.6 
8 

2.4 
2.6 
3.2 
8.0 
7.5 

2.3 

8.5 
9  2 

.7.6 
7.5 

16.0 
7.5 
2.8 


2.4 
2.4 
2.4 
3.7 
9.3 
5.2 
5.4 
6.3 
4.8 


6.1 
8.0-13 

4.2 


4.1 
3.1 
3.6 
3.7 
3.3 
5  0 


Cu.  ft. 


31.5 

34.3 

24 
8  5 
7.5 

10.4 

16 

9.9 
10  5 
10  9 
30.0 
27.0 

7.0 

39.5 

40.0 

30.0 

34 

65 

30.0 

11.0 


5.3 
4.4 
4.3 
5.9 
3.9 

10.8 
4.0 
4.2 

28.8 


6.0 
36.0-80.4 

4.2 


Gross 


260 
325 
400 
221 
235 
180 
175 

400 
450 
280 
650 
400 

100 

910 
715 
440 
500 
450 
600 
400 


210 
250 
300 
270 
130 
530 
120 
140 
1200 


Weights 


Per 
sq.  ft. 


75 

.75 
75 
75 


5.4 
7.1 
3.6 
5.9 
3.6 
20  0 
5  25 
5  25 
5  25 
5.25 


150 
1000-2200 

165 


218 
218 
112 
218 
96 
284 
125 
100 
150 
100 


20.4 
24.6 
33  4 
31.6 
47  0 
27.7 
21  .0 

170 
172 

88 

81 

53 

43 

107 

78 

59 

68 

38 

80 
143 


130 

105 

125 

73 

14 

102 

22 

22 

250 


24.5 


39 


53 
70 
31 
59 
29 
57 
72 
57 
86 
57 


Per 
cu.  ft. 


8.25 
9  50 
16.6 
26 
31.4 
17.3 
10.9 

40 
43 
26 
20 
15 
43 
14 

23 
18 
15 
15 
7 
20 
36 
18 
14 
10 

60 
57 
70 
46 
33 
49 
30 
33 
41 
17 
40 

24.7 
28 

39 
44 
39 
41 
40 
31 
31 
37 
27 
14 
24 
19 
29 
19 
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Weights  op  Merchandise — (Contintied) 


Material 


Measurements 

Weights 

Floor 
space, 

(sq.  ft.) 

1 

Cu.  ft. 

Gross 

Per 
sq.  ft. 

Per 

cu.  ft. 

11.3 

39.2 

1200 

102 

31 

10.8 

29.2 

1800 

167 

62 

3.0 

9  0 

385 

128 

43 

4.0 

3.3 

150 

38 

45 

1.6 

4.1 

160 

100 

39 

4.3 

6.8 

600 

140 

88 

3.0     10.5 

350 

117 

33 

1  06     0.8 

55 

52 

70 

4.3 

12.3 

422 

98 

34 

42 

2.7 

0.5 

139 

99 

278 
60 

9.9 

39.6 

1600 

162 

40 

13.4 

42.5 

600 

52 

14 

7.3 

12.2 

190 

26 

16 

11.2 

16.7 

300 

27 

18 

6  0 

30  0 

400 

07 

13 

6.0 

30  0 

700 

117 

23 

12.6 

8.9 

200 

•  •  .  •  ■ 

22 

16 
17 

3. a   '   7  5 

317 

106 

42 

3.0   1   7.5 

340 

113 

45 
30 

.  . 

72 

Dye  atuffa,  etc. 

Hogsheads  bleaching  powder 

Hogsheads  soda  ash  powder 

Box  indigo 

Box  cutch 

Box  sumac 

Caustic  soda  in  iron  drum 

Barrel  pearl  alum 

Box  extract  logwood 

Barrel  lard  oil 


Afiscellaneous 

Rope 

Box  tin 

Box  glass 

Crate  crockery 

Cask  crockery 

Bale  leather 

Bale  goatskins 

Bale  raw  hides 

Bale  raw  hides  compressed 

Bale  solo  leather 

Pile  sole  leather 

Barrel  granulated  sugar 

Barrel  brown  sugar 

Cheese 

Pitch 


4.  Fire  Prevention  and  Fire  Protection. — In  the  design  of  important  structures,  especially 
industrial  and  commercial,  the  architect  or  engineer  should  consult  the  local  insurance  boards, 
as  they  maintain  laboratories  and  a  large  engineering  force  which  is  at  the  disposal  of  interested 
parties  without  charge.  In  many  cases,  insurance  costs  may  be  materially  reduced  by  their 
assistance. 

Mills,  factories,  warehouses,  stores,  or  any  structures  having  extensive  areas  containing 
quantities  of  inflammable  materials,  should  first  of  all  be  protected  with  a  complete  automatic 
sprinkler  system.  All  large  buildings  should  have  stand  pipes  with  hose  reels  or  racks  conven- 
iently located  in  stairways,  etc.,  where  they  are  easily  accessible,  in  case  of  fire  and  so  placed 
that  the  hose  stream  or  streams  will  reach  every  part  of  the  floor  or  section  to  be  protected. 
Chemical  fire  extinguishers  or  pails  of  water,  or  both,  should  also  be  placed  where  easily 
accessible. 

A  sprinkler  system  should  have  its  own  water  supply,  usually  a  tank  of  proper  capacity 
either  on  the  roof  or  on  an  independent  tower.  In  locating  a  tank  on  the  roof,  care  must  be 
taken  that  it  is  amply  supported,  preferably  on  the  walls  of  the  building.  Where  a  city  fire 
department  is  available,  an  outside  connection  for  fire  engines  is  also  installed.  In  one  fire 
protection  system  designed  for  a  large  steamship  pier,  there  was  a  connection  at  the  land  end 
for  fire  engines,  and  another  at  the  water  end  for  fire-boats. 

Fire  pumps  should  be  of  the  Underwriters  pattern  of  approved  make.  Approved  rotar>' 
and  centrifugal  pumps  may  be  used  instead  of  steam  pumps,  but  should  be  driven  by  indepen- 
dent motors.  The  pump  room  and  boiler  room  should  be  cut  off  from  the  rest  of  the  plant  by 
fire  walls  and  fire  doors,  and  so  loacted  that  in  case  of  fire,  men  may  stand  by  the  boilers  and 
pumps  to  the  end. 
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Industrial  plants  covering  extensive  ground  area  should  have  a  system  of  water  piping  and 
hydrants  with  fire  hose  in  suitable  hose  houses. 

The  following  is  quoted  from  a  report  of  the  Associated  Factory  Mutual  Insurance  Com- 
panies, detailing  the  necessary  equipment  for  proper  fire  protection.  Requirements  of  other 
insurance  boards  do  not  differ  materially  from  these. 

The  extent  and  capacity  of  the  fire  apparatus  depends  largely  upon  construction,  height,  area,  occupancy,  and 
arrangement  of  a  plant,  and  also  upon  its  surroundings.  The  more  important  requirements  for  an  ideal  plant  are 
as  follows: 

Wf^^T  Supply:  (a)  Public  water  supplied  by  gravity  at  good  pressure  and  ample  quantity  is  best.  A  pressure 
of  about  60  lb.  maintained  in  the  mill  yard  while  1000  to  1500  gal.  or  more  are  flowing  is  ordinarily  considered  excel- 
lent.    Such  a  public  water  supply  is  always  preferred  to  an  elevated  tank. 

(b)  Pump  supply  from  one  or  two  Underwriter  pumps  according  to  the  siie  of  the  plant.  Pumps  to  draw  from 
supply  capable  of  furnishing  water  during  a  fire  of  long  duration  and  independent  of  the  pubUc  water  works. 

(c)  Steam  boilers  should  have  two  absolutely  independent  sources  of  water  supply.  A  direct  connection  from 
fii3  pump  to  the  boilers  is  often  desirable  and  may  be  considered  as  one  of  these  The  steam  supply  to  pump  should 
be  taken  off  behind  a  valve  or  valves  controlling  supply  to  engines  or  other  factory  service,  and  all  controlling  valves 
should  be  in  the  boiler  house.  The  pipe  should  be  so  located  that  it  can  not  be  broken  by  falling  walls  or  other 
accident  at  a  fire. 

Hydrants:  Placed  at  sufficiently  frequent  intervals  so  that  the  full  capacity  of  the  water  supply  available  may 
be  concentrated  at  any  point  of  the  plant  without  the  use  of  long  lines  of  hose. 

Generally  hydrants  at  intervals  of  about  200  ft.  are  required,  two-way  hydrants  to  have  at  least  5-in.  gate 
c^wning  and  barrel,  and  hydrants  with  more  than  two  outlets  to  have  a  6-in.  gate  opening  and  barrel,  and  indepen- 
dent gstes  for  each  outlet. 

Roof  hydrants  are  of  value  in  fighting  outside  fires  either  in  adjoining  properties  or  where  buildings  adjoin  one 
another  in  a  crowded  mill  yard. 

Hose  standpipes  properly  located  are  of  great  value  in  buildings  of  over  two  or  three  stories  especially  when  fire 
is  beyond  control  of  sprinklers. 

Sprinklera:  (a)  Automatic  sprinklers  throughout  all  rooms  including  storehouses,  elevators,  and  stairs,  all 
closeta.  encloBures,  etc.,  also  to  be  covered.  There  should  be  no  part  of  the  floor  area,  ceilings*  or  roofs  without 
ample  protection,  and  heads  must  be  so  spaced  as  to  satisfactorily  cover  all  places.  It  is  required  that  detail  sprink- 
ler plans  showing  protection  proposed  be  submitted  to  the  Insurance  Companies  before  the  installation  begins. 
Dry  pipe  valves  should  be  used  only  when  it  is  impracticable  to  heat  the  building,  as  their  installation  consider- 
ably increases  the  time  before  discharge  of  water  on  the  fire,  and  therefore  correspondingly  weakens  the  protection. 

(fr)  Ekbch  sprinkler  connection  into  buildings  to  be  provided  with  outside  post  indicator  gate,  safely  located, 
and  sufficient  connections  are  required  for  large  areas  so  that  there  may  not  be  over  200  sprinklers  in  one  room  on  a 
single  d-in.  supply.  Pipe  connections  into  buildings  should  not  be  less  than  6  in.,  even  when  suppljring  risers  of 
smaller  sise,  except  in  especial  cases  where  only  30  or  40  heads  are  supplied  per  floor  in  low  buildings. 

Yiord  Pipes:  Of  ample  sise  to  carry  the  water  available  to  sprinklers  and  hydrants  without  serious  loss  of  pres- 
sure. For  the  mill  s^own,  and  8-in.  loop  pipe  is  sufficient.  Should  the  loop  not  be  practicable,  the  pipe  in  a  pkrt 
of  the  yard  system  may  need  to  be  10  in.  For  large  mills  with  extended  yard  area,  10-in.  pipe  or  even  larger  may 
be  necessary.  Class  B  pipe  N.E.W.W.  Association  is  required.  Pipes  to  be  in  such  location  that  hydrants  and  post 
indicator  valves  may  be  at  a  good  distance  from  the  wails  of  very  high  buildings  or  those  of  large  area.  Pump 
check  valves  should  be  safely  located  below  floor  level.     The  brick  well  is  merely  to  make  it  more  readily  accessible. 

Circuit  controlling  valves  are  advisable  at  intervals  in  extensive  yards  so  as  not  to  necessitate  shutting  off  the 
entire  yard  system  at  one  time  in  case  of  repairs  or  alterations. 

Host:  (a)  Outside  equipment  to  consist  of  2^-in.  Underwriter  cotton  rubber-lined  hose  of  one  of  the  approved  , 
brands  which,  together  with  spanners,  IH  in>  Underwriter  nozsles.  axes,  bars,  lantern,  etc.,  must  be  kept  in  the 
hose  houses. 

(b)  Inside  equipment  to  be  provided  in  all  rooms,  fed  preferably  from  a  system  of  small  standpipes  independent 
of  sprinkler  system,  that  it  may  be  available  if  the  sprinklers  are  shut  off  on  account  of  accident  or  after  they  are 
shut  off  at  fire  to  save  water  damage.  In  some  cases,  it  may  be  attached  to  1-in.  nipples  from  sprinkler  pipes  not 
less  than  2}4  in.  in  diameter,  but  is  then  not  available  at  a  time  when  it  may  be  most  needed.  Hose  and  coupl- 
ings to  be  for  1^4n.  Underwriter  linen  hose  and  nossles  H-in*  smooth  bore. 

(e)  For  tower  standpipes  2H-i°>  best  Underwriter  linen  hose  of  approved  brands  to  be  provided. 
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6.  Effects  of  Heat  on  Steel. — Structural  steel,  used  for  the  framework  of  modem  buildings," 
loses  its  rigidity  at  a  relatively  low  temperature.     At  600  deg.  F.  the  material  begins  to  lose 
its  strength ;  as  the  temperature  is  increased  above  this  point,  tests  show  that  the  strength  de- 
creases rapidly  and  at  or  about  1000  deg.  F.  the  steel  has  Uttle  or  no  value  in  supporting  loads. 
At  approximately  1500  deg.  F.  the  material  softens  and  fails  of  its  own  weight. 

22 
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6.  Intensity  of  Heat  in  a  Fire. — Fused  and  distorted  metals,  indicating  temperatures  of 
1700  deg.  F.,  and  in  many  cases  in  excess  of  2000  deg.  F.^  are  found  in  buildings  after  fires.  In 
the  Edison  fire  on  Dec.  9,  1914,  at  West  Orange,  N.  J.,  evidences  of  temperatures  ranging  from 
2000  to  2500  deg.  F.  were  found.  In  the  sub-basement  and  on  the  third  floor  of  the  Wax 
House  where  inflammable  materials  were  stored,  the  heat  was  sufficient  to  fuse  portions  of  the 
trap  concrete.  Even  a  moderate  fire  or  a  small  hot  fire  confined  to  a  portion  of  a  building  may 
cause  failure  of  improperly  protected  colximns  or  floor  beams  with  resulting  partial  or  total  loss. 

7.  Protection  of  Steel  From  Failure. — Protection  of  steel  from  failure  consists  in  encatsing 
it  in  a  non-heat  conducting  material  so  that  the  temperature  of  the  structural  steel  framework 
does  not  reach  a  point  endangering  its  strength. 

The  ideal  material  for  protective  coverings  should  conduct  heat  very  slowly  and  should 
be  of  a  quality  and  thickness  such  that  in  the  course  of  burning  of  the  contents  of  the  building 
no  serious  damage  will  result,  either  to  the  members  encased  or  to  the  material  itself.  The 
protective  covering  must  be  adapted  to  resist  not  only  the  destructive  action  of  the  fire  but  also 
the  action  of  the  fire  streams  used  in  extinguishing  the  fire.  No  material  can  resist  the  contin- 
ued alternate  action  of  heat  and  the  sudden  cooling  by  water.  Brick,  concrete,  terra  cotta  tile, 
plaster,  and  gypsum  products,  when  properly  made  and  properly  used,  have  withstood  labora- 
tory tests  and  ordinary  fires  to  a  satisfactory  degree 

8.  Fire-resistance  of  Materials. 

8a.  Brick. — The  fire-resisting  qualities  of  brick  have  been  demonstrated  in 
many  fires.  When  used  in  large  units,  particularly  in  thin  walls,  damage  may  result  in  severe 
fires  from  expansion.  Thick  walls  suffer  less  damage  from  expansion  although  the  bricks  may 
crack,  spall,  or  fuse  under  the  action  of  fire  or  water.  In  small  units,  as  for  example  in  floor 
arches  or  protection  for  columns,  properly  made  brickwork  is  an  excellent  fire-resistant  material. 
To  be  first  class  in  this  respect  the  chemical  properties  of  the  clay  should  be  such  that  a  tempera- 
ture of  at  least  2200  deg.  F.  is  required  to  vitrify  it.  The  burning  of  the  briok  should  proceed 
to  a  point  just  short  of  vitrif action. 

8&.  Concrete. — The  wonderful  development  of  concrete  construction  and  the 
behavior  of  plain  and  reinforced  concrete  in  fires  and  conflagrations  offers  sufficient  evidence  of 
its  value  as  a  constructive  and  fire-resistive  material.  The  low  heat  conductivity  of  concrete' 
is  due  partly  to  its  porosity  and  partly  to  the  process  of  dehydration  which  begins  at  a  tempera- 
ture of  600  to  600  deg.  F.  The  process  is  slow  because  the  surface  material,  having  become  a 
poorer  conductor  of  heat,  remains  in  place  and  retards  the  progressive  action  of  the  dehydration 
of  material  in  the  interior.  At  comers  or  edges  exposed  to  intense  heat,  the  calcined  material 
may  spall  to  a  maximum  depth  of  ?i  to-1  in.,  but  in  ordinary  fires  this  action  is  rarely  of  impor- 
tance. The  character  of  the  aggregate  is  an  important  factor.  Stone  or  gravel  containing 
quartz  grains  tends  to  disintegrate  and  should  not  be  used. 

Cinders  are  light  in  weight,  porous,  and  when  mixed  wet  and  very  well  mixed  by  machine, 
forms  a  concrete  having  excellent  fire-resisting  qualities.  The  cinders  should  be  hard,  free 
from  fine,  powdery  ash  or  other  soft  material,  and  for  maximum  strength  and  quality  should 
preferably  be  a  porous,  vitreous  clinker.  Anthracite  coal  cinders  are  obtainable  in  some  cities. 
In  general,  carefully  selected  bituminous  coal  cinders  from  buildings  or  plants  in  which  no  waste 
or  refuse  is  burned  will  be  satisfactory  if  the  particles  are  well  coated  with  cement  in  mixing. 
The  presence  of  unbumcd  coal  may  cause  slight  pitting  of  a  surface  in  a  fire  but  the  porosity 
of  the  aggregate  and  the  dehydration  of  the  cement  in  well  mixed  concrete  will  ordinarily  pro- 
tect the  covering  from  serious  damage.    Blast  furnace  slag  is  a  very  good  aggregate. 

8c.  Terra  Cotta  Tile. — The  tile  for  fire  protective  coverings  and  structural  pur- 
poses is  made  in  three  grades,  "porous,"  "semi-porous,"  and  "dense."  The  porosity  is 
obtained  by  mixing  sawdust  with  clay,  the  sawdust  being  removed  in  the  process  of  burning. 
Semi-porous  tiling  is  also  made  of  fire  clay  to  which  a  percentage  of  coarsely  ground  bitumi- 
nous coal  is  added  before  burning.  Of  the  three  grades,  porous  hollow  tile  is  the  best  non- 
conductor of  heat  and  the  lowest  in  compressive  strength.  The  chief  weakness  of  hollow  tile 
with  thin  walls  and  webs  lies  in  the  liability  of  the  breaking  away  of  the  exposed  face  due 
to  sudden  and  unequal  expansion.  Its  many  advantages,  however,  have  led  to  its  wide  use  in 
building  construction. 


Sec  ZSdl  STRUCTURAL  DATA  339 

Sd.  Plaster. — Ordinary  lime  plaster  is  a  good  non-conductor  of  heat  but  in 
severe  fires  does  not  remain  in  place.  A  single  layer  may  be  considered  as  a  fire-retardant  or 
coating  for  other  fire  -resisting  materials.  Very  httle  reliance  should  be  placed  upon  a  single 
layer;  a  double  covering,  of  plaster  on  metal  lath,  separated  by  air  spaces,  is  much  more  effec- 
tive as  a  covering  for  steel. 

Be,  Gypsum. — The  calcination  of  gypsum  (CaS04.2H20)  forms  Plaster  of 
Paris  (CaSOi-HHaO).  This  material  is  used  in  various  forms  of  protective  coverings.  Its 
coefficient  of  expansion  is  low  and  as  a  non-conductor  of  heat  is  one  of  the  best  materials.  Plain 
blocks  have  a  tendency  to  become  calcined  in  intense  heat  and  the  softened  surface  does  not 
withstand  the  action  of  hose  streams.  The  prepared  or  hard  wall  plasters,  being  similar  in 
composition  to  gypsum  blocks,  form  a  better  bond  for  the  joints  than  cement  mortar  and  are 
more  satisfactory. 

9.  S^ection  of  Protective  Covering. — The  fire  risk  will  vary,  depending  upon  the  contents, 
the  use  of  the  building,  and  the  external  hazards.  A  machine  shop,  foundry,  or  structural  shop, 
containing  no  combustible  material  and  having  no  external  hazard,  may  require  no  protection 
of  its  framework  from  fire.  The  lower  floors  of  office  or  store  buildings  are  more  often  subject 
to  fire  because  of  the  location  of  the  heating  system  or  accumulation  of  waste  or  inflammable 
material  in  basements.  Partial  protection  is  of  some  value.  Plaster  on  metal  lath  will  protect 
structural  steel  for  a  while  in  a  fire  but  the  destruction  of  the  covering  and  the  exposure  of  the 
steel  to  the  fire  becomes  merely  a  question  of  the  intensity  and  duration  of  the  exposure.  Many 
considerations  besides  the  character  of  the  materials  affect  the  selection  of  the  fireproofing.  Too 
often  the  first  cost  governs  the  selection  and  the  result  is  a  low-grade  covering.  As  a  rule,  if  it 
is  decided  that  reinforced  concrete  is  the  cheapest  and  best  for  the  floor  construction,  the  same 
material  will  be  used  for  the  protection  of  the  columns — likewise  for  hollow  tile.  Combinations, 
however,  are  frequently  used.  Portland  cement  concrete  and  hollow  tile  besides  having  ex- 
cellent fire  resisting  qualities  serve  for  the  structural  parts  and  arc  the  materials  most  commonly 
used. 

10.  Thickness  of  Protective  Covering. — The  thickness  of  the  covering  required  varies  with 
the  exposure  and  the  importance  of  the  member.  Floors  on  which  quantities  of  combustible 
materials  are  stored  should  have  protection  in  proportion  to  the  severity  and  duration  of  the 
fire.  Columns  are  the  most  vital  members  of  a  building  and  should  receive  the  most  protection. 
Steel  near  exterior  window  or  door  openings  is  subject  to  severe  exposure  and  should  be  covered 
with  a  thickness  greater  than  for  the  floor  joists.  The  sections  of  the  Chicago  Building  Ordi- 
nance* relating  to  columns  and  floors  are  as  follows: 

F-irtproo/  MaUriaL — The  material  which  shall  be  considered  as  filling  the  conditions  of  fireproof  covering  are: 
(1)  burnt  brick;  (2)  tilee  of  burnt  clay;  (3)  approved  cement  concrete;  (4)  terra  cotta. 

In  all  cases,  the  brick  or  hollow  tile,  solid  tile  or  terra  cotta  shall  be  bedded  in  cement  mortar  close  up  to  the 
iron  or  steel  member  and  all  joints  shall  be  made  full  and  solid. 

Exterior  Column*. — (a)  All  iron  or  steel  used  as  vertical  supporting  members  of  the  external  construction  of 
any  building  exceeding  50  ft.  in  height  shall  be  protected  against  the  effects  of  external  change  of  temperature,  and 
of  fire  by  a  covering  of  fireproof  material  consisting  of  at  least  4  in.  of  brick,  hollow  terra  cotta,  concrete,  burnt 
clay  tiles,  or  of  a  combination  of  any  two  of  these  materials,  provided  that  their  combined  thickness  is  not  less  than 
4  in.  The  distance  of  the  extreme  projection  of  the  metal,  where  such  metal  projects  beyond  the  face  of  the  column, 
shall  be  not  lees  than  2  in.  from  the  face  of  the  fireproofing;  provided,  that  the  inner  side  of  external  columns  shall 
be  fireproofed  as  hereafter  required  for  interior  columns. 

(b)  Where  stone  or  other  incombustible  matei^l  not  of  the  type  defined  in  this  ordinance  as  fireproof  material 
is  used  for  the  external  facing  of  a  building,  the  distance  between  the  back  of  the  facing  and  the  extreme  projection 
of  the  metal  of  the  c(^umn  proper  shall  be  at  least  2  in.,  and  the  intervening  space  shall  be  filled  with  one  of  the 
fireiM'oof  materials. 

(c)  In  all  oases*  the  brick,  burnt  clay,  tile,  or  terra  cotta,  if  used  as  a  fireproof  covering,  shall  be  bedded  in 
cement  mortar  close  up  to  the  iron  or  steel  members,  and  all  joints  shall  be  made  full  and  solid. 

Interior  Columne. — (a)  Covering  of  interior  columns  shall  consist  of  one  or  more  of  the  fireproof  materials 
herein  described. 

(b)  If  such  covering  is  of  brick  it  shall  be  not  less  .than  4  in.  thick;  if  of  concrete,  not  less  than  3  in.  thick;  if  of 
biimt  clay  tile,  such  covering  shall  be  in  two  consecutive  layers,  each  not  Iras  than  2  in.  thick,  each  having  one  air 
apace  of  not  less  than  H  in.,  and  in  no  such  burnt  clay  tile  shall  the  burnt  clay  be  less  than  ^  in.  thick;  or  if  of 
porous  day  solid  tiles«  it  shall  consist  of  at  least  two  consecutive  layers,  each  not  less  than  2  in.  thick;  or  if  con- 

1  Revised  Bwlding  Ordinances  of  the  City  of  Chicago,  as  amended  Feb.  20,  1011. 
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stituted  of  a  combination  of  any  two  of  these  materialB,  one-half  of  the  total  thickness  required  for  each  of  the 
materials  shall  be  apidied,  provided  that  if  concrete  is  used  for  such  layer  it  shall  not  be  less  than  2  in.  thick. 

(c)  In  the  case  of  columns  having  an  "  H"  shaped  cross  section  or  of  columns  having  any  other  cross  section 
with  channels  or  chases  open  from,base  plates  to  cap  plates  on  one  or  more  sides  of  the  columns,  then  the  thickneas 
of  the  fireproof  covering  may  be  reduced  to  2>$  in.,  measuring  in  the  direction  in  which  the  flange  or  flanges 
project,  and  provided  that  the  thin  edge  in  the  projecting  flange  or  arms  of  the  cross  sections  does  not  ezeeed 
5^  in.  in  thickness.  The  thickness  of  the  fireproof  covering  on  all  surfaces  measuring  more  than  ^  in.  wide  and 
measuring  in  a  direction  perpendicular  to  such  surfaces  shall  not  be  less  than  that  specified  for  interior  cdlumns  in 
the  beginning  of  this  section,  and  all  spaces,  including  channels  or  chases  between  the  fireproof  covering  and  the 
metal  of  the  columns,  shall  be  filled  solid  with  fireproof  material.  Lattice  or  other  open  columns  shall  be  com- 
pletely filled  with  approved  cement  concrete. 

Wiring  Clay  Tiling  on  Columna. — (a)  Burnt  clay  tile  column  covering  shall  be  secured  by  winding  wire  around 
the  columns  after  the  tile  has  been  set  around  such  colimins.  The  wire  shall  be  securely  wound  around  tile  in  such 
manner  that  every  tile  is  crossed  at  least  once  by  a  wire.  If  iron  or  steel  wire  is  used  it  shall  be  galvanised  and  no 
wire  used  shall  be  less  than  number  twelve  gage. 

(6)  In  places  where  there  is  trucking  or  wheeling,  or  handling  of  packages  of  any  kind,  the  lower  5  ft.  of  every 
column  encased  with  hollow  tile  shall  be  encased  in  a  protective  covering  of  No.  16  U.  S.  gage  steel  embedded  in 
concrete. 

Pipea  Endoaed  by  Covering. — (a)  Pipes  shall  not  be  enclosed  in  the  fireproofing  of  columns  or  of  other  structural 
members  of  any  fireproof  building;  provided,  however,  gas  or  electric  light  conduits  not  exceeding  ^-in.  diameter 
may  be  inserted  in  the  outer  ^  in.  of  the  fireproofing  of  such  structural  member,  where  such  fireproofing  is  entirely 
composed  of  concrete.  x 

(b)  Pipes  of  conduits  may  rest  on  the  tope  of  the  steel  floor  beams  or  girders,  provided,  they  are  embedded  in 
cinder  concrete  to  which  slaked  lime  equal  to  5  %  of  the  volume  of  the  concrete  has  been  added  before  mixing 
or  their  being  embedded  in  stone  concrete. 

Coverings  of  Beams,  Oirdere,  and  Trusses. — (a)  The  metal  beams,  girders,  and  trusses  of  the  interior  structural 
parts  of  a  building  shall  be  covered  by  one  of  the  fireproof  materiab  hereinbefore  specified  so  applied  as  to  be  sup- 
ported entirely  by  the  beam  or  girder  protected,  and  shall  be  held  in  place  by  the  support  of  the  flanges  of  such 
beams  or  girders  and  by  the  cement  mortar  used  in  setting. 

(6)  If  the  covering  is  of  brick,  it  shall  be  not  less  than  4  in.  thick;  if  of  hollow  tiles  or  if  of  solid  porous  tiles* 
or  if  of  terra  cotta,  such  tiles  shall  be  not  less  than  2  in.  thick  applied  to  the  metal  in  a  bed  of  cement  mortar; 
hollow  tiles  shall  be  constructed  in  such  manner  that  there  shall  be  one  air  space  of  at  least  ^  in.  by  the  width  of 
the  metal  surface  to  be  covered  within  such  day  coverings;  the  minimum  thickness  of  concrete  on  the  bottom 
and  sides  of  the  metal  shall  be  2  in. 

(e)  The  tope  of  all  beams,  girders,  and  trusses,  shall  be  protected  with  not  less  than  2  in.  of  concrete  or  1  in. 
of  burnt  clay  bedded  solid  on  the  metal  in  cement  mortar. 

(d)  In  all  oases  of  beams,  girders,  or  trusses,  in  roofs  and  floors,  the  protection  of  the  bottom  flanges  of  the 
beams  and  girders  and  so  much  of  the  web  of  the  same  as  is  not  covered  by  the  arches  shall  be  made  as  herein- 
before specified  for  the  covering  of  beams  and  girders.  In  every  case  the  thickness  of  the  covering  shall  be  mea- 
sured from  the  extreme  projection  of  the  metal,  and  the  entire  space  or  spaces  between  the  covering  and  the  metal 
shall  be  filled  solid  with  one  of  the  fireproof  materials,  excepting  the  air  spaces  in  hollow  tile. 

(«)  Provided,  however,  that  all  girders  or  trusses  when  supporting  loads  from  more  than  one  story  shall  be 
fireproofed  with  two  thicknesses  of  fireproof  materials  or  a  combination  of  two  fireproof  materials  as  required  for 
exterior  columns,  and  such  covering  of  fireproof  material  shall  be  bedded  solid  in  cement  mortar. 

FIRE-RESISTIVE  COLUMN  CONSTRUCTION 

By  Frank  C.  Thiessen 

IL  ReiiifcM'ced  Concrete  Columns. — Reinforced  concrete  columns  are  treated  in  Sect.  2. 
The  Joint  Committee  on  Concrete  and  Reinforced  Concrete  recommends  that  concrete  rein- 
forcement be  protected  by  a  minimum  of  2  in.  of  concrete. 

12.  Covering  for  Cylindrical  Columns. — Cross-sectional  forms  of  tile  for  encasing  cylin- 
drical columns  are  shown  in  Figs.  1  to  3  inclusive.  These  blocks  are  made  in  segments  of  a 
circle  and  of  varying  sizes,  allowing  a  space  between  the  block  and  the  surface  of  the  column. 
The  tile  should  be  arranged  to  break  joints.  The  designs  shown  in  Figs.  3  and  4  have  ribs  on 
the  inner  face  to  aid  in  the  setting  of  the  tile  and  to  maintain  a  space  of  uniform  width  around 
the  column.  If  the  colimins  are  of  cast  iron,  the  space  may  be  left  unfilled  to  act  as  a  "dead 
air  space."  To  be  effective  in  this  respect,  however,  the  space  should  be  sealed  tight.  For  steel 
columns,  the  space  should  be  filled  solid  as  a  protection  against  corrosion.  To  make  the  anchor- 
age of  the  tile  covering  to  the  column  more  secure  against  the  action  of  fire  streams  or  falling 
d6bris  during  a  fire,  galvanized  iron  wire  should  be  tightly  wound  around  the  column  so  as  to 
cross  each  tile  at  least  once.     Fig.  5  shows  an  effective  method  of  protection  if  plaster  is  to  be 
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a  double  covering  of  cement  plaster  on  metal  lath  separated  by  and  at- 
tached to  metal  fumng  stripe,  forming  two  air  apacee.  A  single  layer  ia  not  considered  fire- 
proof. The  double  layer  with  the  air  Bpaces  not  only  makee  the  construction  more  fire-re- 
siatant  but  also  forms  a  better  arrangement  to  reeist  the  action  of  fire  streams.  Itwillbenoted 
that  this  column  is  not  thoroughly  protected  from  corrosion. 


FlQ.    1 


Pio.  IS.— "Monarch"  tOeblDok. 


U.  Covetingfl  for  Various  Steel  Columns. — Three  sections  of  hollow  tile  used  for  column 
covering  are  shown  in  Figs.  6,  7,  and  8  Two  of  these  shapes  have  a  rounded  comer.  The 
application  of  tile  to  various  common  shapes  of  columns  is  shown  in  Figs.  9,  10,  11,  12, 
and  13.  If  pipes  or  wiring  are  to  be  protected  or  concealed  in  a  space  alongside  a  column,  the 
column,  nevertheless,  should  be  encased  on  ail  sides  as  shown  in  Fig.  14.     Failure  to  provide 
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the  inner  layer  adjacent  to  the  steel  column  has  been  demonstrated  to  be  bad  practice.  With 
the  arrangement  shown,  temporary  removal  of  the  casing  around  the  pipe  space  for  the  purpose 
of  inspection  for  repairs  will  not  leave  the  column  exposed.  The  protection  of  the  pipe  is  ordi- 
narily not  as  important  as  that  of  the  main  strength  members  and  accordingly  the  thickness 
of  covering  required  may  be  somewhat  less  provided  the  pipes  are  set  3  or  4  in.  inside  the  casing. 
14.  Hollow  Tile  Columns. — Fig.  15  shows  a  form  of  hollow  tile  having  webs  and  walls 
about  twice  as  thick  as  ordinary  hollow  tile.  These  blocks  are  made  in  one  siase,  8J^  X  4  X  8 
in.,  or  about  the  size  of  4  ordinary  building  bricks.  Columns  of  these  blocks  may  be  built  up 
in  square  or  rectangular  cross  section,  varying  from  8M  to  31  in.  square.  The  height  of  the 
column  should  not  exceed  12  timc^  the  least  dimension. 

Table  For  ** Monarch"  Tilb  Block  Columns 


.  Sise  of  column 

Safe  load 

No.  of  tile  in 

Now  of  tile 

Weight  of  column 

(inches) 

(pounds) 

cross  section 

per  lin.  ft. 

per  lin.  ft. 

31       X  31 

612,500 

24H 

36H 

612 

31       X  26H 

525.000 

21 

31H 

525 

26>j  X  26>i 

450,000 

18 

27 

450 

2QH  X  22 

375,000 

15 

22H 

375 

22       X  22 

312.500 

12H 

18^ 

312H 

22      X  17H 

260.000 

10 

15 

250 

17H  X  17H 

200.000 

8 

12 

200 

17H  X  13 

150,000 

6 

9 

150 

13      X  13 

112.500 

4H 

6^ 

112>i 

13      X    SH 

75.000 

3 

4H 

75 

8H  X    8H 

50.000 

2 

3 

50 

FIRE-RESISTIVE  FLOOR  CONSTRUCTION 
By  Frank  C.  Thiesben 

16.  Requirements  of  a  Fire-resistive  Floor. — A  fire-resistive  floor  should  withstand  a  fire 
destroying  the  combustible  contents  of  a  building  with  no  damage  to  the  structural  parts  and 
with  no  more  than  slight  damage  to  the  tnaterial  used  for  the  protective  covering.  It  goes 
almost  without  sa3ring  that  the  floor  should  support  its  full  safe  load  at  all  times  without  exces- 
sive deflection.  The  floor  should  be  water-tight  to  prevent  damage  by  water  to  the  contents 
of  floors  below.  As  ordinarily  constructed,  floors  of  hollow  tile  or  brick  are  very  permeable; 
water  will  make  its  way  through  cinder  fill;  cracks  in  concrete  or  tiled  floors  may  allow  water 
to  reach  the  floor  below.  Ordinary  plaster  is  usually  removed  either  by  the  fire  or  by  hose 
streams.  Most  forms  of  plaster  or  gypsum  blocks,  although  serving  to  protect  the  steel  frame- 
work from  heat,  may  require  reconstruction  after  the  combined  action  of  fire  and  water.  Some 
repairs  are  to  be  expected  even  with  the  best  of  materials  for  no  material  can  resist  the  prolonged 
action  of  intense  heat  and  water  applied  when  the  parts  are  hot. 

16.  Fire  Tests. — The  proper  manner  of  using  the  various  fire-resisting  matcriab  in  the 
construction  of  fire-resistive  floors  has  been  developed  by  observation  and  study  of  many  build- 
ings after  fires  or  conflagrations  and  by  fire  tests  of  small  units.  By  far  the  greatest  number 
of  tests  of  types  of  floor  panels  has  been  made  under  the  auspices  of  the  New  York  City  authori- 
ties according  to  specifications  of  the  New  York  Building  Ordinance.  A  brief  description  of  the 
essential  features  of  tests  and  the  requirements  for  acceptance  will  indicate  what  is  expected  of  a 
fire-resisting  floor.  A  platform  or  floor  is  constructed  within  enclosure  walls  with  the  same 
quality  of  materials  and  workmanship  employed  in  actual  practice.  This  floor,  designed  for 
and  carrying  a  distributed  load  of  150  lb.  per  sq.  ft.,  is  subjected  to  a  continuous  wood  fire  below 
the  floor  maintained  at  an  average  temperature  of  1700  deg.  F.  for  4  hr.  At  the  end  of  that 
time  the  underside  of  the  hot  floor  is  subjected  to  a  13^-in.  stream  of  water  at  60-lb.  nozzle 
pressure  for  6  min. ;  after  which  the  upper  side  of  the  floor  is  flooded  with  water  at  low  pressure; 
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and  then  the  stream  of  water  under  preaaure  is  again  applied  to  the  underside  of  the  floor  for 
5  min.  After  coohng,  the  distributed  load  is  increased  to  600  lb.  per  sq.  ft.  and  the  deflections 
noted.  The  Standard  Test'  for  fireproof  floor  construction  of  the  American  Society  for 
Testing  Materials,  which  is  essentially  the  eame  as  the  teat  of  the  New  York  City  Bureau  of 
Buildugs  and  the  British  Fire  Prevention  Committee,  preecribeB  that  "the  tests  shall  not  be 
regarded  as  successful  unless  the  following  conditions  are  met:  No  fire  or  amoke  shall  pass 
through  the  floor  during  the  teat;  the  floor  shall  safely  sustain  the  loads  prescribed;  the  per- 
manent deflection  shall  not  exceed  %  in.  for  each  foot  of  span  in  either  slab  or  beam."' 

17.  Scuppers. — The  floors  o!  storage  warehouses,  mills,  or  factories,  containing  merchan- 
dise or  stock  subject  to  damage  by  water,  should  be  impervious  and  should  be  provided  with 
interior  drains  or  scuppers  placed  in  the  exterior  walla  for  the  ready  and  quick  escape  of  water 
from  sprinkler  heads,  bursted  pipes,  or  hose.  The  scuppers  should  be  of  cast  iron  with  an  open- 
tug  at  the  floor  level  of  about  4X12  in.,  eloping  downward,  at  a  pitch  of  2%  in.  to  the  foot  to 
the  opening  beyond  the  edge  of  the  wall.  Brackets  or  guards  may  be  used  to  prevent  the  open- 
ing from  being  covered  or  clogged  by  material  being  placed  against  it.  Flap  covers  allowing 
the  water  to  escape  readily  without  permitting  a  circulation  of  air  along  the  surface  of  the  floor 
are  used  at  the  openings.     Two  designs  of  scuppers  are  shown  in  figs.  16  and  17. 


18.  Reinforced  Concrete  Floors. — Reinforceo  concrete  floors  are  treated  in  other  chapters 
in  this  section  and  in  Sect.  2.  The  Joint  Committee  on  Concrete  and  Reinforced  Concrete 
recommends  that  concrete  reinforcement  be  protected  by  a  minimum  of  2  in.  of  concrete  on 
girders,  1^  in.  on  beams,  and  1  in.  on  floor  slabs. 

X%.  I^tectioil  of  Steel  Girders. — Steel  girders  having  a  greater  depth  than  the  floor  joists 
and  projecting  below  the  floors  may  be  subject  to  extremely  severe  exposure  during  a  fire.  The 
lower  flange  should  be  covered  with  at  least  2J^  in.  of  solid  tile  construction  to  4  in.  of  hoUom 
tile,  depending  on  the  exposure  and  the  importance  of  the  member.  If  the  member  is  d^p 
enough  so  that  the  web  is  exposed  below  the  floor,  the  apace  above  the  flange  or  flanges  should 
be  filled  flush  with  the  fire-resiating  material.  Sharp  corners  are  subject  to  unequal  heating  and 
usually  spall  more  than  flat  surfaces  or  rounded  comers.  Figa.  18  to  21  inclusive  show  typical 
'  Y«r  Book,  hm.  Boo.  lai  Testing  MaUrUls. 
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coverings  for  various  requirements  of  girders  used  in  floor  construction.  If  concrete  is  used 
for  the  fire-protective  covering  the  steel  girders  should  be  wrapped  with  a  wire  mesh  to  reinforce 
and  bond  the  covering  to  the  member.  See  Art.  68  (c)  for  various  types  of  steel  frame  floors 
fire-proofed  with  concrete. 

20.  Brick  Arch  Floor  Constructioii. — A  brick  arch  may  be  built  between  steel  floor  beams  to 
support  heavy  loads.  Tie-rods,  connecting  the  beams,  are  used  to  take  the  thrust  and  should 
be  covered  with  a  thickness  of  at  least  2)4  in.  of  fire-resistive  material.  The  brick  are  laid  in 
cement  mortar  and  set  so  as  to  break  joints.  The  space  between  the  arch  and  the  floor  is  filled 
to  a  level  with  one  of  the  fire-resistive  materials,  usually  concrete.  Although  this  type  of  con- 
struction is  excellent  in  its  resistance  to  fire,  it  is  heavy  and  expensive.  It  has  been  used  in  the 
warehouse  type  of  building  where  appearance  of  the  imderside  of  the  floor  is  not  objectionable. 

2L  Terra  Cotta  or  Tile  for  Floor  Arches. — Hollow  terra  cotta  or  tile  blocks  are  made  in  a 
great  variety  of  shapes  and  sizes  for  the  various  requirements  of  floor  construction.  Having 
parallel  sides  or  edges,  the  blocks  are  adapted  to  use  between  the  floor  members  of  square  or 
rectangular  floor  panels.  Irregular  shaped  panels  or  irregular  spaces  created  by  openings  in  the 
floor  are  somewhat  difficult  to  fill  with  the  regular  units  of  tile.  If  the  space  is  so  irregular  that 
much  patchwork  is  required,  the  covering  of  the  steelwork  may  be  imperfectly  done  and  there 
is  also  the  possibility  of  tile  not  being  placed  in  position  to  develop  its  maximum  strength.  If 
the  floor  beams  are  parallel,  or  nearly  so,  the  tile  are  easily  and  rapidly  laid,  and  without  great 
interference  or  delay  to  other  work  in  the  building. 

Porous  tile  is  the  best  from  the  standpoint  of  resistance  to  fire  but  does  not  possess  as  great 
strength  as  the  harder  grades.  Semi-porous  tile  is  extensively  used  for  floor  arches  because  it 
combines  adequate  strength  with  satisfactory  fire-resistive  qualities. 

22.  Hollow  Tile  Flat  Arch. — In  Fig.  22  is  shown  a  perspective  view  of  a  hollow  tile  flat- 
arch  floor  with  the  tile  laid  side  to  side  and  breaking  joints.  The  openings  or  cells  of  the  tile  run 
parallel  to  the  beams.  In  this  type,  called  side-construction,  the  breaking  of  a  single  block  or 
its  removal  will  not  greatly  impair  the  strength  of  the  arch  beyond  the  block.  Fig.  23  is  an  illus- 
tration of  so-called  end  construction  of  a  flat  arch,  using  a  key  block  placed  as  in  the  side  con- 
struction. In  this  type  the  tile  is  placed  in  the  proper  position  to  transmit  the  thrust  directly 
through  the  webs  and  walls  to  the  steel  beam.  It  is  evident  that  the  blocks  should  be  set  in  line 
and  that  the  joints  should  be  well  bedded  with  cement  mortar. 


Table  op  Weights  and  Spans  foe  End-construction  Arch* 


Depth  of  arch 
(inchee) 

Weight 
(pounds  per  square  foot) 

Maximum  safe  spans 

(feet) 

* 

(inches) 

6 

7 

8 

9 

10 

12 

14 

15 

16 

26 
30 
82 
36 
38 
44 
50 
54 
55 

4 

4 
5 
6 
6 
8 
0 
0 
10 

0 

0 

0 

0    , 

6 

0 

0 

6 

0 

The  strength  of  any  arch  depends  as  largely  on  workmanship  as  on  materials,  therefore  the  maximum  spans 
given  can  be  used  only  where  experienced  workman  are  employed  and  the  work  is  guaranteed  by  a  responsible 
contractor. 

The  end  block,  shown  enlarged  in  Fig.  24,  is  objectionable  because  it  may  not  offer  as  great 
protection  from  fire  to  the  lower  flange  of  the  beam,  and  may  not  be  smoothly  and  firmly  bedded 
at  the  floor  member.  Using  the  skew  shown  in  the  side  construction  and  combining  with  a 
key  block  and  lengtheners  set  endwise,  we  have  the  type  of  floor  arch  most  commonly  used  (Mg. 
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25).  The  bottom  flange  ia  oovered  with  a  soffit  block  having  an  air  spooe  and  which  is  attached 
to  the  Sange  by  oUp^and  thoroughly  bedded  in  cement  mortar.  The  tile  are  scored  to  provide 
a  bond  for  the  plaster  which  is  applied  directly  to  the  tile.  The  screeds  or  sleepers,  to  which  the 
flooring  ia  nailed  may  be  of  2  X  2  in.,  2X3  in.,  or  2  X  4  in.  beveled  or  dovetfuled  to  remain  in 
place  in  the  concrete  filling  over  the  tile.  These  nailing  stripe  may  rest  directly  on  the  steel 
joists  or  may  be  held  in  position  above  the  upper  flanges  by  sheet  metal  clips  notched  to  fit  the 


Fio.  23.— Hollo*  tils  flat  afob— mdo  conitniotion. 


type  ol  boUow  tils  flat  ueh. 


Pia,  26. — Stnplei  floor  aioh. 

upper  flange  and  nailed  to  the  aides  of  the  nailing  strips.     Cinder  concrete  ia  commonly  used 
for  the  filling. 

as.  Simplex  Floor  Arch. — This  flat  arch  ia  of  the  aide-construction  type  havii^  tile  with 
luge  at  the  bottom  eaige  to  form  a  space  or  recesa  into  which  cement  mortar  may  be  grouted 
with  a  trowel.  Fig.  26  abowa  a  cross  section  of  the  arch  with  a  form  of  support  or  centering 
uaed  in  setting  tile  in  flat-arch  floors. 
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U.  New  York  Reinforctd  TOe  Floor. — A  type  of  oonatnictiou  known  as  the  "  New  York  " 
R^nforced  End-cooBtruction  Arch  is  shown  in  Fig.  27.  It  ia  intended  to  be  used  in  light  floors, 
especially  for  residences,  apBrtment  houses,  &nd  hotels.  It  is  adapted  to  wide  spans,  in  which 
some  tension  may  exist  at  the  center  of  the  span.  A  woven  wire  reinforcement  (F^.  28)  is 
embedded  in  the  cenient  mortar  between  rows  and  near  the  lower  surface  of  the  tile.  This 
steel  is  shipped  in  reels  and  is  cut  to  the  proper  length  on  the  job  as  required.  Testa  by  the  Bu- 
reau of  Buildings  of  New  York  City  have  indicated  that  a  live  toad  of  150  lb.  may  be  used  for 
6-in.  tile  of  6-ft.  span,  and  for  ^in.  tile  of  7  ft.  6-in.  span. 


Fio.   ZS.— R^inl 


FiQ.  29.— HerculBi. 


Pia.  30. — SfgmenUI  u 


3B.  HerculeanFUtArch.— This  system  consists  of  12  X  12-in.  blocks  of  semi-poroua  terra 
cotta,  of  6,  8,  10,  or  12-in.  depth  according  to  span,  combined  with  steel  reinforcement.  It  is 
adapted  to  wide  spans  in  which  beam  action  requires  the  use  of  steel  at  the  fop  or  bottom.  The 
reinforcement  conaists  of  a  T-shapcd  steel  bar,  i}4  X  IH  X  Ha  m.,  embedded  in  cement  moi« 
tar  in  a  groove  in  the  side  of  the  block.  For  arches  of  greater  depth  than  8  in.,  two  T-bars  are 
used  as  shown  in  Fig.  29. 

S6.  Segmental  Arches. — Fig.  30  shows  a  hollow  tile  arch.  This  type  of  floor  construc- 
tion may  be  used  where  load-i  arc  heavy,  as  in  warehouses,  factories  or  lofts.  Tie-rods  are  re- 
quired to  take  the  thrust.  The  netting  of  the  tile  and  the  placing  and  covering  of  the  tie-rods 
make  the  segmental  arch  type  much  more  difficult  to  construct  than  the  flat  arches.  A  plas- 
tered ceiling  may  be  suspended  from  the  arch. 
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FOUNDATIONS 
By  T.  Kennabd  Thomson 

The  foimdation,  as  applied  to  buildings,  bridges,  etc.,  is  considered  as  that  portion  of  the 
structure  resting  on  the  rock  or  soil.  The  foundation  work  generally  includes  the  excavation 
to,  and  preparation  of,  the  rock  or  subsoil  and  the  placing  of  concrete,  brick,  or  other  footings 
thereon. 

27.  Preliminary  Investigations. 

27a.  Personal  Survey  of  Site. — Before  making  any  plans,  a  personal  inspection 
of  the  site  is  necessary.  No  rules  or  regulations  can  take  the  place  of  this,  for  every  site  has  its 
own  peculiar  environments  which  greatly  affect  its  adaptability  for  foundations.  A  site  in  a 
vacant  block,  for  instance,  requires  very  different  treatment  to  one  with  high  buildings  around 
it;  likewise,  a  site  near  a  stream  of  water,  or  even  in  the  bed  of  an  old  stream  long  since  diverted, 
requires  more  than  ordinary  consideration. 

If  the  plot  hMB  high  hills  surrounding  or  nearby,  an  enormous  unexpected  pressure  may  be  exerted  on  the 
foundations.  For  example,  a  well  built  culvert  having  walls  10  ft.  thick  and  supported  by  1600  piles,  under  an 
embankment  on  the  Erie  Railroad,  was  badly  wrecked  after  completion  by  the  piles  being  forced  sideways  by  the 
movement  of  a  soft  strata,  which  caused  one  end  of  the  tunnel  to  move  10  ft.  horison tally  and  then  back  2  ft.,  while 
the  other  end  moved  2}4  ft.  in  the  opposite  direction.  The  cause  of  this  distortion  was  the  action  of  the  water  from 
the  surrounding  lulls  on  a  soft  bed  of  clay  some  distance  below  the  surface.  The  tope  of  these  hills  were  200  ft. 
or  so  above  the  culvert.  In  this  case  the  probabilities  are  that  if  the  piles  had  been  omitted  the  culvert  would  not 
have  been  destroyed,  as  the  movement  was  in  a  strata  below  the  surface  and  carried  the  piles  with  it.  It  is  inter- 
esting to  note  that  evidence  of  glacial  deposits  of  hardpan  were  foxmd  on  the  adjacent  hills  over  1200  ft.  above  the 
sealeveL 

The  above  case  is  cited  simply  to  show  that  a  careful  inspection  by  a  trained  observer  should  always  precede 
the  mechanical  investigations,  or  much  better  still,  before  the  site  is  even  purchased.  Such  precautions  would 
save  in  the  aggr^ate  many  millions  of  dollars,  as  good  locations  can  often  be  as  easily  and  cheaply  secured  as  bad 
or  unsafe  ones. 

276.  Rod  Test. — If  the  site  for  the  building  has  already  been  selected  where  the 
ground  is  more  or  less  soft,  it  would  be  advisable  to  ascertain  the  approximate  depth  of  the 
soft  strata,  for  if  it  were  only  a  few  feet,  with  a  good  gravel,  rock,  or  other  stable  material  near 
the  surface,  it  would  be  worth  while  to  continue  the  excavation  to  the  more  reliable  material. 
A  simple  way  to  ascertain  this  is  to  drive  a  steel  rod  or  crowbar  into  the  ground.  If  the  rod 
only  penetrates  a  few  feet,  more  definite  means  shoidd  be  taken  to  ascertain  the  nature  of  the 
material  under  the  surface,  whereas  if  it  penetrates  many  feet,  the  nature  of  the  building  might 
be  such  that  it  would  not  pay  to  carry  the  foundations  to  a  hard  bottom  at  that  site,  and  the 
character  of  the  building  might  also  be  such  that  there  would  be  no  object  in  going  deeper  than 
the  frost  or  other  requirements  necessitate.  *  In  some  cases,  the  rod  may  be  driven  30  ft.  or 
more,  but  at  the  best,  this  method  simply  indicates  that  a  hard  foundation  cannot  be  obtained 
at  a  reasonable  depth. 

27c.  Auger  Borings. — The  driving  of  a  steel  rod  or  crowbar  stops  on  the  first 
obstruction  and  would  not  indicate  that  below  this  obstruction,  be  it  clay,  gravel,  boulder,  or 
stump,  there  is  not  another  soft  strata.  An  ordinary  wood  auger  is  often  used  where  more 
definite  information  is  required.  The  auger  will  often  penetrate  100  ft.  or  more  and  brings  up 
fairly  reliable  samples.  The  auger,  however,  is  chiefly  of  use  in  fine  sand  or  clay  and  stops  on  the 
first  obstruction  encountered. 

27d.  Wash  Borings. — When  the  material  is  too  hard  or  compact  to  get  good 
results  from  the  rod  or  auger,  wash  borings  are  frequently  made.  The  simplest  method  is  to 
use  a  gas  pipe  into  which  water  is  forced  and  allowed  to  escape  at  the  bottom  as  the  pipe  is 
worked  up  and  down  by  one  or  two  men  holding  it.  A  more  effective  method  is  to  have  a 
larger  pipe — say,  2  to  4  in.  in  diameter — which  is  driven  down  by  a  sort  of  miniature  pile 
driver  (generally  in  the  shape  of  a  tripod)  with  a  smaller  water  jet  pipe  working  inside  of  the 
larger  or  casing  pipe.  The  continual  flow  of  water  brings  the  material  to  the  surface  where  it  is 
carefully  collected  and  tabulated  so  that  a  plan  can  be  prepared  showing  the  various  stratas 
passed  through. 
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In  washing  up  the  materials,  clay  is  apt  to  disappear  and  the  coarse  material  to  be  sepa- 
rated from  the  finer  so  it  is  rather  difficult  to  be  sure  that  the  samples  really  show  the  nature 
of  the  ground.  Wash  borings,  however,  are  in  many  cases  sufficiently  reliable  for  the  purpose; 
cost  very  much  less  than  core  borings;  and  may  be  carried  down  100  ft.  or  more. 

As  a  general  mle,  men  who  make  wash  borings  cbum  that  they  stopped  on  rock  or  a  boulder — but  it  is  nearly 
always  a  boulder.  An  experienced  man  who  knows  the  nature  oi  the  rook  at  that  site  can  often  tell  if  he  has 
really  reached  bed  rock,  especially  if  it  is  a  soft  rock,  like  micaceous  gneiss  which  easily  chips  off  and  is  washed 
out.  One  of  the  few  cases  where  wash  borings  always  reached  bed  rock  was  for  the  Pennsylvania  Tunnel  in  New 
York  City,  under  Thirty-third  Street.  In  this  case  wherever  a  boulder  was  encountered  a  small  stick  of  dynamite 
was  dropped  down  the  hole  to  shatter  and  remove  the  boulder.  In  lower  New  York  the  operator  nearly  alwasrs 
claims  that  he  has  reached  bed  rock  when,  as  a  matter  of  fact,  he  is  at  or  near  the  top  of  the  hardpan.  After  being 
badly  deceived  once  or  twice,  an  experienced  contractor  will  never  agree  to  carry  his  foundations  to  bed  rock  on 
the  evidence  of  wash  borings — but  will  only  contract  to  go  to  the  depth  Indicated  by  the  borings,  if  for  a  lump 
sum,  with  so  much  per  cubic  yard  for  extra  work  below  these  depths. 

27e.  Diamond  Drill  Borings. — Diamond  drill  or  core  borings  are  used  where 
it  is  necessary  to  be  absolutely  sure  as  to  the  depth  of  the  bed  rock  and  the  nature  of  it.  These 
borings  are  obtained  by  having  a  cutter  which  is  hard  enough  to  cut  out  a  core  of  even  the  hardest 
rock  and  bring  it  to  the  surface.  The  cutting  tool  is  made  of  diamond,  shot,  or  fragments  of 
chilled  cast  iron.  These  cores  are  sometimes  about  1  in.  in  diameter  and  from  a  fraction  of  an 
inch  to  5  or  10  ft.  long. 

An  experienced  operator  shoiild  never  have  any  difficulty  in  telling  whether  his  sample  is  from  a  boulder  or 
bed  rock — for,  in  the  first  place,  he  should  know,  or  soon  find  out,  the  nature  of  the  bed  rock  at  the  site  he  is  work- 
ing, and,  in  the  second  place,  boulders  are  usually  of  a  much  harder  material  than  the  rock  and  are  naturally 
limited  in  sise.  The  reason  for  this  is  that  what  we  call  boulders  are  big  gravel,  having  been  brought  down  and 
deposited  in  the  i^acial  period — all  the  rough  corners  and  soft  pieces  being  groimd  off  in  the  process.  New  York 
gneiss,  for  instance,  would  have  been  pulverised  long  before  it  could  have  been  formed  into  a  boulder. 

Diamond  drill  borings  are  naturally  much  more  expensive  than  the  other  methods  described,  but  on  the 
other  hand  they  are  conclusive  evidence,  as  far  as  they  go,  although  they  do  not  show  the  variation  of  the  rook  level 
between  the  borings.  For  instance,  in  the  Ohio  River,  at  Mingo  Junction,  the  rock  is  almost  as  level  ss  the  water, 
while  in  New  York  the  rock  is  tilted  as  if  it  has  been  thrown  into  place  and  is,  therefore,  exceedingly  uneven  in 
elevation.  In  lower  New  York,  the  top  of  the  hardpan  is  usually  nearly  level  for  considerable  distances — ^but  the 
top  of  the  rock  is  very  irregular,  varying  as  much  as  14  ft.  vertical  in  the  same  number  of  feet  of  horisontal  distance. 

As  it  is  much  cheaper  to  get  a  contractor  to  rig  up  a  plant  who  makes  a  specialty  of  making  borings  than  it  is 
for  one  to  do  it  who  is  not  familiar  with  the  operation,  it  is  hardly  worth  while  to  give  details  of  these  devioM  of 
which  there  are  an  unlimited  number  of  designs 

27/.  Test  Pits. — Digging  a  small  test  pit  will  often  take  the  place  of  boring  or 
supplement  the  information  obtained  thereby.  But  test  pits  are  not  usually  made  under  the 
ground  water  level  nor  to  more  than  a  few  feet  in  depth. 

27^.  Test  of  Soil  for  Bearing  Capacity. — Where  the  local  conditions  are  not 
well  understood,  it  is  well  to  make  special  tests  of  the  soil  by  putting  a  platform  on  the  ground 
and  loading  it.  The  larger  the  area  covered  by  the  testing  platform  the  more  reliable  the  results, 
but  even  the  most  careful  experiments  of  this  nature  require  a  great  deal  of  personal  judgment, 
not  only  that  the  conditions  may  be  thoroughly  understood,  but  also  that  the  present  conditions 
will  really  represent  future  conditions.  For  instance,  a  test  on  dry  hard  clay  would  be  valueless 
if  the  clay  subsequently  became  wet;  or,  on  the  other  hand,  if  the  test  were  made  on  wet  clay — 
that  could  not  squeeze  out  and  the  clay  afterwards  became  dry — the  shrinkage  resulting  might 
be  serious. 

It  is  often  good  judgment  to  dig  a  hole  and  put  the  loading  platform  on  the  bottom  of  this  hole,  provided  the 
excavation  for  the  test  hole  fairly  represents  the  conditions  of  the  proposed  foundations.  The  reason  for  this  is 
that  the  weight  of  surrounding  material  holds  foundation  soil  in  place,  so  where  only  2  to  4  tons  would  be  allowed  on 
sand  when  the  foundations  were  to  be  near  the  surface,  if  the  excavation,  say  by  pneumatic  caisson  or  cofferdam, 
were  carried  30  or  40  ft.  down,  6  to  10  tons  per  sq.  ft.  might  be  safe. 

28.  Characteristics  of  Soil,  Rock,  Etc. — If  the  sand,  clay,  or  other  material  had  been  pre- 
pared by  man  so  that  he  knew  the  exact  constituents,  how  it  had  been  placed,  how  rammed, 
rolled,  or  tamped,  it  would  be  comparatively  easy  to  say  how  much  load  could  safely  be  applied, 
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but  as  these  materials  have  been  placed  by  Nature,  sometimes  by  gentle  sedimentation  and 
sometimes  imder  enormous  hydraulic  pressure,  and  as  they  are  often  placed  in  layers  of  more 
or  less  thickness,  with  or  without  water  present,  all  we  can  do  is  to  give  general  rules  as  above 
and  then  make  tests  and  use  one's  best  judgment.  In  fact,  no  part  of  a  structure  is  so  dependent 
on  good  judgment  and  so  little  bound  by  cast-iron  rules  as  the  foundations. 

Sand, — Clean  sand  has  been  packed  in  such  a  manner  by  hand  that  it  safely  carried  100 
tons  per  sq.  ft.,  or  more,  and  yet  as  it  is  foimd  in  nature,  it  cannot  be  loaded  with  more  than 
from  2  to  4  tons  except  in  deep  excavations. 

Sand  varies  from  pure  silica  in  very  fine  particles,  to  gravel,  or  it  may  be  mixed  in  various 
proportions  with  many  different  materials,  as  clay,  loam,  decayed  vegetable  matter,  minerals, 
etc.,  and  most  important  of  all,  water.  Sometimes  Nature  makes  a  thorough  mixture;  while 
there  are  many  places  where  successive  layers  are  found.  These  may  be  thick  or  thin,  of  sand, 
clay,  gravel,  etc.,  and  may  be  repeated  over  and  over  again.  A  shaft  has  been  sunk  through 
about  40  ft.  of  distinct  layers  many  of  which  were  less  than  He  hi.  thick.  The  clay  acts  as  a 
lubricant  to  help  the  sand  to  slide  into  any  accessible  opening. 

If  the  sand  is  confined  so  that  it  cannot  escape,  it  will  safely  sustain  great  loads  whether 
it  be  dry  or  wet,  and  sand  of  coarse  grain  may  be  alternately  wet  and  dry  provided  no  sand 
is  lost  or  carried  away  in  the  process  of  wetting  or  drying,  the  coarser  grains  being  much  less 
liable  to  be  carried  off. 

The  disintegration  of  rooks  (especially  igneous  rock,  containing  silica  and  calcium)  by  the  action  of  the  weather, 
wATe,  or  wind,  forms  pure  sand.  After  being  separated  from  the  rock  the  grains  are  carried  by  the  rivers,  waves 
of  the  oceans,  or  wind,  to  a  new  bed  and  often  many  other  substances,  such  as  clay,  mud,  minerals,  etc.,  are  de- 
posited at  the  same  time  or  in  between  the  different  layers  of  sand.  Calcareous  sands  are  formed  generally  by 
the  waves  of  the  seashore,  which  act  on  limestone  beds,  shells,  corals,  etc.  Much  sand  comes  from  pulverised  quarts 
tm  the  softer  rocks  will  not  stand  the  grinding  action  necessary  to  form  clean  white  sand. 

On  the  desert,  the  sand  particles  have  their  rough  edges  ground  off  by  being  blown  over  and  over  each  other 
by  the  wind,  which  like  the  waves  and  floods,  tend  to  separate  the  larger  or  heavier  from  the  smaller  and  lighter 
fragments — often  to  be  mixed  up  again  with  other  grades  of  sand  and  with  ojther  material.  Even  such  hard  sub- 
stances as  diamonds,  are  rounded  when  carried  along  with  sand.  The  banks  of  a  river  may  contain  many  kinds 
of  rock  and  the  same  kind  of  rock  in  many  places,  some  making  sand,  others  gravel,  mud,  clay,  etc.,  all  of  which 
may  be  mixed  together  in  transit.  Even  a  coarse  sand  is  carried  on  a  current  of  less  than  one-half  a  mile  per 
hour,  the  heavier  grains  sinking  first  and  the  finer  grades  being  carried  much  farther. 

In  North  America  and  other  places,  much  sand  was  brought  down  with  the  ice  during  the  glacial  period. 
The  particles  of  this  sand  are  often  more  angular  than  the  particles  of  s^nd  washed  down  with  gravel  in  the  rivers  or 
blown  about  by  the  wind.     The  treatment  which  makes  sand,  would  make  clay  or  mud  of  the  softer  rocks. 

All  kinds  of  metals,  diamonds,  earthy  Inatter,  etc.,  are  found  mixed  with  the  sand  at  different  places,  gold  and 
other  heavy  metals  working  their  way  to  the  bottom. 

Heat  accelerates  the  chemical  action  in  the  disintegration  of  rocks. 

Clay. — Nearly  all  rocks  if  pulverized  fine  enough,  would  be  found  to  have  some  of  the 
qualities  of  clay.  Hard  rocks,  like  quartz,  as  a  rule  are  not  so  easily  decomposed  by  the 
weather  and  are  more  apt  to  form  sand  than  clay.  In  New  York,  however,  rock  containing 
quartz  has  been  found  under  30  ft.  of  hardpan  so  rotten  that  it  coidd  be  shovelled;  whether 
this  deterioration  occurred  before  the  hardpan  was  deposited  or  was  due  to  subsequent  chemi- 
cal action,  would  be  hard  to  ascertain. 

Clay  is  a  combination  of  silica  and  alumina  with  all  sorts  of  impurities  mixed  with  it. 
When  mixed  wet  and  dried  out  it  becomes  very  hard,  and  shrinks  in  volume.  Being  so  much 
finer  in  particles  than  sand,  it  is  held  in  suspension  and  carried  much  farther  out  to  sea  than  the 
coarser  grained  sand  or  gravel,  which  are  deposited  first.  The  finest  particles  of  all  are  carried, 
often,  far  out  into  the  ocean  as  mud.  This  fine  material  may  become  shale  by  pressure  or 
aome  other  means.  The  shale  may  be  uplifted  and  exposed  to  weather  where  it  will  disin- 
tegrate and  again  become  mud  or  clay. 

Clay  is  deposited,  layer  after  layer,  with  sand,  gravel,  or  other  material  (such  as  decayed  vegetable  matter, 
animal  matter,  minerals,  etc.)  mixed  in  between  and  often  acts  as  a  lubricant  for  the  more  compact  or  heavier  mate- 
rial to  slide  upon,  and  is  undoubtedly  the  cause  of  nearly  all  great  land  slides.  It  b  at  the  best  a  very  treacherous 
material  to  deal  with.  When  dry  it  will  carry  4  tons  per  sq.  ft.,  or  much  more,  but  when  wet  its  carrying  capacity 
is  extremely  uncertain  to  say  the  least,  and  of teif  it  would  not  be  safe  to  place  yi  ton  per  sq.  ft.  on  it,  unless  a  con- 
siderable settlement  would  not  be  injurious  to  the  buildings. 
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Clay,  unlike  baiicU  is  softened  by  water  and  liable  to  move  under  preeeure.  In  a  ease  at  Hudson,  N.  Y., 
a  225-ft.  chimney,  power  housee,  and  other  buildings  were  wrecked,  all  of  which  were  located  on  rising  ground 
near  a  creek,  and  12  acres  dropped  20  ft.  in  2  min.  fifty  auger  borings  failed  to  indicate  the  cause  of  the 
disaster,  but  a  shaft,  about  4  ft.  square,  sunk  to  a  depth  of  35  ft.  disdoeed  a  very  soft  layer  of  clay  at  about  the 
same  level  as  the  bed  of  the  oreek.  The  probabilities  are  that  the  excessive  rains  of  that  season  had  reached 
this  bed  of  clay  from  the  surrounding  hills,  causing  the  stidden  coUapee  which  moved  the  oreek  bodily,  about 
100  ft.,  in  addition  to  the  sinking  of  the  12  acres.  This  layer  of  clay  as  disclosed  in  the  shaft,  was  entirely  in- 
adequate when  softened  by  the  excessive  rains,  to  carry  the  weight  of  the  soil  above  it  even  without  considering 
the  buildings  at  all;  and  as  a  proof  of  this  it  might  be  stated  that  a  similar  slide  occurred  nearby  in  the  Virgin 
Forest. 

Loam, — ^Loam  is  a  mixture  of  decomposed  organic  matter  with  sand,  clay,  etc.,  and  is 
treacherous  enough  material  even  when  not  full  of  worm  holes.  As  a  rule,  it  is  not  compacted 
by  Nature  as  most  sands  and  clays  are  by  the  glacial  or  other  floods,  and  does  not  extend  to 
any  great  depths.     No  building  of  any  importance  should  be  founded  on  it. 

Marl. — Marl  is  composed  of  clay  and  carbonate  of  lime  in  different  proportions,  the  car- 
bonate of  lime  often  making  it  valuable  as  a  fertilizer.  like  clay  and  sand,  it  contains  many 
impurities,  fossils,  etc.      Soft  marl  is  called  earthy;  hard  marl,  indurated. 

Hardpan, — Hardpan  is  usually  a  mixture  of  sand,  clay,  and  gravel.  In  New  York,  for 
instance,  it  was  evidently  formed  in  the  glacial  period  and  seems  to  be  free  from  vegetable  or 
animal  deposits,  for  if  any  such  were  originally  in  the  mass,  all  traces  thereof  seem  to  have  dis- 
appeared. Generally  this  hardpan  lies  directly  on  the  rock  (in  New  York)  with  from  30  to  80  ft. 
of  quicksand  on  top  of  it,  but  occasionally  a  layer  of  from  2  to  20  ft.  of  clean  sand,  gravel,  and 
boulders  is  found  between  the  hardpan  and  the  rock.  The  proportions  and  consistency  of  this 
hardpan  vary  from  mud  to  a  natural  concrete  which  is  so  hard  that  it  has  been  mistaken  for 
good  Portland  cement  concrete.  As  a  rule^  however,  it  can  be  removed  by  pick  and  shovel. 
In  one  case  only,  when  sinking  caissons  in  New  York  City,  a  vacant  space  of  about  8  cu.  ft. 
was  found  in  the  middle  of  the  hardpan  removed.  This  may  have  been  formed  by  some  matter 
which  was  afterwards  decomposed  allowing  the  space  to  be  filled  with  water.  Most  hardpan 
is  much  harder  when  dried  out  than  when  in  its  original  bed,  under  water,  but  any  good  hardpan 
will  support  in  its  natural  bed  more  than  15  tons  per  sq.  ft.  provided  it  is  not  imderdrained. 
Some  hardpans  are  water-tight,  others  water-bearing. 

Peatf  Bog,  Etc, — It  is  sometimes  necessary  to  put  floating  foundations  for  railroads  or  other 
structures  on  these  materials,  but  as  the  risk  is  great,  it  should  only  be  taken  when  unavoidable 
and  then  with  great  care.  Peat  is  vegetable  matter  not  fully  carbonized.  It  has  been  used 
for  embankments  on  canals  where  the  question  as  to  the  safety  of  having  an  inflammable  mate- 
rial for  the  banks  of  a  canal  was  gravely  debated. 

Silt. — The  Hudson  River  silt  is  so  fine  that  a  23-ft.  diameter  shield  of  a  tunnel  could  be 
driven  across  the  Hudson  River  without  excavating  any  material  whatever  (see  James  Forgie, 
Eng.  NewSy  Feb.  28,  1917,  p.  228).  In  this  material  90-ft.  piles  have  been  driven  in  6  min., 
without  reaching  any  harder  materials;  and  then  a  test  was  made  by  capping  4  of  these  piles 
a  week  after  being  driven,  when  they  held  a  test  load  of  160  tons  without  any  further  penetra- 
tion whatever.  The  Hudson  River  silt  is  very  much  finer  and  more  treacherous  than  the  New 
York  quicksand. 

Oravel, — Gravel  is  generally  obtained  by  screening  from  mixed  deposits  the  sand,  mud 
and  boulders;  occasionally  the  run  of  the  quarry  can  be  used  as  found  either  for  gravel  or  for 
concrete,  without  removing  the  sand. 

Rock. — A  good  rock  when  lying  in  its  original  bed  will  support  any  load  which  is  liable 
to  be  placed  upon  it.  The  chief  danger  is  where  the  stratification  is  inclined  and  in  such  a 
position  that  it  can  break  on  its  natural  cleavage  plane,  allowing  the  structure  to  slide  into  a 
valley  or  adjoining  excavation;  a  condition  to  be  guarded  against  in  a  city  like  New  York, 
where  the  stratification  is  very  tilted  and  very  irregular,  and  where  subways  and  excavations 
for  other  purposes  remove  the  rock  by  blasting  many  feet  below  the  foimdations  of  the  ad- 
joining buildings. 

29.  Loads  on  Foundations. — New  York  Building  Code,  as  of  March  14,  1916,  gives  a  good 
summary  for  loads  per  square  foot  on  different  soils,  excluding  mud,  as  follows: 
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Wet  clay 1  ton 

Wet  sand 2  tons 

firm  clay 2  tons 

Sand  and  clay  mixed  or  in  layers 2  tons 

Fine  and  dry  sand 3  tons 

Hard  dry  clay 4  tons 

Coarse  sand 4  tons 

Gravel 6  tons 

Soft  rock 8  tons 

Hardpan 10  tons 

Medium  rook 15  tons 

Hard  rock 40  tons 

When  the  Superintendent  of  Buildings  is  in  doubt  as  to  the  quality  of  the  soil,  he  demands 
that  proper  tests  shaU  be  made  to  determine  the  safe  bearing  capacity.  He  will  also  consider 
any  tests  the  owner  may  wish  to  make  under  the  supervision  of  the  Department. 

In  New  Orleans,  where  the  subsoil  is  all  alluvial,  the  building  laws  specify  that  only  1400 
lb.  per  sq.  ft.  will  be  allowed  on  any  foundation.  Buffalo  allows  3K  tons  per  sq.  ft.  Cambria 
Steel  Handbook,  1919,  pp.  327-349,  quotes  Building  Laws,  Foundations,  etc.,  for  31  cities. 

The  writer  is  satisfied  that  almost  any  material  that  deserves  to  be  called  rock  will  bear,  in  its  original  posi- 
tion, practically  any  load  that  can  be  placed  upon  it,  provided  that  the  rock  is  not  inclined  and  lying  in  such  a 
poettion  that  it  can  slip  o£F  its  base  and  take  the  building  with  it.  When  the  rock  is  so  rotten  that  it  can  be  shovel- 
led out,  it  is  hardly  fair  to  call  it  rook.  Usually  concrete  is  placed  on  top  of  the  rock,  and  15  tons  per  sq.  ft.  is  a 
safe  allowanoe  for  good  concrete.  This  load  is  the  same  as  208  lb.  per  sq.  in.,  or  104  lb.  on  H  sQ*  in*  Now  imagine 
a  girl  weighing  104  lb.  standing  on  a  French  heel  of  H  sq.  in.  She  could  not  make  any  impression  on  a  wood  floor, 
much  less  on  bed  rock;  or,  in  other  words,  the  foundations  for  the  Singer  Tower  in  New  York  City,  612  ft.  high, 
only  cover  half  the  area  of  the  lot.  and  so  if  the  weight  of  the  Singer  Building  were  doubled,  the  weight  on  the 
whole  area  would  be  only  104  lb.  per  H  sq.  in.  First  class  concrete  would  carry  safely  much  more  than  15  tons 
per  sq.  ft.,  but  owing  to  liability  of  poor  workmanship,  etc.,  it  is  safer  not  to  allow  more  than  this  amount.  The 
load  allowed  on  mortar  or  concrete  will  generally  govern  the  load  on  the  rock  since,  apart  from  the  expense  of 
leveling  off  the  rock  to  get  a  direct  bearing  for  the  steel  columns,  it  is  usually  advisable  to  have  some  waterproof 
material,  such  as  sheet  copper  or  lead  under  the  columns  and  to  have  several  inches  of  mortar  between  this  mate- 
rial and  the  column  base.  Copper  should  never  be  in  contact  with  steel  as  the  steel  may  be  destroyed  by 
electrolysis,  and  tar  and  felt  are  too  compressible  to  be  put  under  heavy  columns. 

30.  Dead,  Live,  and  Wind  Loads. — There  are  many  empirical  rules  for  estimating  the  loads 
on  foundations,  especially  as  regards  live  and  wind  loads.  The  dead  load  is,  of  course,  a  fixed 
item  being  the  weight  of  the  structure  itself. 

Most  building  laws  do  not  anticipate  that  all  of  the  floors  will  be  loaded  to  their  maximum 
at  one  time,  but  while  the  floors  of  an  office  building,  for  instance,  must  be  sufficiently  strong  to 
carry  heavy  safes  and  a  crowd  of  people  and  there  is  little  probability  of  all  the  floors  of  such 
building  being  so  loaded  at  the  same  time,  a  warehouse  or  factory  on  the  contrary  might  have 
its  capacity  taxed  to  the  utmost,  so  the  only  safe  way  is  to  take  each  case  by  itself  and  design 
each  foundation  for  the  total  load  which  it  will  probably  be  subjected  to,  including  wind  and 
snow.  Many  cities  specify  that  the  foundations  shall  be  designed  to  carry  60  %  of  the  assumed 
live  load  in  addition  to  the  dead  load,  snow  load,  and  wind  pressure. 

In  designing  steel  buildings  there  seems  to  be  a  greater  variation  in  provision  for  wind  stresses  than  for  any 
other  item,  for  some  buildings  seem  to  have  been  built  without  making  any  provision  at  all — while  others,  like 
the  Singer  Building  Tower,  not  only  have  ample  knee  braces  and  other  connections,  but  have  in  addition,  anchor 
eye-bars  extending  many  feet  into  the  concrete  caissons  in  such  a  manner  that  the  whole  caisson  would  have  to 
be  lifted  or  the  column  broken  before  the  building  could  blow  over  (see  Trant.  Am.  Soc.  C.  E.,  vol.  LXIII,  pp. 
1-30).  Very  few  buildings  are  so  anchored  and  very  few  would  need  any  provision  against  uplift.  On  the  other 
hand,  however,  it  is  often  advisable  to  add  the  wind  loads  to  the  dead  and  live  loads  on  the  leeward  side  of  the 
building.  For  tall  chimneys  or  isolated  buildings,  the  entire  wind  pressure  might  reach  the  foundations  while  in  a 
built  up  section  of  a  city  only  a  fraction  of  the  maximum  wind  pressure  would  probably  do  so. 

81.  Building  On  Old  Foundations. — When  it  is  desired  to  add  3  or  4  stories  to  an  old 
building,  it  will  often  be  found  that  a  building  which  has  been  in  existence  for  many  years, 
resting  on  sand,  clay,  etc.,  has  so  compressed  its  foundation  that  the  additional  weight  will  not 
cause  any  settlement  or  cracks  in  the  building  at  all.     This,  however,  can  be  determined  only 
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by  a  csireful  investigation  of  the  site,  making  borings  and  other  observations.  The  National 
City  Bank  on  New  York  quicksand,  and  the  Methodist  Book  Concern,  Fifth  Ave.,  on  sand,  clay, 
etc.,  are  examples  of  this.  Both  had  been  built  many  years  and  neither  settled  the  slightest 
when  new  stories  were  added  to  the  old. 

32.  Effect  of  Climate. — Foundations  are  not  usually  exposed  to  the  weather  and  are  not 
therefore  as  much  affected  by  the  climate  as  the  rest  of  the  building,  but  the  results  of  expansion 
and  contraction  must  alwa3n5  be  considered.  Some  reinforced  concrete  buildings  have  been 
built  from  100  to  300  ft.  long  without  any  expansion  joints,  but  if  the  foundations  had  been 
continuous  for  that  length,  the  upper  part  of  the  structure  would  have  expanded  more  than  the 
base  with  disastrous  results.  Cast-iron  cylinder  piers,  6  to  8  ft.  in  diameter,  have  been  filled 
with  masonry  which  did  not  contract  as  quickly  as  the  cast-iron  shells,  with  the  result  that  the 
sheUs  split  open.     This  has  occurred  in  several  places. 

A  large  hospital  was  founded  on  shale,  and  had  a  4>m.  concrete  slab  for  a  floor,  without  any  expansion  jc^nts, 
although  the  building  was  over  100  ft.  square.  Under  the  floor  were  numerous  tunnels,  or  subways,  4  ft.  deep 
by  5  ft.  wide,  for  steam  pipes.  The  floor  was  constructed  in  January;  hospital  opened  in  July;  thermometer  stood 
at  102  deg.  in  shade  outside  and  128  deg.  in  the  subways  on  account  of  the  steam  pipes  being  required  for  sterilising 
purposes.  As  the  heavy  building  was  on  a  solid  foundation,  the  floor  was  held  on  its  four  sides  by  the  heavy  build- 
ing, so  it  just  naturally  buckled  up— emashing  various  light  partition  walls,  etc.,  and  causing  thereby  considerable 
discussion  as  to  whether  (1)  the  building  had  settled,  (2)  the  building  had  risen  in  places,  or  (3)  an  explosion  of  coal 
gas  had  occurred.  This  discussion  lasted  for  months  before  the  real  cause  of  the  trouble— exi>ansion — was  dis- 
covered. The  object  of  having  such  large  floors  without  expansion  joints  was  to  avoid  the  danger  of  germs  finding 
their  way  into  the  joints  where  they  could  not  be  scrubbed  out.  Needless  to  say,  the  above  object  could  have  been 
obtained  and  proper  provision  made  for  expansion  and  contraction  at  the  same  time. 

Heat. — Concrete  while  setting  should  be  protected  from  excessive  heat  of  the  sun  and  in 
some  places  it  would  be  advisable  to  keep  the  foundation  so  protected  until  the  building  is 
constructed  over  it. 

Concrete  like  rock  or  soils,  is  much  more  liable  to  disintegration  from  chemical  action 
when  at  the  same  time  subjected  to  heat.  This  has  been  found  to  be  so  at  Panama,  Long 
Island  Soimd,  New  York  City,  and  many  other  places. 

In  the  writer's  opinion,  pure  salt  water  does  not  injure  dense  Portland  cement  concrete,  but  ohemioals 
from  sewage  or  other  sources,  especially  when  heated  by  the  sun  or  other  means,  do  destroy  it.  For  an  example, 
the  discharge  tunnel  from  a  power  house  was  built  of  concrete.  The  impure  water,  so  discharged,  was  very  hot 
and  it  was  found  that  no  concrete  could  last  in  this  position.  A  wood  lined  tunnel  was  tried  and  up  to  date 
seems  to  give  satisfaction. 

Cold. — A  porous  concrete  which  allows  the  water  to  enter  and  freeze  or  to  carry  chemicals 
in  or  out  is  in  much  more  danger  from  climatic  changes  than  an  impervious  concretef  Where 
necessary,  steel  reinforcing  should  be  used  to  prevent  danger  from  expansion  and  contraction. 
Foundations  should  always  be  carried  deep  enough,  unless  on  bed  rock,  to  prevent  the  material 
under  the  foundation  from  freezing  and  thus  expanding  so  as  to  lift  and  destroy  the  work. 

It  is  a  very  safe  rule  not  to  place  concrete  when  the  temperature  is  much  below  freezing. 
Good  concrete,  however,  has  been  laid  in  from  10  to  15  deg.  or  more  below  freezing  by  heating 
the  ingredients  before  mixing  and  covering  the  concrete  while  setting;  It  is  always  advisable 
to  prevent  the  concrete  from  freezing  before  or  while  it  is  setting,  as  the  distortion  is  liable  to 
be  injurious. 

33.  Waterproofing. — The  nearer  concrete  is  to  being  waterproof,  the  better,  as  it  will  be  leas 
liable  to  be  damaged  by  frost,  etc.,  and  one  of  the  surest  ways  of  accomplishing  this  is  to  have 
enough  cement  to  fill  all  the  voids  in  the  sand.  This  generally  means  a  mixture  of  one  part  of 
cement  to  two,  or  less,  parts  of  sand.  A  concrete  of  good  Portland  cement,  sand,  and  stone,  or 
gravel,  with  no  voids  will  come  very  near  to  being  waterproof,  but  at  the  same  time  this  is  a 
very  hard  condition  to  obtain. 

There  are  numerous  substances  which  it  is  claimed,  when  mixed  with  the  cement,  will  keep  the  water  out. 
Other  methods,  such  as,  tar  and  felt,  sheet  copper,  sheet  lead,  etc..  are  well  known  and  reliable  if  properly  applied, 
but  as  a  rule  contractors  for  waterproofing  do  not  try  to  waterproof  against  a  head  of  water,  preferring  to  put  drains 
under  the  floors  or  behind  the  walls  which  are  to  be  protected.  These  drains  lead  to  sumps  and  the  pumping 
therefrom  as  a  rule  is  not  serious.  Where  there  is  a  persistent  leak  in  a  wall,  it  is  a  common  practice  to  out  a  groove 
in  the  wall  and  then  cover  it  over,  thus  forming  a  blind  drain  to  carry  the  water  from  the  leak  down  to  the  sump. 
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Foundations,  retaining  walUt  etc,  should  have  the  concrete  poured  oontinuoualy  from  the  base  to  the  top 
erf  the  wall,  for  if  the  worlc  is  suspended  until  the  concrete  has  begun  to  set,  water  will  always  be  able  to  find  its 
way  through  horiiontal  cracks  formed  where  the  stops  are  made  in  pouring.  As  there  is  generally  a  certain  amount 
of  milk  of  lime  or  laitance  on  the  top  of  wet  concrete,  a  small  seepage  of  water  will  eventually  greatly  enlarge  these 
horisontal  cracks,  by  washing  out  the  soft  mortar  or  milk  of  lime.  An  examination  of  almost  any  retaining  wall 
along  a  railroad  will  prove  this  statement.  The  writer  never  allows  his  work  to  stop  over  night,  in  cases  where 
such  leakage  would  be  objectionable. 

84.  Allowances  for  Uneven  Settlements. — Buildings  founded  on  sand,  clay,  or  other  mate- 
rial liable  to  compress  under  the  weight  of  the  building,  should  be  designed  so  as  to  have  fairly 
uniform  loads  per  square  foot  on  the  foundations,  otherwise  one  part  of  the  building  will  settle 
more  than  the  other  parts.  A  low  or  light  bifilding  attached  to  a  high  or  heavy  or  old  building, 
should  have  an  open  joint,  not  necessarily  exposed  to  view,  so  that  if  the  heavier  building  settles 
it  would  not  make  an  unsightly  crack  between  it  and  its  addition.  Lack  of  this  precaution 
resulted  in  a  fine  church  breaking  away  from  a  one  story  extension  although  the  load  was 
not  over  J^  ton  per  sq.  ft.  on  the  foimdation  of  either. 

In  Chicago  many  high  buildings  were  built  on  spread  footings  on  the  clay,  which  were  sometimes  carried  a 
considerable  distance  from  the  surface  by  means  of  vertical  shafts  or  open  cofferdams.  Great  care  was  exercised 
to  design  these  foiwdations  so  that  each  footing  under  the  building  would  have  the  same  load  per  square  foot  on 
the  clay.  But  in  spite  of  all  precautions  the  settlements  have  not  been  uniform,  varjring  from  2  to  4  ft.  On 
account  of  the  trouble  which  resulted,  the  more  recent  buildings  have  been  or  are  being  carried  to  bed  rock. 

The  sinking  of  the  buildings  in  Chicago  started  long  before  the  day  of  subways,  so  the  trouble  is  liable  to  get 
worse  instead  d  better.  The  tunnel  construction  will  undoubtedly  continue  in  Chicago  and  all  other  large  cities 
and  every  deep  cellar  or  excavation  must  more  or  less  affect  the  ground  water  conditions  with  disastrous  results. 

After  having  tried  so  unsuccessfully  the  founding  of  buildings  of  18  and  more  stories  in  height  on  clay  in 
Chicago,  the  plan  of  driving  pile  foundations  or  better  still,  carrying  the  foundations  to  hardpan  or  bed  rock  was 
adopted  for  the  higher  buildings,  and  of  limiting  the  height  of  the  buildings  on  the  clay  foundations  to  6  or  8 
stories,  the  foundations  of  which  only  covered  about  half  of  the  area  of  the  lot  instead  of  the  whole  of  it.  When 
only  a  portion  of  the  lot  is  covered  by  foundations  in  this  material,  the  load  can  naturally  be  larger  per  square 
foot  of  surface  covered. 

86.  Foundations  as  Regards  Character  of  Structure. 

86a.  Residences. — In  determining  what  load  can  safely  be  placed  on  the  founda- 
tions one  must  know  to  what  use  the  building  will  be  put.  For  instance,  a  country  dwelling 
would  require  very  little  spreading  of  the  foundations  assuming  an  ordinary  cellar  or  where  the 
foundations  are  deep  enough  to  be  below  the  frost  line.  If,  however,  the  ground  has  previously 
been  levelled  up  with  a  rock  fill,  on  top  of  which  more  or  less  dirt  has  been  placed,  the  rocks  may 
settle  to  a  certain  extent  due  to  soft  ground  underneath  or  to  breakage  of  the  stones  which  were 
loosely  packed,  and,  what  more  frequently  occurs,  the  rain  may  wash  the  superimposed  earth 
into  the  crevices  of  the  rock  allowing  the  residence  to  settle,  badly  cracking  the  plaster  and  wall 
paper  and  jamming  the  doors  and  windows.     This  sometimes  continues  for  many  years. 

Even  with  light  buildings,  it  is  advisable  to  see  that  the  rains  or  streams  are  not  liable 
to  draw  sand,  loam,  or  clay  from  imdemeath  or  to  soften  the  clay  by  wetting  it,  or  causing  it  to 
shrink  by  drying  it  out. 

856.  Factories. — When  near  other  buildings,  in  addition  to  the  above  require- 
ments, factory  buildings  need  to  be  ensured  against  shock  or  vibrations  from  destroying  other- 
wise perfectly  safe  foundations.  For  instance,  a  building  containing  a  gas  engine,  built  on 
silty  ground  and  having  a  large  number  of  compresol  piles  under  it,  vibrated  so  badly  that  other 
buildings  700  ft.  away  moved  as  much  as  H«  in.,  vertically  and  horizontally  with  each  motion 
of  the  engine.  These  compresol  piles  had  been  formed  by  dropping  a  pear  shaped  weight  from  a 
pile  driver  until  a  hole  3  or  4  ft.  in  diameter  had  been  made  some  12  ft.  deep.  Occasionally 
sand,  ashes,  or  clay  were  dropped  into  the  hole  and  rammed  aside  to  keep  the  water  from 
troubling.  Finally  the  holes  were  filled  with  concrete  and  it  was  thought  that  a  shock-proof 
foundation  had  been  obtained,  but  the  very  roughness  of  the  piles  seemed  to  assist  in  transferring 
the  shock  to  the  soft  ground.  Subsequent  borings  indicated  that  an  ordinary  cofferdam 
could  have  been  carried  about  4  ft.  farther,  where  it  would  have  reached  a  much  harder  and 
more  satisfactory  material.  The  company  had  on  its  own  ground  in  just  as  convenient  a  loca- 
tion, a  site  where  this  engine  could  have  been  built  on  hard  ground  and  at  a  less  cost.  In  fact, 
the  most  feasible  way  of  remedying  the  error  would  be  to  build  an  entirely  new  engine  house 
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on  the  higher  site  and  use  the  old  building  for  other  purposes,  that  is,  for  stationary  loads  which 
would  cause  no  shock  to  be  transmitted  through  the  ground. 

35c.  Churches. — Special  pains  have  to  be  taken  with  churches  which  are  often 
very  heavy  with  high  unsupported  walls  and  long  span  roof  trusses  or  arches.  The  beautiful 
and  historic  St.  Paul's  Church,  London,  England,  has  long  been  a  source  of  worry  on  account 
of  the  settling  of  the  foundations,  aggravated  by  the  construction  of  subways  which  lowered 
the  water  level,  thereby  injuriously  affecting  the  stability  of  the  clay  substrata. 

86<i.  City  Buildings. — The  efforts  to  economise  on  the  foundations  for  buildings 
in  Chicago  with  the  very  unsatisfactory  results  due  to  the  continual  settlement,  both  even  and 
uneven,  have  already  been  noted  in  Art.  34.  Bflildings  up  to  8  or  10  stories,  as  a  rule,  would 
hardly  seem  to  justify  foundations  of  40  to  80  ft.  or  more  in  depth,  although  there  are  a  few 
buildings  in  New  York  of  from  4  to  6  stories  in  height,  above  the  curb,  which  have  pneumatic 
caisson  foimdations  carried  to  bed  rock  under  them.  In  these  cases,  however,  the  work  was  so 
designed  that  many  more  floors  could  be  added  to  the  building  later  on  without  tearing  it  down 
or  adding  to  the  foundations. 

A  very  fine  cathedral,  recently  built,  had  a  foundation  on  coarse  sand,  within  a  foot  or  so  of  the  street  level. 
The  ground  level  between  the  street  and  the  building  was  then  raised  some  3  ft.  The  towers  had  a  load  of  4 
tons  per  sq.  ft.,  while  adjacent  walls  had  only  1  ton  per  si.  ft.  The  uneven  settlements  caused  serious  oracka 
between  the  towers  and  the  walls. 

In  large  cities,  like  New  York,  one  must  not  only  consider  the  existing  structures  in  the  neighborhood,  but  also 
those  of  the  future.  In  this  respect  many  12  to  16-etory  buildings  in  New  York  were  founded  on  piles  or  on  floating 
foundations,  the  excavation  being  carried  almost  to  the  surface  of  ground  water,  with  the  result  that  excavations 
for  other  buildings  and  for  subways  have  seriously  imi>eriled  them  by  lowering  the  water  leveL 

Wooden  piles  or  steel  shells  filled  with  concrete  will  last  indefinitely  if  kept  always  under  water,  but  will  soon 
rot  or  rust  out  if  the  water  is  withdrawn.  On  33d  St.,  New  York  City,  the  construction  of  the  Pennsylvania  R.  R. 
diverted  an  old  stream  and  left  wooden  piles  high  and  dry,  which  were  originally  30  ft.  under  water,  thus  destroy- 
ing their  value  and  making  expensive  underpinning  necessary.  Similar  results,  but  not  to  such  a  great  extent, 
have  been  noticed  in  many  parts  of  the  city.  Recently  in  lower  Broadway  where  the  material  above  the  hardpan  is 
the  so-called  New  York  quicksand,  the  water  level  suddenly  rose  9  ft.  and  then  dropped  back  10  ft.  almost  as 
suddenly.  This  high  water  caused  the  flooding  of  several  buildings  over  a  block  away.  As  this  was  the  site  of  a 
12-story  building  which  rested  on  the  very  fine  sand,  the  danger  can  readily  be  seen.  The  most  plausible  explana- 
tion is  that  the  ground  water  level,  which  used  to  be  from  6  to  0  ft.  above  the  high  tide  level,  had  been  lowered  by 
some  nearby  construction,  either  the  subways  or  deep  cellars,  and  that  a  broken  water  main  temporarily  raised 
the  water  to  its  old  level  only  to  be  quickly  drained  off  again.  Needless  to  say,  such  periodic  occurrences  must  be 
very  unsafe  to  the  buildings.  A  designer  of  foundations  should  have  a  danger  signal  running  through  his  mind — 
Watort     Water!    Look  out  for  water! 

Every  here  and  there  skyscrapers  are  erected  with  so-called  "earth  scrapers"  under  them,  which  hare  from  3 
to  4  floors  below  the  water  level,  and  it  is  very  hard  indeed  to  prevent  some  seepage  into  the  cellar  drains.  Again, 
the  subways  are  in  many  cases  below  the  water  level  and  it  will  be  only  a  question  of  time  before  the  railroads  will 
want  to  tunnel  under  the  subways  to  cross  Manhattan  from  Jersey  to  Long  island,  so  any  new  building  which  does 
not  take  into  account  the  future  changes  of  the  ground  water  level  will  probably  pay  fqr  the  lack  of  foresight.  It 
has  been  proposed  to  cofferdam  around  the  lower  end  of  the  city  and  to  pump  the  water  out,  which  would  surely 
have  very  interesting  results,  to  the  onlooker,  if  ever  attempted. 

Similar  results  may  be  expected  in  all  large  cities  founded  on  fine  sand  with  a  high  water  level,  or  on  clay  as  in 
Chicago,  or  on  alluvial  deposits  as  in  New  Orleans. 

As  before  stated,  sand  of  various  degrees  of  fineness  or  coarseness,  wet  or  dry,  will  carry  very  considerable 
loads — say,  from  2  to  10  tons  per  sq.  ft.^the  greater  loads  being  permissible  where  the  excavation  is  carried  to 
a  considerable  depth  below  the  surface,  but  this  advantage  would  of  course  partly  disappear  if  adjoining  buildings 
were  subsequently  built  to  the  same  depth. 

The  Municipal  Building  in  New  York  City  has  its  tower  and  south  section  founded  on  pneumatic  caissons 
which  were  carried  112  ft.  below  the  water  level  or  143  ft.  below  the  street  level  to  bed  rock.  After  the  contract 
was  let,  borings  disclosed  the  fact  that  rock  under  the  north  end  of  the  site  was  at  very  much  greater  depths  and 
therefcre  unattainable  by  pneumatic  caissons;  so  it  was  decided  to  sink  caissons  through  from  40  to  60  ft.  of  sand, 
where  they  would  safely  carry  10  tons.  The  tower  and  south  wing  of  the  building  were  founded  on  bed  rock  at  the 
depths  stated  above.  Danger  of  slight  settlement  of  the  north  end  of  the  buildings,  which  would  cause  slight  cracks, 
was  easily  taken  care  of  by  concealed  joints  in  the  masonry  between  the  two  sections. 

Sand  makes  an  excellent  foundation  provided  the  water  level  remains  the  same,  and  as  long  as  the  sand  cannot 
escape  into  adjoining  excavations.  This  contingency  is  a  very  vital  one,  for  many  sands  which  have  various 
amounts  of  clay  mixed  with  them,  will  flow  almost  as  freely  as  water.  The  sand  under  the  Municipal  Building  is 
very  coarse  and  water  flows  through  it  very  freely,  and  it  was  found  impossible  to  lower  the  water  level  by  pumping. 

A  14-etory  building  founded  on  quicksand  was  nearing  completion  when  the  pneumatic  caisson  foundations 
on  the  adjoining  lot  caused  the  north  end  of  the  14-story  building  to  settle  4  in.,  while  the  south  end  remainsd 
where  it  was.     The  floors  were  all  leveled  up  and  the  subsequent  tenants  never  knew  the  difference. 


Sec.  S-36I  STRUCTURAL  DATA  355 

36.  Electrolysis  and  Rust — Electroljrsis  is  one  of  the  most  serious  dangers  to  foundations 
of  modem  steel  buildings  to  be  guarded  against.  The  trouble  occurs  where  the  electric  current 
enters  or  leaves  the  building  or  where  dissimilar  metals  in  the  presence  of  water  form  an 
electric  couple.  An  example  of  this  was  shown  on  the  removal  of  some  old  brick  piers  with 
long  anchor  bolts.  Electrolysis  had  corroded  these  bolts  and  in  doing  so  had  cracked  the  brick 
piers  as  if  by  an  explosion. 

It  might  be  stated  that  in  many  large  cities  there  is  considerable  electric  current  in  the 
ground,  having  escaped  from  trolleys,  subways,  and  elevated  railroads,  especially  the  latter  in 
old  days  before  the  return  current  was  taken  care  of.  The  result  is  that  there  is  always  a  chance 
of  the  current  escaping  from  or  entering  the  buildings,  especially  when  thefoimdations  are  under 
water. 

The  simplest  manner  of  taking  care  of  this  is  to  have  wires  attached  to  each  column  and 
"grounded"  where  no  harm  can  be  done,  and  making  sure  that  the  ground  water  can  not  reach 
the  cohmins  or  their  bases.  This  precaution  against  electrolysis  has  unfortunately  seldom  been 
taken. 

The  writer  baa  seen  steel  girders  under  buUdings  from  12  to  25  stories  high,  in  very  bad  condition  from  rusting. 
The  most  inexcusable  case  was  where^24-in.  I-beams  and  4-ft.  plate  girders  carrying  a  high  building  were  buried  in 
the  earth  without  any  concrete  around  them.  Needless  to  say,  there  was  no  paint  left  on  the  steel,  and  the  rusting 
was  making  rapid  progress  when  discovered,  which  was  just  in  time  to  save  the  building  by  embedding  the  beams 
and  girders  in  concrete. 

When  wrecking  the  17-etory  Gillender  Building,  on  the  corner  of  Wall  and  Nassau  Streets,  14  3n*.  after  its 
erection,  it  was  noticed  that  wherever  the  concrete  was  in  direct  contact  with  the  steel  no  rusting  had  commenced, 
but  that  wherever  there  was  the  slightest  space  between  the  steel  and  concrete,  rusting  had  started  and  in  some 
places  made  rapid  progress.  This  applied  to  the  steel  columns,  girders,  and  foundations.  Base  plates  and  shim 
plates  showed  much  rust.  The  columns  jested  on  heavy  plate  girders  which  had  been  painted,  covered  with  tar 
and  embedded  in  concrete.  These  girders  showed  not  the  slightest  sign  of  rust.  Underneath  the  girders  were 
124n.  I-beams  which  had  been  painted  and  buried  in  concrete  and  were  also  in  perfect  state  of  preservation. 

Under  the  adjoining  buildings  were  some  14-in.  diameter  underpinning  cylinders  or  pipes  which  had  been 
driven  to  hardpan  and  filled  with  concrete.  These  steel  pipes  had  of  course  nothing  on  the  outside  of  them — not 
even  paint — but  were  entirely  under  the  water  line,  in  the  sand,  and  were  found  to  be  in  a  perfect  state  of  preserva- 
tion. Tliis  would  seem  to  indicate  that  New  York  quicksand  will  preserve  steel  from  rusting  if  it  is  not  disturbed, 
mixed  up  with  chemical  impurities,  or  subject  to  electric  ctirrents.  It  might  be  remarked  here  that  the  concrete 
only  extended  to  within  about  2  ft.  of  the  bottom  of  the  14-in.  underpinning  pipes  or  cylinders  which  had  been 
jacked  down  under  the  buildings,  and  that  the  wiiter  has  never  seen  a  case  yet  where  it  was  possible  to  get  all  the 
sand  out  of  the  pipes.  In  some  cases,  more  or  less  gravel  remained  in  the  pii>es.  This  means  that  the  f  oiindatioa 
of  the  pipes  has  all  the  bearing  on  the  steel  shell,  and  that  if  the  friction  on  the  shell  is  reduced,  the  pipe  will  cut 
into  the  hardpan  or  sand  and  cause  some  settlement.     This  has  hapi>ened  a  number  of  times. 

37.  Foundations  Partly  on  Rock. — Sometimes  it  is  necessary  but  never  desirable  to  have 
part  of  the  foundations  on  bed  rock  and  partly  on  sand,  clay,  or  mud.  Whenever  this  is  the 
case,  the  building  should  be  so  designed  that  a  settlement  in  the  softer  material  will  not  crack 
walls,  plaster,  paper,  etc.  In  many  cases  the  bulk  of  the  settlement  will  occur  during  construc- 
tion, and  the  balance  can  be  taken  up  by  the  blind  joints  in  the  walls,  etc. 

If  the  building  is  to  be  subject  to  vibration  from  machinery,  etc.,  serious  trouble  will  result,  unless  separate 
f (Mindations  either  entirely  on  or  entirely  off  the  rock  can  be  secured  for  the  machinery.  Some  years  ago  a  building 
was  erected  facing  an  elevated  railroad,  with  the  front  of  the  building  on  sand  and  the  rear  on  ledge.  The  owner 
sued  the  elevated  for  damage  to  his  building.  It  is  doubtful  if  he  could  have  recovered  damage  even  if  his  house 
had  been  built  first  instead  of  after  the  railroad,  as  was  the  case. 

88.  Teredo. — Any  structure  with  a  foundation  resting  on  wood  in  salt  water  must  be  pro- 
tected from  the  teredo  and  limnoria.  Both  of  these  borers  have  cut  off  piles  45  ft.  under  water,  in 
Fall  River,  Mass.,  although  the  piles  were  only  150  ft.  from  a  small  sewer.  Two  years  after 
erection,  these  piles  had  been  completely  eaten  through  allowing  the  bridge  pier  to  drop  2  ft. 
over  night.  It  will  be  noted  that  these  animals  started  work  45  ft.  below  the  water  although 
they  are  only  supposed  to  start  between  high  and  low  tide.  At  present,  the  harbors  of  such  cities 
as  New  York  and  Philadelphia  are  too  polluted  with  sewage  to  permit  teredo  or  limnoria  to 
live,  but  some  day  the  sewage  will  be  diverted  and  used  as  fertilizer,  and  then  the  damage  will 
begin.  The  teredo  and  limnoria  are  found  in  many  places  on  Long  Island  Sound  as  well  as  on  the 
coast. 
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89.  Eccentric  Loading. — When  heavy  walls  have  been  built  on  the  property  lines  it  has 
been  the  custom  to  spread  the  base  on  the  inside  of  the  building  only,  thus  having  a  much 
greater  load  on  the  outside  of  the  base  than  on  the  inside.  The  only  defense  for  such  design 
is  that  it  has  been  much  used.  It  would  be  very  much  better  to  carry  the  foimdation  deeper 
and  use  higher  unit  loads,  or  to  use  piles  or  caissons. 

One  disadvantage  of  eccentric  loading  of  this  kind  developed  when  it  was  necessary  to  underpin  with  3-ft. 
diameter  cylinders,  old  walls  having  a  base  of  10  to  12  ft.  in  width.  The  cylinders  were,  of  course,  placed 
directly  under  the  wall  or  the  outside  of  the  bajse,  leaving  7  to  0  tt.  of  the  bajse  overhanging  the  underpinniBg 
cylinders.  Another  disadvantage  is  that  these  eccentric  bases  take  up  an  enormous  amount  of  cellar  room.  It 
would  often  be  cheaper  to  get  deeper  and  better  f oimdations  even  without  allowing  anything  for  the  rental 
value  of  the  space  saved  or  lost. 

40.  Cantilever  Construction. — Eccentric  or  wide  footings  with  the  walls  carried  on  one  sid^ 
making  the  pressure  so  much  greater  on  the  outside  of  the  footing  than  on  the  inside,  are  ob- 
viously incorrect  in  principle  ahd  unsafe  on  soft  grounds.  A  much  better  arrangement  is  a 
system  of  cantilevers.  This  simply  means  placing  a  cantilever  from  the  outer  column  base  to 
one  of  the  interior  bases  so  that  the  cantilever  girders  or  beams  will  have  a  bearing  on  the  center 
of  both  bases,  be  they  spread  footings,  cofferdams  filled  with  concrete,  caissons,  or  piles. 

The  cantilever  will  thus  support  the  outer  column  with  a  short  leverage  arm,  usually  not 
over  a  few  feet,  and  as  the  inner  arm  of  the  cantilever  will  be  held  down  by  the  interior  column, 
the  anchor  arm  leverage  is  generally  from  5  to  10  times  the  overhanging  leverage,  so  the  plan 
b  simple  and  safe  as  long  as  the  girders  or  beams  are  protected  from  rust  and  electrolysis. 

On  soft  ground,  exactness  is  required  in  this  design,  but  in  some  cases  where  the  concrete  caiasons  form  a 
continuous  wall  around  the  lot,  and  are  carried  to  bed  rock  or  good  hardpan,  the  cantilever  girders  might  be  oon- 
siderably  cut  down  on  the  assumption  (1)  that  the  concrete  caisson  would  distribute  much  of  the  weight  over  the 
base  many  feet  below  the  column;  and  (2)  that  the  strength  of  the  concrete  caisson  is  really  so  much  greater  than 
assumed,  that  it  would  safely  carry  the  load  without  overturning  or  crushing. 

When  the  foundation  rests  on  clay  or  sand,  it  is  often  customary  to  use  combined  footings 
(see  Art.  60). 

41.  Bearing  Pressure,  Gross  and  Net. — When  the  foundations  are  comparatively  near  the 
surface  of  the  ground,  the  total  or  gross  pressure  only  need  be  considered;  but  in  some  cases  of 
very  expensive  foundations,  it  is  customary  to  allow  for  the  surrounding  earth,  or  water,  or 
earth  and  water  pressure  combined,  to  deduct  this  from  the  gross  pressure,  and  call  the  result 
the  net  pressure.  For  instance,  if  the  excavation  has  been  carried  to  a  considerable  depth,  the 
probabilities  are  that  the  material  founded  on  would  not  be  compressed  and  could  not  be  squeezed 
out  without  lifting  the  surrounding  material.  If  the  depth  were  100  ft.  and  the  material  water, 
the  amount  to  be  deducted  would  be  6200  lb.,  or  say,  3  tons  per  sq.  ft.  If  in  earth  and  water, 
the  amounts  to  be  deducted  might  be  50%  more  than  this. 

Some  consider  deducting  for  the  friction  of  the  earth  on  the  side  of  the  pier  but  this  is  too  uncertain  an  item 
to  be  relied  upon,  and  excavation  on  adjoining  property  might  reduce  this  friction  to  almost  nothing.  Friction 
on  the  sides  of  caissons  has  been  accurately  calculated  and  varied  on  one  job  from  30  to  650  lb.  per  sq.  ft.  of  surface. 

42.  Wooden  Pile  Foundations. — Wooden  piles  have,  up  to  this  date,  been  used  much  more 
than  other  kinds  of  piles,  and  vary  all  the  way  from  a  3-ft.  block  to  a  90-ft.  pole.  In  some  cases, 
a  hole  is  dug  2  or  3  ft.  deep  and  a  pile  is  placed  in  the  hole  with  its  big  end  down.  But  it  seems 
foolish,  in  such  a  case,  not  to  enlarge  the  hole  so  that  a  mud  sill  can  be  put  under  the  pile,  which 
is,  in  this  case,  really  a  post.  Failure  to  use  such  mud  sills  has  resulted  in  a  bad  collapse  in 
many  places. 

Probably  the  shortest  driven  piles,  for  an  important  building,  were  those  under  the  Campanile  in  Italy.  These 
were  only  about  3  ft.  long  and  were  used  to  compress  the  soil.  As  subsequently  proved,  longer  piles  there  would 
have  broken  through  into  the  water-bearing  soil  and  caused  much  damage. 

42a.  Frictional  Resistance. — Wooden  piles  generally  depend  on  the  frictional 
resistance  of  the  ground  since  a  pile  would  not  have  very  much  strength  as  a  long  column,  even 
if  resting  on  rock.  Piles  are  simply  long  straight  trees  driven,  of  course,  with  the  small  end 
down  and  the  small  end  is  often  not  more  than  4  or  5  in.  in  diameter. 
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The  frictionftl  resistance  of  a  pile  variee  very  greatly  according  to  the  material  driven 
through  and  the  quality  of  the  timber  itaelf.  The  only  eafe  proceeding  in  a  strange  locality 
is  to  drive  a  few  piles  and  put  a  test  load  on  them. 

If  water  is  withdrawn  from  piles,  the  frictional  resistance  is  apt  to  be  destroyed. 

426.  Safe  Load. — The  Building  Laws  of  most  cities  specify  that  the  maximum 
load  ^owed  on  a  wooden  pile  shall  be  20  tons  (New  York  City  and  others)  while  a  few  allow 
25  tons  or  even  a  little  more. 

All  books  on  pile  driving  give  a  drop  hammer  test  for  ascertaining  the  safe  load  to  allow  on 
pilea.  Mid  the  favorite  formulas  are  those  of  Wellington,  former  Editor-in-Chief  of  the  £nj. 
Newt.     They  are: 

For  a  pile  driven  with  a  drop  hammer,  P  —  -  .'^ 

For  a  pile  driven  with  a  steam  hammer,  P  =     ,  ,^  j 
in  which  P  is  the  safe  load  in  pounds,  W  the  weight  of  hammer  in  pounds,  h  the  fall  of  hammer  in 
feet,  and  t  the  penetration  or  sinking  in  inches  under  the  last  blow,  on  sound  wood. 

Judtmeot  muat  be  Merdwd  in  uiina  this  mathod  of  detecmi 

pHWtrmtion  of  m  pile  hu  been  luDicieiit.  hs  hu  been  told  by  name 
we  of  oDe  at  the  above  tormulu,  that  be  miiit  keep  on  diivinf.  w 
aeiuli  the  pile  down  uiywhere  (rom  3  to  S  <t.  Then  Cbe  ioapectac 
■belt  nhicli  you  bsve  brskcD  thcoueh;  now  keep  on  driving  until  jro 
happened  i>  that  the  pile  has  been  broken,  aplit,  or  buahed,  often  In  i 
pile  (see  Fi^.  31  and  32).  Some  piles  which  were  so  butehered  ii 
and  pbotoBiaphed  looked  more  like  a  lot  of  hemp  than  piecea  of  ti 


ation.  for  more  |»1 

es  have  been  deat 

royed  by 

.  a  oontraotot  knc 

.WB  pe.(ecllj  well 

that  the 

toMBg  well  meanin 

.  mal(i„( 

lyfuliy  eicUima.  - 

in  a  thin 

reach  a  bard  bott. 

DID."     But  What  1 

IBS  really 

leh  a  way  M  to  ma 

ke  it  absolutely  uHlees  tea 

Back  Bay,  Bostoi 

1,  and  afterwards 

removed 

— Filca,  ihowiuc  nault  of  loo  much  drlTiog.  Pia,  32. — Piles,  abowiDS  re 


The  B*t,.  JV«».,  Jan.  U,  1S09.  bas  an  illustrated  artii^le  of  some  piles  in  Columbu 

IS,  Ohio,  which  were  after- 

split,  some  broken,  and  some  bushed,  while  many  had  no  bearing  value  left. 

The  proper  place  lor  pilee  is  in  soft  iround,  sand  or  clay,  lor  in  hard  ground  or  grav 

el,  etc.,  a  spread  footing  of 

concrete  wonld  probably  be  better.     When  u.ed  in  soft  ground,  the  pile  should  be  dri 

Hstance  is  sufficient  to  hold,  say  20  tons,  or  until  a  hsrder  strata  has  been  reached.     The 

1  depth  of  the  harder  strata 

If  the  boring*  indicate  a  great  depth  of  silt  or  other  soft  material,  then  a  cluster  of  f. 

lur  or  more  pile*  should  be 

driMO.  capped,  allowed  to  eUnd  for  a  week  or  so.  and  then  lesled.     For  instance,  at 

Perth  Amboy.  90-tt.  piles 

were  driven  (the  steam  faainmer  followed  the  pile  30  ft.  under  water)  in  8  min.,  withou 

t  reaching  any  harder  ma- 

terial.     Then  a  teat  load  of  ISO  tons  was  placed  on  four  of  these  piles  (40  tons  on  each 

)  which  had  properly  been 

capped,  but  no  settlement  occurred. 

In  CBHia  where  hardpan  or  other  impenetrable  straU  ensU  within  driving  distance. 

a  watet-iet  pipe  should  be 

put  down  for  each  pUe.  so  that  the  length  to  be  driven  will  be  known  before  starUng. 

4Sc.  Spacing  of  Piles. — The  best  spacing  for  wooden  piles  under  buildings  is 
to  center.     This  does  not  apply  io  bents  for  railroad  trestles  where  the  spacing  is 
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usually  greater.     To  put  piles  much  closer  than  this  is  to  destroy  the  frictional  resistance  and 
sometimes  to  disturb  the  ground  to  such  an  extent  that  piles,  previously  driven,  are  forced  up. 

Close  spacing  was  adopted  iinder  the  Park  Row  Building.  New  York,  with  the  residt  that  it  was  found  im« 
possible,  with  the  hammer,  etc.,  used,  to  drive  the  piles  as  far  as  expected  and  10  or  15  ft.  or  more  were  cut  off 
the  top  of  many  of  the  piles,  which  were  none  too  l(mg  to  start  with.  And,  in  addition,  some  groups  of  piles  were 
noticeably  out  of  plumb. 

In  another  case,  the  owner  and  contractor  were  so  sure  that  the  piles  under  their  building  were  driven  to  hard- 
pan  that  they  were  quite  confident  of  the  safety  of  their  building,  but  the  first  caissons  on  the  adjoining  lot  dis- 
closed the  fact  that  the  piles  were  not  only  not  plumb,  but  were  also  not  within  15  ft.  of  the  hardpan.  The  owner 
of  the  old  building  paid  many  thousands  of  dollars  to  have  his  structure  underpinned  safely. 

42d.  Cutting  Off  Piles. — Wood,  when  wholly  under  water,  has  remained  per 
fectly  sound  for  centuries,  but  if  wet  and  dry  alternately,  will  soon  be  destroyed.  Consequently 
piles  should  be  cut  off  so  that  they  will  always  be  under  water.  If  wood  caps  are  used,  the  caps 
also  should  be  permanently  under  water. 

The  difficulty  is  to  ascertain  the  lowest  probable  elevation  of  water.  For  instance,  in  New  York  City  in  many 
places  the  ground  water  stands  from  6  to  9  ft.  above  high  tide.  New  excavations  are  apt  to  lower  and  have  lowered 
this  level,  at  least  temporarily,  even  below  the  high  tide  level.  (Since  the  above  was  written,  the  ground  water 
level  has  been  found. to  be  2  ft.  below  the  high  tide  level.)  In  one  case,  the  piles  were  driven  in  the  bed  of  an 
old  creek,  still  running  under  ground,  and  a  tunnel  permanently  lowered  the  water  level  34  ft.  A  great  many 
similar  cases  could  be  cited 

42e.  Capping  Piles. — In  early  days,  the  ordinary  cap  for  a  pile  was  of  wood  or 
stone.  Now,  however,  wherever  concrete  can  be  readily  made,  it  is  by  far  the  best  material  for 
capping  wood  or  concrete  piles.  It  is  stronger,  does  not  rust  out,  and  if  necessary,  can  be 
strengthened  by  reinforcing  with  steel.     It  is  also  a  protection  against  the  teredo  and  limnoria. 

42/.  Kind  of  Wood  for  Piles. — The  kind  of  wood  used  for  piles  will  generally  be 
determined  by  what  is  most  easily  obtained  and  by  the  cost.  Pine,  hemlock,  spruce,  and  many 
soft  woods  make  admirable  piles.  Cedar,  hickory,  oak,  etc.,  are,  of  course,  much  tougher  and 
more  durable,  and  therefore  desirable  when  they  can  be  obtained  of  proper  lengths  and  at 
reasonable  cost. 

A2g.  Size  of  Piles. — The  size  of  piles  depends  entirely  on  the  character  of  the 
structure,  material  at  hand,  etc.  The  most  common  requirement  for  building  purposes  is  given 
by  the  New  York  Building  Laws,  which  specify  that  the  diameter  at  the  point  shall  be  not  leas 
than  6  in.  and  at  the  butt  10  in.  for  piles  not  over  26  ft.  long,  and  12-in.  diameter  at  the  butt 
for  piles  over  this  length. 

42h,  Water  Jet — In  some  soils,  like  New  York  quicksand,  it  is  a  great  advan- 
tage to  water  jet  the  site  of  each  pile  and  even  to  work  a  jet  pipe  (ordinary  gas  pipe  through  which 
water  is  forced  under  pressure)  up  and  down  as  the  pile  is  being  driven.  In  such  a  soil,  the 
driving  is  greatly  facilitated,  and  the  disturbance  to  the  adjoining  soil  much  reduced.  While 
the  pile  is  thus  easily  forced  down,  the  material  flows  back  and  binds  or  sticks  to  the  wood, 
increasing  the  frictional  resistance  enormously.  In  solids  where,  on  the  contrary,  the  water 
jet  would  merely  make  a  hole  which  would  not  fill  itself  up  again,  the  jetting  would  not  be 
desirable. 

42i.  Advantages  of  Wood  Piles. — Wood  for  permanent  piles  should  only  be  used 
where  it  will  always  be  under  water,  in  which  condition  it  will  practically  last  forever,  and  if 
properly  designed  and  driven,will  afford  an  absolutely  safe  foundation.  But  as  wooden  piles 
should  and  do  depend  mainly  on  the  frictional  resistance  of  the  ground,  any  withdrawal  of  the 
ground  water  will  not  only  cause  the  wood  to  rot,  but  would  also  remove  the  greater  part  of  its 
sustaining  capacity. 

One  very  important  advantage  wood  has  over  steel  or  concrete  for  piles  is  "safety  in  num- 
bers"— ^that  is,  as  a  wooden  pile  is  only  supposed  to  carry  about  20  tons,  which  is  the  proper 
working  limit,  a  number  of  piles  are  used  for  each  support,  so  if  one  pile  of  the  group  is  out  of 
plumb,  or  broken,  or  bushed,  the  foundation  will  still  be  safe;  whereas,  if  only  two  or  three 
piles  of  the  stronger  materials  are  used,  a  defect  in  one  or  two  of  them  would  jeopardize  the 
safety  of  the  structure. 
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Wooden  pies,  at  present  at  least,  in  most  places,  are  cheaper  than  concrete  or  steel  piles, 
although  concrete  is  usually  cheaper  than  the  same  volume  of  wood. 

4S.  Concrete-pfle  Fotmdations. — Concrete  piles  may  be  divided  roughly  into  two  classes — 
"pre-cast"  and  "made  in  place" — and  they  may  be  reinforced  or  not,  though  pre-cast  piles 
always  should  be  and  probably  always  are. 

The  advantages  of  concrete  piles  are  their  great  strength  and  durability.  They  are 
practicaUy  free  from  danger  of  deterioration  if  wholly  in  the  ground  and  cannot  be  attacked 
by  the  teredo  or  other  borers. 

If  used  in  harbors  and  extended  above  the  low  water  Unes,  the  chief  trouble  is  weathering 
from  frost,  chemical  action,  etc.  The  trouble  from  chemical  reaction  increases  as  the  climate 
becomes  warmer — ^that  is,  in  tropical  climates.  Freezing  is  much  more  apt  to  destroy  piles  which 
have  less  cement  than  one  part  cement  to  two  parts  of  sand,  which  proportion  is  required  to 
ensure  the  voids  of  the  sand  being  filled  with  cement. 

One  disadvantage  of  these  piles  is  the  practice  of  allowing  very  much  greater  loads  on  concrete  than  on  wood* 
thereby  reducing  the  number  of  piles  used.  For  instance,  a  good  structural  steel  designer  knows  that  two  rivets  do 
not  make  an  ideal  joint  for  there  always  ought  to  be  at  least  two  bolts  to  hold  the  shapes  together,  while  a  rivet  is 
being  driven  in  the  third  hole.  Similarly,  the  writer  doee  not  consider  that  two  piles  will  ever  be  a  good  design  for 
ecdunin  footing,  for  in  this  case,  if  one  pile  is  out  of  plumb  (and  it  is  hard  matter  indeed  to  drive  piles  plumb  or  to 
detect  a  deflection),  then  a  very  unsafe  condition  may  exist  without  being  even  suspected;  whereas,  with  a  large 
number  of  piles  in  the  unit,  if  a  few  were  out  of  plumb  and  in  different  directions,  they  would  simply  act  as  batter 
piles  and  strengthen  the  foundation  unless,  as  unfortunately  sometimes  occurs,  they  all  assume  the  same  batter  in 
the  same  direction. 

Another  disadvantage  of  concrete  and  steel  piles  is  that  the  smooth  surfaces  do  not  afford  the  same  friotional 
resistances  as  wood,  and  more  reliance  is  placed  on  their  value  as  long  or  short  columns,  so  they  would  have  to  be 
fairly  long  to  obtain  enough  frictional  resistance  to  develop  the  full  strength  of  the  reinforced  concrete. 

To  act  as  columns,  pUes  should  have  a  fair  bearing  on  the  bottom,  and  as  they  are  usually  made  flat  instead  of 
pointed,  this  means  that  if  a  pile  is  driven  to  hardpan  or  gravel  and  boulders,  etc.,  it  would  very  likely  strike  a  boul- 
der on  one  side.  This  might  result  in  breaking  off  one  or  more  corners  of  the  pile,  or  in  deflecting  the  pile  itself,  in 
which  case,  it  might  even  break  the  pile,  as  has  frequently  happened  with  wooden  piles.  With  only  two  or  three 
pOee  under  a  column  and  one  or  two  of  them  battered  or  resting  partly  on  a  boulder,  the  frictional  resistance  might 
be  sufficient  to  hold  the  building  until  some  adjoining  excavation  withdrew  the  water,  thereby  removing  the  adhe- 
sion of  the  soil  to  the  pile  with  a  resulting  settlement  of  the  building.  These  are  not  imaginary  conditions  but  those 
that  have  been  known  to  occur  over  and  over  again  with  wooden  piles. 

It  might  be  noted  here  that  boulders  in  New  York  hardpan  are  sometimes  as  much  as  7  ft.  thick  so  they  could 
not  be  displaced  by  the  driving  of  the  pile  or  pipe. 

4Sa.  Pre-cast  Piles. — Pre-cast  piles  are  reinforced  with  steel  rods  and  are  of  rich 
concrete  and  are  then  driven  like  wooden  piles.  The  New  York  Building  Laws  stipulate  that 
"the  pile  shall  be  not  less  than  8  in.  at  the  bottom  and  not  average  less  than  12  in.  in  thickness; 
shall  not  contain  more  than  4  %  of  steel  reinforcement;  that  the  length  shall  not  exceed  20 
times  the  average  thickness,  if  driven  to  rock,  nor  40  times  if  not  driven  to  rock." 

"When  driven  to  rock,  the  allowable  load  shall  not  exceed  500  lb.  per  sq.  in.  of  concrete  per 
average  cross  section,  and  6000  lb.  per  sq.  in.  on  the  steel  longitudinal  reinforcement.  When  not 
driven  to  rock,  the  carrying  capacity  is  to  be  determined  by  test.' 
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The  New  York  Building  Laws  also  require  that  if  a  pile  is  to  be  driven  to  rock,  it  shall  have  an  iron  shoe.  If 
the  iron  shoe  has  a  flat  bottom  8  in.  wide,  then  the  probabilities  are  that  only  one  point  would  bear  on  the  rock,  as 
bed  rock  cannot  be  assumed  to  be  leveL  If,  on  the  other  hand,  it  has  a  pointed  shoe,  there  would  be  danger  of  the 
shoe  hitting  a  rock  or  boulder  and  deflecting  the  pile. 

One  of  the  advantages  of  a  pre-cast  concrete  pile  is  that  it  can  be  made  of  uniformly  varied  cross  section  as 
required*  while  a  wooden  pile  cannot  often  be  found  so. 

In  the  great  army  base  in  Brooklyn,  which  consists  of  vast  reinforced  concrete  buildings  resting  on  fine  concrete 
piles,  no  borings  were  made  to  ascertain  the  nature  of  the  subsoil  before  driving  the  piles,  with  the  result  that  the 
buildings  settled  some  15  in.,  requiring  the  underpinning  of  the  new  reinforced  concrete  building. 

486.  Piles  Built  in  Place — Raymond  Pile. — The  Raymond  pile  is  formed  by 
driving  a  steel  shell  into  the  ground  on  a  mandrel  that  can  be  collapsed  and  withdrawn. 
Then  the  hole  is  filled  with  concrete — reinforced,  or  not,  as  desired.  The  permanent  steel 
shell  used  outside  of  the  mandrel  has  the  great  advantage  of  preventing  any  sand  from  flowing 
in  as  the  mandrel  is  withdrawn. 
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The  Simplex  PUe. — The  Simplex  pile  is  made  by  driving  down  a  closed  steel  pipe  and  with- 
drawing it  while  concrete  is  forced  out  at  the  bottom. 

Pedestal  Piles, — Pedestal  piles  are  supposed  to  have  a  spread  footing  obtained  by  driving 
the  concrete  out  at  the  bottom  of  the  shaft,  at  the  same  time  compressing  the  surrounding  soil. 

Chenoweth  Pile. — A  Chenoweth  pile  is  made  by  spreading  mortar  over  a  wire  mesh  and  then 
rolling  the  wet  mass  into  the  shape  of  a  pile  which,  after  setting,  is  placed  in  an  ordinary  pile 
driver. 

Breuchaud  Pile. — The  Breuchaud  pile  consists  of  driving  an  open  steel  pipe  into  the 
ground,  washing  out  the  sand  or  blowing  it  out  by  air  pressure,  and  then  filling  the  pipe  with 
concrete.  If  the  steel  is  always  under  water,  it  will  never  rust  out  and  the  pipe  can  be  filled 
with  good  concrete  almost  to  the  bottom. 

Compresol  Pile. — A  compresol  pile  is  formed  by  making  a  hole  in  the  ground  with  a  pear 
shaped  weight  operated  by  a  pile  driver,  and  tamping  concrete  in  the  hole. 

41.  Sand-pile  Foundations. — Sand  piles  are  hardly  to  be  recommended,  as  a  more  reliable 
foundation  can  nearly  always  be  obtained.  They  simply  consist  of  making  holes  in  the  groimd 
by  means  of  a  wooden  pile  or  some  other  method,  and  then  ramming  sand  into  the  hole. 
The  French  probably  originated  this  method  and  found  it  desirable  before  the  days  of  good 
cheap  Portland  cement  concrete. 

46.  Excavating. — When  making  excavations  for  foundations  above  the  water  line,  the 
amount  of  bracing  required  will  depend  entirely  on  the  judgment  of  the  man  in  charge.  The 
older  or  more  experienced  men  are  apt  to  use  the  heavier  bracing. 

In  a  rush  job  in  Brooklyn,  once  the  writer  saw  a  contractor  dig  holes  5  or  6  ft.  square,  some  12  to  15  ft.  deep, 
almost  plumb  sides,  without  any  timbering  or  shoring  of  any  kind;  but  while  it  was  in  good  stiff  ground  (clay,  sand, 
and  boulders)  it  was  taking  a  big  risk  for  the  slightest  slide  would  have  killed  the  men  in  the  bottom  of  the  shaft. 

In  a  few  cases,  it  might  pay  to  excavate  to  depths  of,  say  5  or  6  ft.,  by  sloping  the  sides  and  then  back  filling 
instead  of  timbering.     As  a  rule,  however,  if  the  ground  is  at  all  soft,  it  will  pay  to  timber  the  sides. 

46a.  Wooden  Sheet-piling. — The  old  method  was  to  set  1  or  2-in.  planks,  and 
as  the  men  excavated,  to  drive  these  planks  into  the  ground,  holding  them  in  place  with  rec- 
tangular bracing.  These  planks  were  usually  6  to  8  ft.  long,  and  when  they  had  been  driven, 
a  fresh  set  was  started  inside  (about  6  or  8  in.,  according  to  the  size  of  the  bracing  timbers)  and 
so  on  down,  the  hole  not  only  getting  smaller  and  smaller  as  each  tier  of  plank  was  driven, 
but  also  very  often  being  forced  out  of  line.  This  was  generally  a  haphasard  method  and  often 
it  was  not  known  how  far  the  excavation  was  to  be  carried  when  it  started. 

Nowadays,  the  best  practice  is  to  ascertain,  by  borings,  etc.,  just  how  far  the  sheeting  is  to 
be  driven  and  then  driving  it  in  one  length,  properly  braced.  The  thickness  of  this  sheeting  will 
depend  entirely  on  the  nature  of  the  ground  and  the  depth  required.  For  holes  up  to  10  ft., 
from  2  to  3-in.  plank  wiU  usually  be  sufficient;  with  from  6  to  8-in.  plank,  up  to  about  20  ft. 

In  the  Harlem  River  tunnel,  three  12  X  12-in.  timbers  were  bolted  together  with  a  tongue  on  one  of  the  outside 
timbers  made  of  a  3  X  4-in.  timber  and  a  corresponding  groove  on  the  other  outside  12  X  12  made  of  two  3  X  4-in. 
timbers;  each  pile  being  12  X  36  in.  by  about  40  ft.  long.  On  account  of  the  bolting,  the  pile  driver  was  able  to 
force  3  ft.  of  horicortal  sheet  piling  down  at  a  time.  These  were  driven  about  40  ft.  under  the  water  and,  after 
the  roof  of  the  ttmnel  had  been  simk  on  two  Unes  of  this  sheeting,  compressed  air  was  used  to  enable  the  excavation 
to  be  completed.  This  piling  is  known  as  the  Wakefield  sheet-piling  and  is  nothing  more  than  a  built-up  tongue 
and  groove  sheeting.  The  original  Wakefield  sheeting  consisted  of  bolting  three  planks  together  in  such  a  way  that 
the  center  plank  formed  a  tongue  at  one  side  and  the  other  two  a  groove. 

In  some  oases,  12  X  12-in.  sheeting  driven  for  a  SO-ft.  excavation,  and  heavily  braced  every  8  ft.  horisontally 
and  from  3  ft.  (at  the  bottom)  to  5  ft.  (at  the  top)  vertically,  have  been  badly  distorted,  sometimes  being  shoved  in 
2  or  3  ft.,  the  bracing  timbers  cutting  into  each  other. 

Generally,  where  the  worst  damage  occurs,  the  excavated  material  is  more  or  less  plastic  and  is  dumped  right 
outside  of  the  cofferdam.  Every  bucket  of  soft  material  dumped  seems  to  act  like  a  hydraulic  ram  with  accumula- 
tive action,  until  no  amount  of  bracing  will  stand  the  strain.  It  always  pays  to  have  a  reasonable  excess  strength 
in  the  sheeting  and  bracing,  and  to  avoid  dumping  too  much  of  the  excavated  material  outside  of  the  cofferdam. 

466.  Steel  Sheet-piling. — In  recent  years,  many  different  kinds  of  interlocking 
steel  sheet-piling  have  been  used  successfully.     This  kind  of  sheeting  was  first  tried  out  in 
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Chicago  by  Friestedt,  Jackson,  and  others.     It  works  to  its  best  advantage  in  soft  material, 
clay,  sand,  etc.,  where  it  can  be  assisted  by  the  water  jet,  if  necessary. 

Steel  sheeting  is  not  adapted  to  hard  ground  containing  boulders,  etc.,  unless  the  excava- 
ticm  can  precede  the  driving.  In  Brooklyn,  some  very  heavy  steel  sheeting  was  driven  for  a 
dry  dock  and  after  a  failure,  was  abandoned  and  the  work  completed  by  pneumatic  caissons. 
Hie  steel  sheet-piling,  when  removed  by  the  caisson  work,  was  found  to  have  been  twisted  and 
rolled  up  until  it  would  have  been  hard  to  guess  as  to  the  original  shape. 

Sometimefl,  sheet-piling  is  driven  in  double  lines  as  much  as  25  ft.  apart,  and  the  space  between  filled  with  sand, 
elay,  etc.,  to  make  a  water-tight  cofferdam.  In  this  case,  the  piling  b  driven  in  a  series  of  half  circles  tied  together, 
giving  a  strength  that  could  never  be  obtained  by  parallel  lines.  This  plan  was  adopted  by  General  Black  for  rais- 
ing the  Maine;  then  used  by  his  son  for  the  dam  in  the  Hudson  River  near  Troy.  It  was  abo  used  for  the  big  docks 
in  New  York  City  at  4dth  St.  and  Harlem  River.     These  cases  have  been  illustrated  in  the  Eng.  Newi. 

46c.  Poling  Board  Method. — In  Chicago  many  shafts  have  been  sunk  by  the 
vertical  poling  board  method — that  is,  inserting  the  lining,  timber  or  steel,  as  the  shaft  is 
excavated.  This  is  like  constructing  a  tunnel  vertically,  ^nd  has  been  carried  as  deep  as  100 
ft. 

iAd,  Cofferdams. — Cofferdams  are  generally  constructed  by  driving  steel  or 
wooden  sheeting  in  advance  of  the  excavation,  or  simultaneously  with  it,  and  inserting  sufficient 
bracing  to  keep  the  sheeting  in  place.  The  amount  of  this  bracing  is  often  seriously  under-es- 
timated, with  the  result  that  the  sides  are  bulged  in  from  2  to  5  ft.,  and  much  trouble  follows. 
Open  cofferdams  are  rarely  used  where  the  water  is  over  30  ft.  deep,  as  pneumatic  caissons 
would  generally  be  more  economical. 

A  common  construction  is  to  have  double  walls  and  pack  mixtures  of  clay,  gravel,  etc., 
between  the  waUs.  But  when  a  leak  starts  under  these  walls  it  is  very  hard  to  stop.  Where 
the  current  is  not  too  strong,  much  earth  has  been  dumped  outside  of  the  cofferdams  in  an 
endeavor  to  stop  the  flow  of  water. 

Open  cofiferdame  were  trie4  in  19  ft.  of  water  where  there  was  practically  no  earth  or  mud  on  top  of  the  rook, 
but  were  abandoned  for  pneumatic  caissons  which  proved  to  be  cheaper  and  quicker.  In  other  places  where  the 
cofferdams  could  not  be  made  water-tight,  5  ft.  of  concrete  was  dumped  under  water,  and  after  the  concrete  had  set 
for  a  couple  of  weeks,  the  cofferdams  were  pumped  out,  and  the,  rest  of  the  work  was  done  in  the  dry.  Unfortu- 
nately, in  many  oases  such  concrete  seems  to  set  hard  except  around  the  edges,  where  it  is  really  needed,  and  the 
cofferdams  still  leak. 

45e.  Pneumatic  Caissons. — Caisson  comes  from  the  French  word  "caisse," 
a  box,  and  in  foundation  work  a  pneumatic  caisson  has  four  sides  (or  it  may  be  circular)  and  a 
roof,  but  no  bottom.  The  roof  has  one  or  more  holes  for  shafts,  usually  about  3  ft.  in  diameter, 
for  the  passage  of  men  or  material  from  the  outer  air  into  the  working  chamber.  An  air  lock 
prevents  the  air  pressure  in  the  working  chamber  from  being  seriously  reduced  while  men  or 
material  are  passing  in  or  out. 

The  air  pressure  in  the  working  chamber  is  kept  just  high  enough  to  balance  the  water 
pressure.  If  the  air  pressure  is  too  high,  it  blows  out  and  allows  the  water,  sand,  etc.,  to  rush  in, 
while  if  the  air  pressure  is  too  low,  the  water  rushes  in,  drowns  the  men,  and  probably  fills  the 
working  chatnber  with  mud,  etc.  A  cubic  foot  of  water  weighs  about  62.5  lb.,  giving  a  pressure 
on  its  base  of  0.434  lb.  per  sq.in.  If  the  water  is  10  ft.  deep,  the  air  pressure  required  will  be 
4.34  lb.  per  sq.  in.  If  100  ft.  deep,  it  will  be  43.3  lb.  per  sq.  in.,  which  is  nearly  the  limit  of 
human  endurance. 

For  iht  Municipal  Building  of  New  York  City,  the  maximum  pressure  actuaUy  worked  in  was  49  to  50  lb.,  at 
a  depth  of  112  ft.  French  experiments  have  raised  the  pressure  in  a  specially  constructed  glass  cage  to  76  lb.  per 
•q.  in.,  keeping  the  men  who  did  no  work,  under  close  personal  observation. 

The  first  very  large  caissons  built  in  this  country  were  of  massive  wooden  construction  having  wooden  decks 
10  ft.  thick.  Subsequent  designers  even  used  oak  decks  (roofs  of  caisson)  10  or  12  ft.  or  more  in  thickness.  Later 
wooden  caissons  have  been  built  with  decks  3  ft.  thick  and  finally  only  1  ft.  Complete  designs  for  the  wooden 
oaaason  used  for  the  extension  of  the  Manhattan  Life  Building  were  given  in  the  Trans.  Can.  Soc.  C.  £.  vol.  XXIII, 
1909.  pp.  320-341. 

The  first  high  buihling  to  be  founded  on  pneumatic  caissons  was  the  Manhattan  Life  Building,  New  York  City, 
1893.     The  caissons  were  built  of  steel  plates  and  shapes  of  a  massive  construction  about  9  ft.  high  (published  in 


362,  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  SnlSf 

th«  Bng.  Rte.).     Thadsck  wu  7  ft.  high  aDd  curled  tba  brick  piers  whisb  *ere  built  mnrand  tha  worliiEw  abkfti  u 

tbe  catsMn  tunk.     It  wu  found,  bowevec.  ttut  tbo  Iriction  of  tbe  eirtb  dq  tha  sidaa  of  tliii  brick  muonry  vu  » 
grakt  tbat  lbs  joiati  were  foreed  open,  lo  tba  neit  advuce  vu  to  build  soacrdama  of  ateel  frotn  the  taiaaona  Dp. 

SlfiCl  caiasona.  round  and  reotanaular.  have  been  muob  u«ed.  ona  of  tba  piindpal  buildinn  bEiuc  tba  Mutual 
life,  ducTibedintheftv-ATiwi.  pp.  221-E2T.Marcb2S.  1901.  Tha  creat  eoat  of  the  ateel  work  baa  nearly  elltni: 
Dated  Bteel  oaiuom.  lendinc  desi«iiarB  firat  back  to  tbe  wood,  then  to  reinloread  eonorete.  uid  aomctiraea  back  to 

trary  it  baa  been  found  that  tbe  concrete  doea 
hold  air  mu 


•Dd  doea  not  require  tb 

ofjnintanoriaaconorel 

Le  oaiaaoD  aubject  to 

fire.     A  fire  in  a  woode 

under  water,  ma  alwara  one  of  tbe  hardeat 

ply  (eediniit.     Even  ScHidina  the  workini 

eitiacuiah  the  fire. 

be  built  from  the  cuttin; 

I  edge  to  tbe  top  (up 

to  36  ft.  in  h«aht  ao  Iar|  before  ainkina  com- 

menea,  they  are  tbe  mt 

tbe  work  baa  to  be  done 

upa"  where  tbe  brat  aec 

or  other  we«ht8  added  1 

For  ainldne,  then  the 

.pi,ironi,rem<,v«l. 

naecondaectiouofooner 

eta  added  to  the  finL 

(or  unking,  and  thia 

operation  repeated  eevt 

■T^  lime..  !t  wiU  be 

n   of  aU  wood  would 

VB17  much  cheaper 

and  quioker  job  oould  bi 

i  obtained  by  havinc 

a  lifht  cofferdam  of  uy  : 

a-in.  plank,  from  the 

in  eauaed  by  the  inalerial  aattlinc 
d  binding  tbe  Ml»on  durina  t 
lita.  which  waita  have  amounted  U 


Design*. — The  design  ot  a  pneumatic  caisson  is  almost  entirely  a  matter  of  experience  and 
good  judgment,  foe  while  theoretically,  when  a  caisson  is  being  sunk,  the  air  pressure  in  the 
working  chamber  is  high  enough  to  balance  the  water  pressure  on  the  outside — which  leads  some 
to  think  that  there  is  practically  do  pressure  on  the  chamber  walls— it  is  known  that  the  air 
pressure  is  frequently  lowered  to  normal,  purposely  or  accidentally,  in  which  event  the  water 
pressure  from  the  full  head  would  tend  to  collapse  the  caisson  before  the  water  flows  into  the 
working  chamber. 

This  is  a  condition  that  is  sure  to  occur,  and  if  the  caissoD  is  truly  vertical,  which  it  almost 
never  is,  and  in  uniform  material,  such  as  sand,  the  maximum  stress  might  be  obtained ;  but  it  is 
known  from  experience  that  it  la  very  far  from  being  the  maximum.  It  is  a  common  occurrence 
for  boulders,  hard  mssses  of  clay,  etc.,  to  be  encountered  on  one  side  of  the  caisson  or  the  other 
with  the  result  that  the  caisson  ia  thrown  out  ot  plumb,  the  effect  being  like  the  "hogging  of  a 
ship. "  In  one  case  at  least  this  was  sufficient  to  break  the  walls  of  the  working  chamber  away 
from  the  deck  when  the  cutting  edge  was  still  20  ft.  above  hardpan.  It  was  then  found  neces- 
sary to  continue  the  excavation  like  a  vertical  shaft,  putting  in  timber  lining  all  tbe  way  down 
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and  leaving  the  cutting  et^e  where  it  was.  The  steel  ceussoqb  of  the  Commercial  Cable  Build- 
ing, 1896-7,  had  W-'U-  steel  side  plates  with  heavy  angle-iron  supports  every  3M  ft.  in  the  walls 
of  the  wortdng  chambers.    These  plates  buckled  inward  about  2  to  3  in. 

t.  boiUonUI  lBnjth«.  it «  aood  prKtice  to  put  in  two  eroM  «trutB  mbout  &  fool  or 
suHODi  up  to  10  ft.  in  Tidth,  thess  atniU  should  ba  the  equivBlent  of  n  13  X  IS 
ad  iteei  tie  rod.     In  wide  cusiodii.  these  ittuta  bavs  b«D  msde  to  set  u  truH« 

with  the  roof  or  decic.     Wbils  it  ia  ths  utmost  importnuM  to  pcevent  ■  pouible  ooUapH  of  the  aide  walli.  it  muit 

tlao  be  remembered  thst  every  strut  put  in  the  workiac  chunber  urestly  adds  to  the  cost  of  the  eicavation.  inl«r- 

lerinK  with  the  handling  of  the  buclcet,  makina 

dicing  more  diffleulli  and  fivquently  makins 


CtUtinD  Edges. — More  money  has 
been  waated  on  elaborate  cutting 
edgea  than  on  any  other  part  of  the 
caisson.  Theoretically,  the  cutting 
edge  should  be  a  knife  edge,  penetrat- 
ing the  material  easily  and  permitting 
the  pick  and  shovel  to  get  directly  up 
to  the  outside  of  the  cutting  edge. 
This  effort  has  resulted  in  many 
cutting  edges  being  designed  of  steel 
plates  (vertical)  stiffened  by  angles, 
etc.  The  only  place  that  such  a 
cutting  edge  will  work  is  in  soft  ground 
where  it  is  hardly  needed,  and  when 
it  is  really  needed,  that  is,  in  hard 
ground  where  the  pick  or  crowbar  is 
used,  it  will  not  answer  because  the 
weight  of  the  caisson  above  is  sure  to 
buckle  it  so  badly  that  it  will  have  to 
be  removed. 

These  plate  and  angle  cutting 
edges  are  not  only  useless  but  also 
very  expensive,  and  it  is  better  to  use  a 
up.     This  works  well  for  either  wood  oi 

A  e-ia.  angle  iron  with  one  lea  horiionUi  and  tl 
tal  lee  beinf  firmly  attached  to  the  wood  or  ooncreti 

In  most  pUees  a  fl  or  S-in.  oalc  or  pine  timber  will  be  perfectly  Mtiefaetory  though  Che  steel  angle  or  channel 

The  lour  coraen  ot  the  cutting  edges  should  be  etrongly  braced  to  avoid  danger  o(  the  caisson  being  twisted  out 
of  ita  rectangular  shape. 

Many  caisaons — sspeeially  when  of  wood  or  iteel — have  their  surfaeea  badly  warped,  which  makes  the  sinking 
much  more  diSealt,  Incnaaing  enormously  the  IrictioDsl  reoistance  to  be  overcome. 

SUd  CaiiMoni. — For  rectangular  steel  caissons,  ^g-in.  side  plates  should  be  used  with 
stiCfener  brackets  made  up  of  4  angles  3  X  3>^  X  %  in.,  the  vertical  pair  being  riveted  to  the 
side  plates  and  the  other  inclined  pair  restii^  on  a  6  X  6  X  ^-in.  shelf  angle  which  is  riveted 
to  th«  side  plates  all  around,  the  horizontal  flange  of  the  6  X  6  X  ^-in.  angle  being  12  in. 
above  the  cutting  edge,  the  vertical  leg  of  this  angle  being  below  the  horizontal  leg.  The  top 
of  the  inclined  angles  of  the  brackets  are  riveted  to  the  deck  about  2  ft.  or  more  from  the  side 
walls.  These  brackets  should  be  spaced  about  4  to  5  ft.  centers  depending  on  the  depth  to  be 
sunk,  material,  etc. 

For  the  circular  steel  caisson,  the  shell  should  be  from  ^  to  ^  in.  thick,  unless  the  depth 
is  very  great  and  in  bad  soil.     These  caissons  should  also  have  a  bottom  shelf  angle  from  3M  X 
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3K  X^in.  to6X6X^  in.,  according  to  the  diameter  of  the  caisson.  No  brackets  are 
needed  for  a  circular  caisson  up  to  say  15  ft.  in  diameter,  but  a  3M  X  3>i  X  H-in,  ring  angle 
should  be  riveted  to  the  side  plates  half  way  between  the  bottom  shelf  angle  and  the  deck. 
There  should  also  be  a  12  X  3^-in.  steel  plate  riveted  to  the  bottom  of  the  side  plate  all  around. 

The  joints  of  the  side  plates  should  be  "butt  joints'*  with  splice  plates.  All  rivet  heads  on  the  outside  of  the 
caisson  should  be  countersunk.  The  steel  caissons  should  be  caulked  from  the  inside  against  air  pressure,  and  from 
the  outside  against  water  pressure.     This  is  quite  a  difficult  thing  to  get  properly  done. 

The  deck  or  roof  should  be  of  ^-in.  steel  plates  with  sufficient  I-beams  to  support  the  weight  of  the  concrete 
while  it  is  setting  unless  this  weight  is  carried  by  temporary  bracing  in  the  working  chamber  as  in  the  case  of  a  con- 
crete caisson. 

The  co£Ferdam  for  a  steel  caisson  depends  entirely* on  the  sise  of  the  caisson  and  especially  whether  or  not  the 
concrete  inside  of  the  co£Ferdam  is  kept  as  high  as  the  water  around  the  caisson.  For  cairaons  in  cities,  tiie  concrete 
is  generally  above  the  ground  line  and  even  then  much  extra  weight  in  the  shape  of  iron  blocks  or  pig  iron  are  re- 
quired to  overcome  the  friction.  Large  river  caissons,  on  the  other  hand,  are  often  so  heavy  in  comparison  with 
the  frictional  resistance  of  the  ground  that  the  top  of  the  concrete  on  the  deck  in  the  cofferdam  is  often  20  or  30  ft. 
below  the  water  around  the  caisson,  in  which  case  the  cofferdam  must  have  very  ample  bracing. 

One  advantage  of  a  steel  caisson  is  that  it  gives  more  room  in  the  working  chamber  of  small  caissons  and  makes 
it  easier  for  the  men  to  work  under  the  cutting  edge — but  it  would  often  be  cheaper  to  use  larger  caissons  of  either 
wood  or  concrete. 

Wooden  and  steel  caissons  generally  have  a  flat  deck  or  roof,  6  ft.  above  the  cutting  edge. 

Caissons  of  Wood, — If  small,  wood  caissons  can  be  made  of  vertical  tongued-and-grooved 
plank,  say  4  in.  thick,  properly  braced,  as  in  the  extension  for  the  Manhattan  Life  Building 
referred  to  in  the  first  part  of  this  article.  For  larger  caissons — ^that  is,  of  over  15  ft.  in  width 
and  of  any  length — the  writer's  practice  has  been  to  use  a  solid  wall  of  12  X  12-in.  timbers,  laid 
flat,  with  another  solid  wall  of  12  X  12-in.  posts,  inside  of  the  horizontal  12  X  12-in.  timbers, 
with  an  outside  sheeting  of  2  or  3-in.  plank  always  placed  vertically  to  reduce  the  frictional 
resistance.  The  horizontal  12  X  12-in.  timbers  usually  extend  some  14  ft.  above  the  cutting 
edge.  Above  this  height,  the  number  of  the  12  X  12-in.  posts  decreases,  until  near  the  top, 
there  would  be  only  one  post  every  12  or  15  ft.  to  support  the  waling  pieces  for  the  cofferdam 
plank.  The  cofferdam  planking,  2  or  3  in.  thick,  should  also  be  placed  vertically,  with  the 
joints  caulked  with  oakum. 

For  a  long  time,  timber  caissons  had  decks  and  roofs  of  solid  timber  10  to  12  ft.  thick,  thoroughly  boIt«d«  and 
drift  bolted  together.  The  writer  has  built  many  up  to  30  ft.  in  width  with  a  deck  of  3  ft.  thick,  the  top  and  bot- 
tom courses  running  across  the  caisson  and  the  middle  course  running  lon^tudinally.  Under  the  deck  a  2-in.  plank 
course  was  used  for  caulking  purposes.     Above  the  deck,  substantial  trusses  have  been  used  about  20  ft,  apart. 

In  the  working  chamber  of  large  caissons,  it  is  customary  to  place  12  X  12-in.  knee  braces  every  5  ft.  from  the 
cutting  edges  to  the  deck. 

All  joints  in  wooden  caissons  have  to  be  thoroughly  caulked  from  the  inside  against  air  pressure  and  from  the 
outside  to  prevent  the  water  getting  in.     Oakum  is  the  most  common  material  for  this  purpose. 

Concrete  Caissons, — Concrete  is  much  the  cheapest  material  for  caisson  construction. 
It  is  economical,  however  to  use  a  certain  amount  of  wood  or  steel  as  the  occasion  requires. 

The  sides  should  always  be  vertical  no  matter  what  material  is  used.  Beginners  generally 
have  an  idea  that  if  the  sides  of  the  caissons  are  battered  so  that  the  bottom  horizontal  area 
will  be  larger  than  the  top  that  the  friction  of  the  soil  on  the  side  walls  will  be  reduced.  Ex- 
perience has  proved  that  in  soft  ground  this  results  in  the  material  rolling  in  against  the  caisson, 
thereby  binding  it  the  tighter.  In  one  case  it  took  1200  tons  extra  pig  iron  to  break  the  friction. 
In  another  case  when  an  open  caisson  was  being  dredged  through  hard  clay,  the  opposite 
result  was  experienced,  for  there  the  clay  held  its  position,  and  the  caisson  wabbled  so  much 
that  fears  were  entertained  for  its  safety.  The  space  between  the  cylinder  and  the  clay  was  back 
filled  and  allowed  to  stand  for  many  months  before  the  process  of  sinking  was  resumed. 

The  cutting  edge  (for  the  reason  above  given)  should  never  extend  more  than  >$  or  ^  in.  beyond  the  sides  of 
the  caisson.     A  6  X  0-in.  angle  or  6-in.  channel  makes  the  best  cutting  edges,  as  already  noted. 

The  side  walls,  vertical  on  the  outside,  should  have  a  batter  on  the  inside  from  the  cutting  edge  to  the  roof  of 
about  3  in.  horizontal  to  1  ft.  vertical,  though  in  wide  caissons  the  horizontal  distance  can  be  considerably  increased. 

The  under  side  of  deck  or  roof  should  slope  from  the  sides  up  to  the  working  shaft,  for  facility  in  filling  the 
working  chamber  with  concrete. 

Steel  rods  should  run  from  the  cutting  edge  to  the  top  of  the  concrete  to  prevent  (1)  the  side   walls  of  the 
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working  chamber  from  buckling  in  and  (2)  the  friction  on  the  sidee  of  the  caissons  from  opening  cracks  in  the  con- 
crete. These  rods  should  be  about  H  or  K  in*  square  and  4  in.  center  to  center  for  a  distance  of  10  or  12  ft.  above 
the  cutting  edge,  and  12  in.  center  to  center  above  that  height.  Similar  rods  should  run  from  the  cutting  edge,  on 
the  inside  of  the  working  chamber  wall,  up  to  the  deck  and  extend  several  feet  above  the  deck  into  the  concrete. 
There  should  also  be  horiiontal  reinforcing  rods  about  the  same  sise  and  distance  apart  as  the  vertical  rods. 

The  number  of  rods  required  in  the  deck  would  of  course  depend  on  the  span,  etc.,  but  in  most  cases  ^-in.  square 
rods  4  in.  center  to  center  in  each  direction  would  be  more  than  ample. 

ShafU, — Small  caissons  have  only  one  shaft  which  is  used  for  both  men  and  material.  The 
larger  caissons  have  at  least  two,  one  for  material  and  one  for  men,  and  sometimes  as  many  as 
six  or  more.  The  cost  of  the  shaft  is  balanced  against  the  extra  cost  of  handling  the  material 
in  the  working  chamber  if  fewer  shafts  are  used. 

Formerly  the  shafts  were  made  of  steel  but  now  steel  shafts  are  used  only  at  the  top  and  timber  or  metal 
eoOapaible  forms  are  used  to  make  the  shafts  in  the  concrete.  The  concrete  shafts  should  have  a  recess  about  6  in. 
deep  and  1  ft.  wide  in  which  round  rods  are  inserted  to  form  a  ladder. 

In  small  caissons  it  is  very  necessary  to  have  vertical  and  horisontid  reinforcing  rods  around  these  shafts  to 
prevent  the  concrete  between  the  shaft  and  the  outside  of  the  caisson  from  opening  up  serious  cracks. 

Sealing  the  Caisson. — When  the  caisson  has  reached  its  final  resting  place  either  on  rock, 
hardpan,  or  in  a  few  places  on  sand  or  clay,  it  is  necessary  to  fill  the  working  chamber  with 
concrete.  The  old  method  was  to  deposit  the  concrete  by  hand  until  it  was  about  4  ft.  below 
the  deck  and  then  by  means  of  timber  forms  to  bench  the  concrete  all  around  until  only  a 
working  space  under  the  shaft  was  left  and  also  a  space  of  3  or  4  in.  under  the  deck.  This  space 
was  packed  with  very  dry  mortar  and  rammed  into  place  using  a  hammer  on  a  small  plank. 
This  method  was  expensive  and  never  satisfactory,  one  trouble  being  that  the  benching  required 
a  drv  concrete  which  is  exceptionally  imdesirable  in  compressed  air  work  and  another  trouble 
was  the  difficulty  of  getting  the  tedious  work  of  ramming  properly  done. 

The  writer  some  10  yr.  ago  abandoned  the  old  method  for  the  following  which  he  has  used  ever  since:  The  work" 
ing  chambers  are  filled  with  wet  concrete  to  within  1  ft.  or  better,  2  ft.,  from  the  deck,  under  air  pressure  of  coursot 
and  then  the  compressed  air- is  kept  on  for  48  hr.,  after  which  the  air  is  taken  off  and  the  rest  of  the  space  under  the 
deck  and  the  shafts  themselves  is  rapidly  filled  with  wet  concrete  dumped  from  th^  top  of  the  shaft.  It  is  very  im- 
portant to  have  the  concrete  under  the  deck  mixed  very  wet. 

It  is  always  necessary  to  have  vent  pipes  as  fliih  from  the  shaft  as  possible  so  that  no  air  can  be  trapped  under 
the  deck  to  cause  voids  in  the  concrete.  When  the  work  is  properly  done  the  grout  will  be  found  to  have  been  forced 
up  these  vent  pipes  from  the  working  chamber  to  from  15  to  25  ft.  above  the  deck.  As  the  working  chamber  is 
being  filled  it  is  very  necessary  to  reduce  the  air  pressure  gradually.  Neglect  to  do  this  has  resulted  in  much  con- 
crete being  blown  out  under  the  cutting  edge. 

Water-tight  CeUars, — A  number  of  buildings  have  been  constructed  in  New  York  with  from 
3  to  4  floors  below  the  water  level.  These  are  made  water-tight  by  sinking  pneiunatic  caissons 
around  the  lot,  the  caissons  having  a  width  of  from  5  to  8  ft.  and  lengths  up  to  30  or  40  ft.  and 
then  by  sealing  the  joints  between  the  caissons. 

One  method  is  to  use  a  compressed  air  shaft  some  3  ft.  in  diameter  which  is  a  more  or  less 
difficult  matter.  A  better  method  as  far  as  economy,  safety,  and  good  results  are  concerned, 
is  to  sink  the  caissons  about  6  in.  apart,  holding  the  distance  by  having  two  6  X  8-in.  timber 
separators,  preferably  of  oak,  attached  from  the  cutting  edge  to  top  of  the  first  caisson  sunk. 
The  space  between  these  separators,  about  2  ft.,  is  stock-rammed.  This  is  accomplished  by 
driving  a  heavy  4-in.  pipe  down  to  the _, level  of  the  cutting  edge;  then  pellets  of  clay  are 
dropped  into  the  pipe,  and  the  clay  is  forced  out  at  the  bottom  by  an  iron  piston  rod, 
just  big  enough  to  work  easily  inside  of  the  pipe,  the  piston  being  operated  by  a  pile  driver. 
As  the  driving  becomes  harder,  the  pipe  is  raised  a  foot  or  so,  and  the  operation  is  continued 
until  the  entire  pipe  has  been  removed,  section  by  section,  and  the  space  well  packed  with  clay. 
The  clay  has  been  thus  rammed  so  hard  that  it  resembles  shoe  leather.  Care  is  required  to 
see  that  the  ramming  is  not  overdone  as  the  accumulative  effect  is  very  great — enough  to 
shove  the  caisson  bodily  out  of  place.  This  has  successfully  held  the  water  back  for  depths 
of  35  ft.  and  permitted  the  placing  of  concrete  or  brick  work  in  the  joints  after  the  cellar  has 
been  dug.     For  further  details,  see  the  writer's  article  in  Railroad  Age  Gazette,  Aug.  7-14,  1908. 

46/.  Open  Caissons. — Open  caissons  are  constructed  on  the  surface  like  pneuma- 
tic caissons  and  sunk  into  position  where  they  are  held  down  by  weights. 
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45(7-  Dredged  Wells. — Where  the  depths  are  too  great  for  pneumatic  work, 
dredged  wells  are  often  used.  These  sometimes  consist  of  double  steel  cylinders  with  concrete 
filling  the  space  between  the  inner  and  outer  cylinder.  Ordinary  clam  shell  or  orange  peel 
buckets  are  used  for  dredging  the  material  through  the  inner  cylinders.  Reinforced  concrete 
is  often  used,  having  steel  forms  for  temporary  purposes  only. 

The  Phoenix  Construction  Company  used  a  number  of  these  for  the  Erie  R.  R.  at  Penhom  Creek  and  risewhere. 
These  were  6  ft.  outside  diameter,  and  3  ft.  6  in.  inside  diameter,  and  were  sunk  throuch  90  ft.  of  sand«  gravel,  ^to. 


FOOTINGS 

Bt  W.  Stuart  Tait 

46.  Temporary  Wood  Footings. — Where  temporary  wood  footings  are  installed^  the  con- 
struction usually  consists  of  a  sill  or  longitudinal  timber  A  (Fig..  35),  transverse  timbers  B,  and 
sometimes  a  layer  of  longitudinal  boards  imder  the  transverse  timbers.  The  transverse  tim- 
bers are  usually  laid  close  together.  The  boards  C  are  desirable  in  soft  ground  to  prevent  un- 
equal settlement  of  the  timbers  B,  In  temporary  work  the  following  stresses  may  be  used: 
extreme  fiber  stress,  1600  lb.  per  sq.  in. ;  bearing  across  the  grain,  500  lb.  per  sq.  in. 

lUastrative  Problem. — ^Load  on  A  (Fig.  35)  is  10,000  lb.  per  lin.  ft.  and  the  soil  pressure  is  2000  lb.  per  sq.  ft. 
Design  a  temporary  wood  footing. 

10,000       ^  ,,  T— ^ 


a  — 


2000 


-  6  ft. 


Assume  A  to  be  a  12  X  12-in.  timber.     Then 


AT  in  B   -  (2000)  (2)  (12)  -  48,000  in.-lb.  per  lin.  ft. 
M  '  f8  '  16005 


48,000 


-  30 


bd* 
6 


12d« 
6 


-  2d* 

Use  4'in.  timber  for  B 


1600 

d»  -  15,  or  d  -  3.88  in. 

Fio.  35. 

47.  Plain  Concrete  Footings. 

47a.  Light  Wall  Footings. — Under  walls  carrying  no  great  load  the  minimum 
projection  of  the  footing  beyond  the  face  of  the  wall  should  be  equal  to  one-half  the  wall  thick- 
ness. The  depth  of  the  footing  should  be  twice  the  projection  (Fig.  36). 
The  weight  per  square  foot  occurring  at  the  bottom  of  the  footing  should 
be  checked  to  make  sure  that  it  does  not  exceed  the  allowable  bearing 
pressure  on  the  soil  (see  Art.  29). 

476.  Heavy  Wall  Footings. — Under  walls  carrying  a  consid- 
erable load,  such  as  a  party  bearing  wall  in  a  six-story  warehouse,  a 
footing  similar  to  that  for  light  walls  may  be  used.  Assume  the  basement 
wall  to  be  of  concrete  20  in.  thick.     Soil  pressure  =  4000  lb.  per  sq.  ft. 


■ 

.ii^ 

■•■it'  •••■'■•:' 

1 

Fio.  36. 


Losd  per  lin.  ft.  of  wall  at  top  of  footing  «  24,000  lb. 
Weight  of  footing  -    4.000  lb. 


Total  load 


-  28.000  lb. 
Width  of  fooUng  -  ?f;^ 


7  ft. 


The  footing  is  stepped  down  as  shown  in  Fig.  37,  the  depth  of  any  step  being 
twice  its  projection. 

47c.  Piers. — This  type  of  footing  usually  occurs 
in  mill  buildings.     Refer  to  Fig.  38. 

Lowest  story  column  load  »  350,000  lb. 
Weight  of  footing  -    90.000  lb. 


/i^. 


f 


Total  load 


440.000  lb. 


ixa.  37. 
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Soil  loAd  -  3600  lb.  per  sq.  ft. 


Area  of  cast  base  -  — ,k«—  -  500  sq.  in.  =  22.4  in.  square. 

700 


Use  24-in.  square. 


Area  of  footing 


440.000 
3500 


FiQ.  38. 


=  126  sq.  ft.     Use  11  ft.  4  in.  X  H  ft.  4  in. 


48.  Stone  and  Brick  Footings. — Masonry, 
whether  of  stone  or  brick,  is  not  suitable  for 
footings  except  for  very  light  loads.  Even  for 
such  loads,  it  is  recommended  that  concrete  be 
used. 

49.  Reinforced  Concrete  Pier  Footings. 

49a.  Theory  of  Design. — The  method 
of  design  given  in  bul.  No.  67  of  the  University  of 
Illinois,  is  generally  accepted  and  used  in  the  design 
of  pier  footings  of  reinforced  concrete.  The  con- 
crete is  usually  a  1-2-4  mix.  Assuming  gravel 
concrete,  the  following  stresses  are  recommended 
by  the  Joint  Committee  (see  Appendix  A  and  J). 

f,  =  16,000  lb.  per  sq.  in. 
fe  ^  660  lb.  per  sq.  in. 


Bond  =  80  lb.  per  sq.  in.  for  plain  bars. 

Bond  =  100  lb.  per  sq.  in.  for  deformed  bars. 

Shear  =  40  lb.  per  sq.  in.  as  a  measure  of  diagonal  tension. 

Punching  shear  »  120  lb.  per  sq.  m. 

Bending  moment  in  one  direction  (see  Fig.  39)  is 

M  -  (Hoc*  +  0.6c»)tr 
where  w  is  the  upward  unbalanced  pressure  in  poimds  per  square  foot. 
Steel  effective  is  that  within  width  •  a  +  2d  +  >^(b  —  a  —  2d) 
Load  producing  pundhing  shear  —  (bs  —  a*)  to 

(6«  -  a*)w 


Unit  punching  shear  * 


4ad 


loading  produdng  diagonal  tension  in  one  direction 
V  -|[6«  -  (o  +  2d)*]  w  and  t>  ^ 

Bond  streee 

V  (ac  +  c*)w 


4(a  +  2d)jd 


t*  " 


where  m 


mojd  mojd 

number  of  bars  and  o  the  periphery  of  one  bar. 


Fig.  39. 


1 


The  chapter  on  the  design  of  "Reinforced  Concrete  Beams  and  Slabs"  in  Sect.  2  should  be 

referred  to  for  explanation  of  the  above  formulas. 

496.  Single  Slab  Footings.— This  type  of  footing 
is  not  used  for  large  loads  as  it  is  not  economical  in  concrete. 


|»iP6t4^/g5*  -> 


-6^6* 


j5 


-*/*4fc/bc- 


T 

^ 


niustratire  Problem. — Soil  pressure,  40001b.  per  sq.  ft.     Column  siie, 
20  X  20  in.  (see  Fig.  40). 

Column  load      i-  150.000  lb. 
Footing  weight  -     10.000  lb. 


^ 


Total  load 


160.000  lb. 


Fia.  40. 


160,000       .-        -^  « *x  - . 

Area  —  "inoo"  "       ****      '  "^^  square. 

Now  the  weight  of  the  footing  balances  a  certain  amount  of  upward  toil 
pressure.     In  this  case  the  upward  unbalanced  pressure 

150.000 


w 


(6.6)  (6.6) 


3660  lb.  per  sq.  ft. 
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The  depth  required  for  punching  shear 


(39.5)  (3560) 


14.6  in. 


(4a)(120)         (4)(20)(120) 

Now  shear  as  a  measure  of  diagonal  tension  produced  in  this  case,  using  d  •■  14.6  in., 

[b*  -  (g  +  2d)*]w  (25.45)(8560)  ,. 

•  ■       4(0  +  2d)jd        "  (4)(49.2)(0.87)(14.6)  " 

Thus  the  depth  required  for  punching  shear  satisfies  the  requirement  for  diagonal  tension.  Had  this  not  been  the 
case,  d  would  have  to  be  increased,  as  it  is  not  good  practice  to  use  stirrups  in  footings  on  account  of  the  probability 
that  they  would  be  improperly  placed  or  omitted. 

M  -  (Hoc*  +  0.6c«)«» 

-  l(H)(1.67)(2.42)«  +  (0.6)(2.42)«1(3560)(12)  -  572,000  in.-lb. 
A»  "  2.83  sq.  in.  —  20  —  H-in-  square  bars. 
2.83 


n  — 


■•  0.0025,  which  is  satisfactory. 
(9.88)(3660)         _  ^2  jb 


Thus  deformed  bars  must  be  used, 
and  have  a  spacing  of 


(78)(14.6) 

(oc  -f  c*)w       

mojd        "  (20)(1.5)(0.87)(14.6) 

The  20  —  H-in.  square  bars  must  be  placed  in  a  width  of 
o  +  2d  +  Hib  -  a  -  2<f)  -  63.6  in. 


63.6 
19 


■•  3.35  in.,  say  3H  ii^*  o^  centers. 


hi-4  concrtfB! 


•SConcrtff 


I 


The  20  bars  wUl  be  placed  equally  on  each  side  of  the  center  at  3H  iQ*  on  centers.     The  outer  bar  wiU  be  8  in. 
from  the  edge  of  the  footing  so  one  bar  will  be  added  on  each  side  making  a  total  of  22  bars  each  way. 
Total  depth  of  footing  -  14.6  +  0.375  +  3.0  -  17.975  in.,  say  18  in. 

49c.  Multiple  Slab  Footings. — This  is  a  type  of  footing  very  generally  used  for 
large  colunin  loads.     In  structures  where  the  column  loads  are  fairly  large,  some  provision  should 

be  made  in  the  design  to  allow  for  a  greater  percentage 
of  dead  load  on  an  exterior  than  on  an  interior  column. 
If  the  ground  at  the  bottom  of  the  footing  is  hardpan, 
hard  shale,  or  solid  gravel,  this  provision  is  not  essential, 
but  where  a  certain  amount  of  settlement  is  probable,  it 
is  a  necessity. 

It  is  good  practice  to  design  the  columns  for  the  full 
dead  load  and  a  proportion  of  the  4ive  load  depending 
upon  the  number  of  stories  in  the  structure.  In  Chicago, 
the  basement  story  columns  in  a  6-etory  and  basement 
building  would  be  designed  for  the  full  dead  load,  the 
roof  load  and  72  J^  %  of  the  live  load  for  which  the  floors 
were  designed.  The  footings  are  designed  for  the  base- 
ment story  column  load.  Some  designers  proportion 
the  footings  on  the  basis  of  the  dead  load  only.  The 
writer  always  recommends  using  the  full  dead  load  and 
one-half  of  the  live  load  used  in  the  design  of  the  base- 
ment story  columns.  (For  loads  coming  on  columns, 
see  Sect.  1,  Art.  86.)     The  following  example  is  worked  out  on  this  basis: 

Interior  column:  Size,  32  in.  diameter;  1-1-2  concrete;  1%  spiral.     11 — 1-in.  round  bars. 
Dead  load  -  297,000  lb. 
Live  load    »  423,000  lb. 

Exterior  column:  Sise,  30  X  30  in.;  1-2-4  concrete;  1%  spiral.     10 — J*-in.  round  bars. 
Dead  load  -  280.000  lb. 
Live  load    -  196.000  lb. 

Maximum  soil  pressure  a  3500  lb.  per  SQ.  ft. 

828  000 

Allowing  15%  of  column  load  for  weight  of  footing,  area  of  interior  footing   —  ^ —  236  sq.  ft,  —  16  ft 

3500 

4  in.   square   (see  Fig.   41).     Now  using  half  of  the  live  load  and  all  the  dead  load,   we  have  a  pr^sure  of 

617,000       „^^^  „  ,^      n..  •    ^  ,      *u       «*     •  1  ij  xw       V     (M7.000  -  98.000) 

—  2620  lb.  per  sq.  ft.     The  area  required  for  the  exterior  column  would  then  be —  — 

236  »-^     M  ^20 

172  sq.  ft.,  or  say  13  ft.  0  in.  square  (see  Fig.  42), 


Fia.  41. 
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Following  through  the  above,  it  will  be  noted  that  the  area  of  the  interior  column  footing,  whioh  is  the  one 
having  the  highest  percentage  of  live  load,  was  first  obtsined  using  the  soil  pressure  allowed.  A  new  soil  pressure 
b  then  obtained  by  using  all  the  dead  lodd  and  one-half  of  the  live  load.  All  other  footings  are  then  proportioned 
by  using  this  reduced  soil  pressure  and  applying  it  upon  the  full  dead  load  and  one-haif  of  the  live  load. 

Having  determined  the  footing  area,  the  design  will  be  carried  out  in  the  usual  way  using  the  total  column 
load  occurring  at  the  top  of  the  foundation.  In  case  the  live  load  for  which 
the  floors  are  designed  exceeds  400  lb.  per  sq.  ft.,  it  would  be  well  to  take  K  of 
the  live  load  instead  of  one-half.  The  reason  for  this  is  that  the  settlement,  if 
any.  will  probably  occur  during  construction  and  not  after  the  building  is  fully 
loaded. 


Inttrior  PooHng: 
Total  column  load 


720,000  lb. 


Area  of  footing  ■•  235  sq.  ft.  vo  ■• 


720,000 
235 


30601b. 


The  column  diameter  is  32  in.,  which  is  equivalent  to  28  in.  square* 
Consequently  in  the  formulas  used,  a  (see  Fig.  30)  will  be  taken  as  28  in. 
except  for  punching  shear. 

The  depth  for  punching  at  edge  of  column 

(6«  -  a^w        (229.5)  (3060) 
°*  ■  (»)  (32)  ( 120  "    (»)  (82)  ( 120) 
The  ci4>  or  top  layer  is  of  1-2-4  concrete,  while  the  column  is  1-1-2.     The  cap 
design  must  be  such  that  the  bearing  on  A- A  is  within  the  Hmit  allowed  on 
1-2-4  concrete,  i.e..  700  lb.  per  sq.  in.     This  may  be  taken  on  the  full  section  of 
the  column  and  the  resistance  of  the  dowels  added.     Then 


->g^jy 


Sf-pS'cAfi 


^ 


Fia.  42. 


Concrete 804  X  700  -  562,800  lb. 

Steel 11  X  0.785  X  700  X  (15  -  1)  -    84,500  lb. 


657,300  lb. 

We  must  therefore  either  add  a  spiral  in  the  cap,  increase  the  steel,  or  use  1-1  H~3  concrete.  The  best  thing  to  do 
b  to  add  a  spiral.  Using  1  %  spiral  and  1  %  vertical,  we  have  an  average  stress  of  793  lb.  per  sq.  in.  The  spiral 
will  be  84-in.  diameter,  giving  a  core  of  908  sq.  in.  with  12'^-14n.  round  bars.  The  spiral  will  be  H-ln.-  wire  at 
2>^-in.  pitch.  The  cap  will  be34+4"-38X38in.  square.  The  lowest  member  of  the  footing  is  15  ft.  4  in. 
square.  The  middle  member  will  be  made  the  mean  of  the  cap  and  base,  or  9  ft.  8  in. 
For  punching  shear  at  edge  of  cap 

(235  -  10)  (3060) 


***  (4)(38)(120) 

For  punching  shear  at  edge  of  middle  member 


-  37H  in. 


.        (235 -85) (3060)       ^_. 
^*  "      (4)(111)(120)  ^'^  *°- 


6  ft.  1  in. 


d  -  8  ft.  IH  in. 


Diagonal  tension  below  cap 

a  -  3  ft.  2  in.  c 

a  +  2d  -  9  ft.  5  in. 
The  middle  member  is  9  ft.  3  in.  in  width,  which  is  less  than  a  +  2d,  so  we  will  take  a  +  2d  ■•  111  in. 

[h*  -  (a  +  2d)«ltD  (148)  (3060) 


V  — 


40  1b. 


d%  -  28  in. 


37.5   in.,    so   A«  >■ 


4(a  +  2d)id  (4)(113)(0.87)(d») 

Now  we  have  di  «  58  in.^and  dt  ■■  37.5  in.,  and  we  will  make  d«  ■■  28  in. 
Moment    about    A- A  -  (,yiac^  +  0.6c*)u;  -  (193) (3060) (12)  -  7.080,000   in.-lb.     d 
13.6  SQ.  in.     24 — ^4n.  square  bars. 

p  ■■  .         '        .  -  0.0033,  which  is  satbfaotory. 

These  bars  are  placed  in  a  width  -  o  +  2d  +  )^^(k  —  o  —  2d)  -  12  ft.  4>$  in.     Use  24 — H-in.  square  bars, 
6V{  in.  on  centers  each  way. 

(oc  -4-  c«)w  (56)(3060)  ,. 

mojd       ■   (24)(3)(0.87)(37.6)  " 

The  depth  of  cap  i-  58  -  37.5  -  20H  in-*  Bay  21  in.     The  depth  of  middle  member  -  37.5  —  28  -  9H  in.. 
say  10  in.     The  depth  of  bottom  member  ■■  28  +  4  —  32  in. 
SxUrior  Footing: 
Column  load  -  476,000  lb. 
Area  of  footing  -  169  sq.  ft.     to  -  2820  lb. 
The  design  will  be  carried  out  the  same  as  above  and  we  obtain  the  design  shown  in  Fig.  42. 

494.  Sloped  Footings. — This  type  of  footing  is  favored  by  some  designers. 
It  requires  less  concrete  than  the  slab  type,  but  the  sloping  sides  are  more  difficult  to  shape. 

24 
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niustimtive  Problem. — Ck>liiinn  loftd,  600.000  lb.     Column  bIm,  30  X  30  in.     Soil  preuure 
70.000  lb.  for  the  dead  weicfat  of  footing,  making  a  total  load  of  670,000  lb.  on  the  soil. 

670  000 

'        -  112  sq.  ft.  -  10  ft.  6  in.  square  (see  Fig.  43). 


6000  lb.     Allow 


Footing  area 


6000 


w 


600.000 


110 


«■  5460  lb. 


600.000 


-«  6d61b. 


(30)(30) 

Make  area  of  top-  (2) (30)  (30)  - 1800 sq.  in.  ^Sft.  6in.  sqoare 

(110  -  6)(5460) 


Depth  for  punching 


(4)(30)(120^ 

Diagonal  tension :  With  d  «  39.5  in.  at  column 

fc«  -  (a  +  2d)hp 


-  39.5  in. 


f  — 


di 


4(a  +  2d)jd 
(110  -  82)(5460) 


10  in.  required. 


(4)(109)(0.87)(40) 
di  «  6.5  in.     Use  12  in. 
M  -  (Hoc*  +  0.6c«)a»  -  3,830,000  in.-lb. 
d  "  39.5  in.     A»  »  7.00  sq.  in.  ■■  18 — ^^-in.  square  bars 
7.00 


P  - 


(42)  (39.5) 
(10  +  16)(5460) 


■■  0.0042,  which  is  satisfactory. 
92  lb.  per  sq.  in. 


A?V 


(18)(2.5)(0.87)(39.6) 
The  18 — H-in.  sqtiare  bars  must  be  placed  in  a  width 
-  o  +  2d  +  Hib  -a-2d)-42  +  79  +  H  [126  -  (42  + 
79)1  -  123  in. 

123.5 


Spacing  of  bars  ■■ 


17 


7}i   in.  on  centers.     Use  7 


Fia.  43. 


in.   on  centers  and  then  outside  rods  will  be  3H  u^  from 
outside  edge  of  footing. 
Total  depth  of  footing  -  39.5  +  0.625  +  3.0  -  43  in. 

4Ae,  Rectangular  Footings. — Since  a  footing  is  a  very  stiff  rigid  member,  no 
appreciable  deflection  will  take  place  at  the  edges;  and  uniform  pressure  will  prevail  throughout 
the  foundation.  In  footings  in  which  the  length  does  not  exceed  the  breadth  by  more  than  60  %, 
the  design  will  be  carried  out  in  the  same  manner  as  in  a  square  footing.  Thus,  referring  to 
Figs.  44  and  45, 

Mil -I)  -  mac^  +0.6c*6)ti; 
and  3f(2-2)  «  (Ka6*  +  0.6c6*)ti7 
The  shearing  values,  etc.  can  be  followed  through  similarly. 


FiQ.  44. 


Fia.  45. 


Fia.  46. 


In  cases  where  the  length  is  more  than  50%  greater  than  the  width,  the  footing  should 
be  designed  as  follows : 

A^(3-3)   =   -Yff 


3/(4-4)    =    (^'+-f) 


W 


The  reinforcement  across  4-4  should  be  placed  within  a  width  equal  to  (a  -\-  b), 

49/.  Wall  Footings. — Continuous  footings  of  this  type  may  either  have  a  sloped 
top  as  shown  (Fig.  46)  or  be  constructed  with  a  level  top.    If  tx?  is  the  unbalanced  upward  earth 

pressure,  then  punching  shear  =  t-j-    Also,  di  =  "TTTZn) —     Max.  M  =  "o'P®''  ^-  ^*- 
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toe 
Bond  =  — ri,  where  m  is  the  number  of  bars  per  h'n.  ft. 

It  will  be  usually  found  that  in  this  type  of  footing  the  reinforcing  bars  must  be  hooked  as 
indicated. 

60.  Reinforced  Concrete  Combined  Footings. — In  case  a  column  occurs  very  close  to  the 
property  line,  it  is  probable  that  a  symmetrical  footing  cannot  be  constructed  without  encroach- 
ing upon  the  adjoining  property.  In  this  case  a  cantilever  footing  as  described  in  Art.  51,  or 
a  combined  footing  for  the  exterior  and  next  adjacent  interior  footing  may  be  constructed. 

If  the  exterior  column  load  is  less  than  the  interior  column  load,  it  is  most  economical  to 
use  a  rectangular  footing,  though,  if  conditions  do  not  permit  of  this,  a  trapezoidal  shape  may  be 
used.  In  case  the  exterior  column  load  is  greater  than  the  interior,  a  trapezoidal  footing  must 
be  used. 

50a.  Rectangular  Combined  Footings. — In  this  design  (Fig.  47)  the  foundation 
will  be  proportioned  upon  the  basis  of  one-half  the  live  load  used  in  the  basement  column  and 
all  the  dead  load,  as  was  done  in  Art.  49c.  The  footing  area  will  be  determined  and  located  with 
respect  to  the  column  upon  the  above  basis  and  the  design  of  the  reinforced  concrete  then  pre- 
pared on  the  basis  of  the  full  column  load. 

Interior  Column  (1) 34  X  34  in.,  1-2-4  concrete. 

Dead  load  -  297,000  lb.     Dead  load  plus  one-half  the  live  load  i-  509,000  lb. 
Live  load    -  423.000  lb. 


Total      -  720.000  lb. 

Exterior  Column  (2) 30  X  30  in..  1-2-4  concrete. 

Dead  load  -  280,000  lb.     Dead  load  plus  one-half  the  live  load  -  378,000  lb. 
Live  load    -  196.000  lb. 


Total       -  476,000  lb. 
Maximum  soil  pressure  ■>  4000  lb.  per  sq.  ft.     Allow  12>^  %  for  weight  of  footing. 

Now  columnl  has  the  greater  percentage  of  live  load.     Area  required  at  4000  lb.  soil  pressure  on  total  load  >■ 

(720,000)(1.125) 


4000 

Now  with  one-half  the  live  load,  we  have  a  pressure 

599.000 


203  sq.  ft. 


203 


-  2950  lb.  per  sq.  ft. 


Area  required  for  exterior  column  ■■        ',-     —  149  sq.  ft. 

Total  area  of  footing  i-  352  sq.  ft. 

Now  the  center  of  gravity  of  this  area  must  coincide  with  that  of  the  loads  509,000  and  378,000  lb.     Column 
centers  are  18  ft.  0  in. 

•   (18.0)(509.000)       ,^,^.,  ,  *        r      I 

c.  g.  13 887  000 "  ^"'^  "•  "O"^  center  of  column  2 

Now  side  of  column  2  is  on  the  lot  line  so  o.  g.  is  10.35  +  1.25  ••  11.60  ft.  from  end  of  footing. 

Footing  is  to  be  rectangular,  so  length  will  be  2  X  11.6  »  23.2  ft. 

352 
Width  of  footing  -  ^-g  -  15.2  ft. 

The  sixe  of  the  footing  and  its  location  with  respect  to  the  two  columns  has  now  been  determined.     In  the  de- 
aicn  of  the  footing,  the  full  cc^umn  loads  will  be  used.     The  sum  of  the  column  loads  "■  1,196,000  lb. 

1.196.000       -  .„  ,, 
^ 352—  -  ^^  '^- 

With  the  full  loads  the  pressure  at  ah  would  be  somewhat  greater  than  this,  and  at  cd  somewhat  less.     It  will  be 
satisfactory,  however,  to  design  the  footing  for  the  average  pressure. 

'*'(3_3)    ■  (15.2)(3.95)(-|-)(12)(3400)  -  4.800,000  in.-lb. 

TtTT 

Max.  AT  between  columns  1  and  2  ^  ^  -  HAf.,     ,.-   (3400)  (15.2)  (18)»(1.5)   -  2,400,000  =  22.600,000 

in, -lb. 

22.600.000       „  „^  rf  -  «JA  Sn 

^  ■  rio8)(i6:2)a2)  "  ^^^  ^  -  ^*  '"• 

At  ■■  48  sq.  in.  ■■  81 — IH-in.  square  bars. 

These  bars  must  be  investigated  for  bond.     Shear  at  the  side  of  columns  1  and  2  —  396,000  lb.,  so 

396,000 


(31)(5)(0.87)(34) 


■■  87  lb.  per  sq.  in.     Use  deformed  bars. 
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At  oolumn  1:  A*  —  10.2  sq.  in.  i-  17  —  ^i-in.  round  ban. 

n      .    ^  (3400)(3.96-  1.42)(15.2)       ^^ ,, 

^'^^•'""  -        (17)(2.75)(0.87)(34)        "  ^  ^^- 
Use  deformed  bars. 

In  tbb  case  it  will  be  Msumed  that  there  is  no  basement  wall  at  column  2.     Transverse  reinforcement  must  be 
provided  at  both  columns  1  and  2. 
At  oolumn  1: 


Jf - 


720.000  ^  (15.2-2.83)  ^  6.2 


16.2 


X  ^  X  12  -  10.900,000  in.-lb. 

At  *  24  sq.  in.  Use  24 — 1-in.  square  rods,  4  in 
on  centers,  giving  a  width  of  7  ft.  8  in.  «  column  width 
plus  4.5  tt.,  or  less  than  2d  (see  formula  tor  width 
within  which  steel  is  effective  in  Art.  40a),  which  is 
satisfactory. 

square  deformed  bars. 
At  column  2: 

M  -  1I5|90  X  (1^1^  X  l^x  i2-7.eoow) 

in.-lb. 

At  "■  16.7  sq.  in.      Use   17 — 1-in.  square  bars,   or 
width  required  •■  64  in.,  which  is  satisfactory. 

15.33 


Shear  at  4-4- 


f  — 


(15.2)(3400)  -  396.0001b. 
396.000 


-  741b. 


A«  for  stirrups 


(15.2)(12)(0.87)(34) 

396.000  ^   -. 

X   H   -*   16.3   sq.  m. 


in 


Fia.  47. 


16,000 

344n.  length  of  footing.  Use  5  —  H-in.  square  stirrups, 
each  having  22  verticals  in  each  end  of  footing.  The 
stirrup  spacing  will  be  as  shown  in  Fig.  47  (see  chapter 


in  Sect.  2  on  Reinforced  Concrete  Beams  and* Slabs). 

_       ..         .  ^       ,  ,        720.000  -(8) (3400) 

Punching  shear  at  column  1  -  -^4)(34)7o.87)734r 

Tx^  *u  *      1  ,  693.000 

square.    Depth  requires  at  column  1  — 


175 
—  175  lb.     Sise  of  cap  required  —  (34)  r^ 


50  in. 


Depth  required  at  column  2  >■ 
48.5  in.     Sise  of  cap  required  ■■ 


(4)(34)((0.87)120) 
476.000  -  (6. 25)  (3400) 


-  49  in.     Cap  at  column  1  is  50  X  50  X  15    in. 


(3)  (30)  (0.87)  (120) 
455.000 


=     48 


(3)(34) (0.87)  (120) 
in.  square. 

This  footing  might  have  been  designed  with  a  heavy 
beam  running  on  the  column  centers  and  a  thinner  slab  of 
the  area  shown  used,  reinforced  in  a  transverse  direction. 
On  account  of  shear  this  beam  would  have  to  have  a  cross 
section  of  3800  sq.  in.  or  a  beam  about  60  X  66  in.  In 
practically  all  cases  the  design  illustrated  will  be  found  to  be 
the  most  economical. 

§06.  Trapezoidal  Combined  Footings. — In  this 
case  the  foundation  will  simply  be  proportioned  directly  to 
the  basement  story  colunm  loads. 

Interior  oolumn  1 load  -  390.000  lb.,  oolumn  sise  24  X  24  in. 

Exterior  column  2 load  —  476,000  lb.,  column  sise  30  X  30  in. 


Fio.  48. 


Total  load  -  866.000  lb. 

Soil  pressure  ■■  6000  lb.  per  sq.  ft. 

Allowing  12H  %  for  weight  of  footing,  the  area  required  —  163  sq.  ft.  Column  spacing  is  18  ft.  0  in. 
In  this  case  we  have  a  concrete  basement  wall  at  the  edge  of  the  footing.  The  weight  of  this  is  included  in  the 
column  load. 


*       /           *      *     1          X     A    '    (18)  (390.000) 
The  center  of  gravity  of  column  loads  is  — ^ 


8.1  in.  from  column  2.  or  9.35  ft.  from  end  of  footing. 


866,000 

The  footing  will  be  continued  1  ft.  0  in.  past  the  edge  of  column  1.     The  length  of  the  footing  is  therefore  21  ft. 
3  in.  (see  Fig.  48). 

The  widths  C\  and  Cx  must  be  such  that  the  area  of  the  footing  Lb  163  sq.  ft.  and  the  center  of  gravity  of  this 
trapesoid  is  at  9.35  ft.  from  the  end  as  shown.     Then 

(Ci  +  C0(21.25)       ,„„     ._     ^     .    ^    _,.„,. 


-  163     or     Ci  -I-  Cj  -  15.3  ft. 
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1  wiUBlion  for  the  c 


SolTinc  aqBAtiooi  (1)  uti  (2) 


» line  o(  lero  sb«*r  u 


M  th*  footinc.     Tfaii  lioa  ia  at  ».8  ft.  from  risht 


The  UiM  vl  wrinmm  moBtatit  will 
•od  of  (DOtinc. 

NaclHitiii«  the  aman  oefativa  momaDt  at  Bolulnn  1,  m  hkve 

W(mai.)  -   [478.000  -  (10.31(1. 25){S300l](e.8  -  1.36)  -  6a00[(T,87)(?^')  +  (")««»'(|)] 
-  1,700.000  ft.-lb.  -  30,400.000  iD.-lb. 
8io<M  C  -  T.S7  Id. 

d  -  Wat.      A,-  33.7  in.  ••  31 — IK-in.  aqukn  roda. 
Chaeldna  for  bond,  n  IwTg 

•-m,SS?i»s>-"" '■""-"■  ti-d.ior.-i~.. 

Tb*  sada  of  an«-balt  the  luira  win  be  bant  down  «a  ahovn 
Im*  Tit.  49> 


(*e)(0.87)C10)(13) 


the  entire  faea  of  the  w&ll  and  ia  the  aama  u  i.     No  cap  ia 

At  Golvrm  1  tba  punohing  ahear  la  104  lb.  per  aq.  in.,  ao 

Croag  bandinf  need  not  be  cooaiderod  at  column  3  aa 
the  Hffd  eoDente  wall  will  diatribuM  the  load  kt  that  end. 
At  coltunn  1,  ws  have 

"-(-?!')(.")(¥)'■'>-•■««»»-«• 

.d.  -  2.Daq.  in.     DBe4— K-<n.  aquue  rodi. 
For  bond,  we  hare 

;3M,OO0)(3.< 


ff^Si^l^ 


3    (100)(3)(0  87)(4S)(S. 


sT)"  "■    Uw"— >4-iD.» 


re  deformed  ban. 


60c.  CoDttnuoiu  Exterior 
Colnmn  PootiDgs. — In  many  oasee  where 
we  have  a  continuous  concrete  basement 
wall  it  will  prove  economical  to  use  the 
basement  wall  aa  a  beam  to  distribute  the 
columa  load  to  a  continuous  footing  of  rela- 

tively  imall  width.      A  footing  of  the  type 

i^i'-r-j'Sh    is  shown  in  Fig.  60.     The  following  is  an  ex- 
5^^^"'  ample  of  its  design.     Note  that  the  footing 

is  concentric  with  the  column  and  that  con- 
sequently the  projections  from  the  wall  vary. 


0  ft.    X   16 

m- 

-18001b 

540,000  lb. 

ft. 

34001b 

pet 

lin 

ft 

3580  lb. 

( 120X0.87)  (123i" 

10  in. 
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iwnt  in  tha  bmak  p&rt  of  tha  fwitiD( 


dr«quir«d 


-  (3580)  (?p^) 

-  IS  in. 

-  1.14 


(12)  -  288.000  In  .-lb. 


ipth  -  21  in. 
in.     U«  6— H-in.  «iuar.  . 
.6TK35W)  „.  .^      „..,., 


CJ«votton  of  Boom^ 


ir(niM,)  -  <S6a01   (~'j  (12)  -  134,000  iii,-lb. 
Uolwluioed  M  -  ZSS.OOD  -  134,000  -  IH.OOO  in.-lb. 
A.  in  wall  -  0  76  m.  in. 
A,  in  outer  aidB  '  0.53  iq.  in. 
End  ibau  -  <80)<12O)(ia.G)  •  168,500  lb.  on  itirmiB. 
A.  '  10.0  H.  in.  in  10  ft  -  30— K-in.  (qtun  irtimiiM  - 
40  In  tb«  baun. 

M  in  bum  -  (T.6)(3560Kia)>  -  S.e5a000  io.^b. 
A.  -  S.lfi  aq-  in-  -  4— IM-in.  •qiun  rwla. 

01,  Reittforeed  Concrete  CastileTer  Pootiiigs. — 
This  type  of  footing  may  be  used  with  economy  in 
some  cases  when  the  exterior  columns  are  adjacent 
to  the  property  line.  In  this  type  of  design  it  is  not 
good  practice  to  use  the  basement  wall  as  a  beam  to 
distribute  the  column  load. 

Tika  ui  eiterior  column  loud  of  350,000  lb.,  column  time 


a  have 


load,  moment,  md  ahMir  diBgruna  (Fig.  51)  iUuitrit 
1  of  tbe  cantilever  beam  C.  In  addition  to  tbia  bean 
a  eoDtiDUoua  footing  beam  B.     Tbia  footing  !e  nc 


I  order  to  balance  the  moment  in  beam  C.  a  load  of  20.700  lb. 
Luat  be  applied  at  column  2.  The  total  preeaure  eicluain  ol 
le  weicht  of  the  footina  to  be  provided  for  will  be  379.700  lb. 
UowiOK  12>i%  for  the  footing  weisht.  a  f ootinf  16  ft.  0  in. 
:  4  ft.  S  in.  U  required. 
Beam  B: 

M  -  ^^  -  (379.700)(18)  -  0.080.000  in.-lb. 
b-  M  in..  10  d  -  32. S  in.     A.  -  13.S  aq.  in.  -  14  -  mn. 


y  .    (?™)  (»). 


KI,a5)(I2)  -  5,250.000  in.-lb. 

,  -  Il.e  >q.  in.  -  21  -  *i-ai.  aqnare 

.  B  -  (2fi.T00)<13.5)(13)  -  4,450.000 


2  will  be  Eoverned  b: 


!  shear  at  100  lb.  and  we  have 


in  be  arranied  in  the  formi 


The  space  tnarkad  ^  in  tb«  el»- 
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02.  Concrete  Raft  Foundatioiu. — Where  the  safe  soil  load  is  very  low  it  is  sometimes  pos- 
sible and  desirable  to  use  concrete  raft  or  mat  covering  the  entire  building  site.  This  type  of 
foundation  is  usually  more  economical  than  piles.  The  raft  may  be  designed  either  ae  a  flat 
slab  or  as  beam  and  slab  coo- 
structioa.  The  beam  and  slab 
is  usually  more  expensive  but 
haa  the  advantage  over  flat  slab 
that  the  piping  below  the  base- 
ment floor  may  be  installed 
after  the  foundation  work  is 
done  instead  of  before.  There 
is  nothing  unusual  about  the 
preparation  of  these  designs. 
In  Figs.  52  and  53  two  such 
designs  are  illustrated.  The 
dead  weight  of  the  foundation 
will  simply  balance  a  certain 
amount  of  upward  soil  pressure 
and  so  the  weight  of  the  founda- 
tion will  not  enter  into  the  slab 
design.  If  the  column  bases  or 
inverted  caps  shown  in  Fig.  52 
arc  objectionable,  they  may  be 
eliminated  and  the  slab  in- 
creased  in  thickness  for  the 
increased  moments  and  shear  resulting. 

SS.  Piers  Sunk  to  Rock  or  Hardpan. — The  most  desirable  foundation  for  high  buildings  is 
the  concrete  pier  sunk  to  rock  or  to  a  very  hard  formation.    It  has  also  been  found  that  for 
6-«tory  buildings  where  the  site  consists  of  a  soft  clay  or  other  material  overlying  a  hard  forma- 
tion at  a  depth  of  30  or  40  ft.,  that 
these   piers   are   more  economical 
than  piles  or  spread  footings.      In 
Chicago    these    piers    are    called 
'  are  widely  used. 
If  1-2-4  concrete  is  used,  the 
Chicago  Ordinance  allows  the  cross 
^  section  of  the  pier  to  be  determined 
^  by  using  a  concrete  stress  on  the 
entire  section  of  400  lb.  per  sq.  in. 
for   the    basement-story   column 
l^load.     Where  the  piers  are  sunk 
to  hardpan  and  not  to  rock,  the 
bottom  of  the  pier  is  belled  out  so 
"^Z'X?^^tT/l:^iM^'*^  that  a  bearing  on  the  hardpan  of 

13,000  lb.  per  sq.  ft.  is  obtained. 
The  weight  of  the  pier  must  be 
added  for  this  calculation.  The 
height  of  the  conical  portion  is 
equal  to  the  difference  in  diameter 
between  the  bottom  and  the  pier 
""■  ■"■  shaft. 

64.  Reinforced  Concrete  PootingB  on  Piles. — These  footings  may  be  of  the  same  types  aa 
those  designed  under  Arts.  4ft,  50,  and  51.  They  may  also  be  constructed  as  mattresses  or  raft 
foundations  as  illustrated  in  Art.  52.    The  only  difference  in  the  design  from  that  of  the  spread 


Tfrf aag^,  rh~  rfr 


376 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  S-64 


footings  is  that  the  pile  loads  are  treated  as  coDcentratod  loads.  Most  building  ordinances 
require  that  the  top  6  in.  of  the  pilea  be  enclosed  in  concrete  which  is  not  considered  as  contribut- 
ing to  the  footing  strength.  The  footing  must  be 
deep  enough  at  all  points  so  there  is  sufficient  punch- 
ing shear  resistance.  In  most  ordinances  wood  pilee 
are  figured  at  a  maximum  bearing  value  of  20  tons. 
Concrete  piles  are  figured  at  the  top  section  the  same 
as  a  concrete  column.  The  following  Is  an  example  of 
areinforced  footing  design  over  wood  piles  (see  Fig.  M). 
Ccdiunn  load  -  700.000  lb.     Colimin  aus,  SOmii.  dluneter. 


p  -  2034  K).  i 
We  miut  U! 


0  lb.  per  M.  In.    ArcKof 


reigbt  of  the  Footinc  ld  addition 


^Dlio 

,we  willuj 

mtl, 

eoluinn  !<»d  only. 

punohings 

h«. 

[up 

"  (4K55)aMJ 

1-27  in. 

dov 
pUe 

r  B  pile  for 
*0.0001b 

T.! 

e  pile  14-iD.diui.Bt  rat  ctf. 

□s:    Considering   long   aide    we   lukve    the 
pile*  Knd  two  balf  pilea  -  A  pilea.  L'einf  40 


m  '  C120)(0. 871(40) 
Mom..tAB-    (^)CI00.000)(32M1  -3.400,000 
Mom.  at  AC  -   (i)  (700,000) ( 1 7>(1  -  2,450,000 

l>   fJ     b  o  3      \i  c/      In  o  fl     |o  o  of      No  Q  e/ 


>*0°0 

:V:V: 

20    (2e)(2K0.87H27) 
We  muat  oae  26  X  |^     -    M-in-   aquare     deformed 
ban  -  30  —  H-in  aquare  b*n. 

The  various  building  departments  have 
their  specifications  covering  the  distance  of  pilea 
center  to  center.  In  the  example  worked  out  2 
ft.  6  in.  was  used  and  this  should  be  the  mini- 
mum for  wooden  piles  except  where  piles  are 
spaced  as  in  Pig.  55  where  the  centers  may  be 
2  ft.  S  in.  X  2  ft.  4  in. 

Concrete  piles  are  usually  spaced  about  3  ft. 
0  in.  on  centers.  The  design  of  foundations  over 
them  is  similar  in  every  way  to  the  footing  de- 
sign for  wooden  piles  except  that  the  load  per 
pile  will  be  much  greater  in  most  cases. 
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For  concrete  piles  placed  as  in  Fig.  55  a  spacing  of  3  ft.  0  in.  in  one  direction  and  2  ft.  7  in. 
to  2  ft.  9  in.  normal  to  it  is  used. 

The  diagrams  of  pile  arrangements  given  in  Fig.  56  will  be  foimd  convenient.  The  spacing 
of  the  piles  is  not  given  as  the  designer  must  comply  with  the  local  specifications  in  this  matter. 

66.  Steel  Beam  and  Girder  Footings. — Steel  beam  footings  are  not  now  used  to  any  great 
extent.  The  footing  consists  of  tiers  of  steel  beams  placed  side  by  side  and  embedded  in  con- 
crete, as  shown  in  Fig.  4,  p.  118.  The  method  of  design  for  steel  beam  pier  footings  is  described 
in  the  illustrative  problems  on  pp.  121  and  1 22.  Steel  girders  are  used  in  combined  and  cantilever 
footings  of  this  type  to  distribute  the  loads.  The  method  of  designing  a  steel  girder  for  a  com- 
bined footing  is  given  in  the  illustrative  problem  on  p.  187. 


FLOOR  AND  ROOF  FRAMING — TIMBER 

Bt  Henby  D.  Dbwell 

66.  Floor  Construction. 

66a.  Thickness  of  Sheathing  and  Spacing  of  Joists. — The  type  and  intended 
nse  of  tha  building  will  in  a  great  measure  determine  the  general  arrangement  of  floor  system, 
the  thickness  of  sheathing,  and  the  approximate  spacing  of  joists.  For  timber  floors  carrying 
light  loads,  as  dwelling  houses,  apartment  houses,  schoolhouses,  and  office  buildings,  the  sheath- 
ing is  usually  of  double  thickness,  consisting  of  an  under  floor  of  rough  1  X  6-in.  boards,  laid 
diagonally  with  the  joists,  and  an  upper  floor  of  ^-in.  tongue  and  grooved  flooring.  The  joists 
for  this  class  of  buildings  are  usually  2  to  3  in.  nominal  thickness,  spaced  16  in.  on  centers,  and 
of  such  depth  as  is  necessary  for  strength  and  stiffness.  The  spacing  of  16  in.  for  the  joists 
must  be  maintained  when  a  ceiling  of  wood  lath  and  plaster  is  supported  from  the  under  side  of 
joists.  Usually,  the  span  of  the  joists  will  not  exceed  20  ft.  Floor  joists  2  X  8  in.  are  the 
smallest  size  that  should  ordinarily  be  used,  while  the  maximum  depth  for  a  2-in.  thickness 
should  not  exceed  16  in.  If  a  stronger  joist  than  a  2  X  16-in.  is  required,  the  thickness  should 
be  increased  to  3  in.  with  a  maximum  depth  of  18  in.,  or  the  spacing  decreased  to  12  in.  With  a 
ceiling  supported  from  the  floor  joists,  the  size  of  joists  must  be  sufficient  to  keep  the  deflection 
of  the  joists  when  fully  loaded  to  ^eo  of  the  span  of  the  joists.  In  making  such  a  computation 
for  deflection  the  load  of  ceiling,  joists  and  bridging,  flooring  and  any  partitions  is  considered 
as  the  constant  or  ''dead''  load,  and  the  modulus  of  elasticity  used  should  not  exceed  ^  that 
given  in  Sect.  7,  Art.  10  for  the  particular  kind  of  timber  used.  The  deflection  for  live  load 
is  computed,  using  the  full  value  of  the  modulus  of  elasticity.  The  total  deflection  to  be  ex- 
pected is  the  sum  of  the  two  partial  deflections. 

In  biilMingn  where  floors  carry  much  heayier  loads,  as  warehouses,  lofts,  etc.,  the  flooring  is  usually  IH  in^ 
thick  as  a  minimum.  If  such  a  building  has  no  ceiling,  the  spacing  of  joists  may  profitably  be  increased  over  16  in. 
In  general,  the  most  economical  floor  will  occur  with  short  spans  for  joists  and  girders,  and  consequently  small  sise 
Joists.  On  the  other  hand,  many  other  factors  enter  which  may  warrant  longer  spans  for  both  joists  and  girders, 
and  the  most  important  of  these  factors  is  the  advantage  of  having  as  few  poets  inside  of  a  building  as  possible. 
In  the  framing  of  the  fint  floor8k,of  buildings  where  such  floors  are  but  a  few  feet  off  the  ground,  it  will  usually  be 
found,  for  example,  that  for  a  live  load  approximating  100  lb.  per  sq.  ft.,  the  most  economical  system  of  framing 
win  be  6  X  6-in.  posts,  6  X  8,  or  6  X  10-in.  girders,  2  X  8-in.  joists,  the  floor  bays  being  approximately  10  X  10 
ft.  In  the  above  statement,  it  b  assumed  that  the  footings  rest  on  the  soil;  for  pile  foundations  the  situation  would 
be  entirely  different.     In  the  latter  case  economy  will  dictate  the  use  of  long  spans  to  utilise  the  full  capacity  of  pile. 

Comparing  2-in.  joists  with  3-in.  joists  of  equivalent  strength,  it  may  be  pointed  out  that,  since  the  actual  ' 
ffaiah<wi  thickness  of  a  ^in.  joist  when  surfaced  one  side  is  2^  in.,  and  the  finished  thickness  of  a  2-in.  joist  is  l^-in., 
the  loss  of  strength  by  surfacing  is  18.75%  in  a  2-in.  joist  and  12.5%  in  the  3-in.  joist,  or  an  economy  of  6.25%'for 
the  3-in.  Joist,  although  the  price  of  the  3-in.  timber  will  be  slightly  higher  than  the  2-in.  stock.    Only  a  comparison 
of  several  schemes  for  an  actual  case  will  indicate  the  cheapest  construction. ' 

For  proper  spiking  the  thickness  of  Joist  should  be  somewhat  greater  than  the  thickness  of  single  floor  spiking 
to  it.     Using  floor  boards  of  2-in.  thickness,  the  joists  should  be  3  in.  thick. 

566.  Bridging. — Bridging  consists  of  timbers  placed  between  joists  to  support 
them  laterally.  Bridging  is  either  solid  or  of  the  cross  or  herring-bone  type.  The  latter  method, 
shown  in  Pig.  57,  is  the  more  effective  of  the  two  tjrpes,  since  it  not  only  supports  the  joists 
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laterally;  but,  in  the  event  that  a  concentrated  load  comes  on  one  joist,  the  bridging  will  ef- 
fectively assist  the  flooring  in  distributing  a  portion  of  the  load  to  the  joists  at  either  aide. 

For  joista  2  X  10  id.  and  under,  croes  bridging  1  X  4  in.  or  1  X  3  in.  will  be  sufficient.     For  joists  2  X  12  in. 

and  larger,  the  croes  bridg  ing  should  be  at  least  2X3  in.,  and  for  the  larger 
sixes  of  joists,  2  X  4  in. 

Solid  bridging  consists  of  pteoes  of  planks  of  the  same  depth  as  the  joists* 
cut  and  fitted  between  the  j<»sts.  Solid  bridging  should  never  be  leas  than  2 
in.  thick. 

Fig.  57. — Detail  of  herring-  All  bridging  should  be  neatly  and  snugly  fitted  between  the  joists  and  wdl 

bone  bridging.  nailed  thereto.     It  should  be  continuous  throughout  a  line  of  jcnsts  having  a 

common  span.     Cross  bridging  should  be  placed  at  intervals  not  to  exceed 
8  ft.     All  joists  should  be  solid  bridged  over  supports. 

66c.  Arrangement  of  Girders. — With  a  rectangular  floor  bay,  the  economical 
arrangement  of  girders  and  joists  is  to  make  the  girders  span  the  short  side  of  the  rectangle, 
the  joists  taking  the  longer  span. 

For  general  stiffness  of  the  building,  the  girders,  where  possible,  should  run  parallel  to  the 
transverse  axis  of  the  building.  It  may  be  advisable,  if  clearances  will  permit,  to  use  knee 
braces  from  girders  to  columns,  but  in  any  case  the  span  of  girder  should  always  be  taken  as  the 
distance  between  center  lines  of  end  bearing  on  columns  or  walls.  Knee  braces  should  prefer- 
ably be  fitted  or  attached  to  girders  and  columns  after  the  full  dead  load  of  floor  is  in  place; 
otherwise  even  the  slight  deflection  of  girder  may  put  heavy  bending  stresses  in  the  columns. 

Openings  for  stairs,  etc.,  make  the  case  of  non-uniform  loading  more  likely  to  be  encountered  in  the  case  of 
floor  girders  than  in  the  case  of  joists. 

If  double  girders  are  necessary,  an  air  space  should  be  left  between  them,  and  the  two  Orders  connected  at 
short  intervals,  say  2  ft.,  by  pairs  of  bolts,  using  cast-iron  separators  between  the  girders.  This  air  space  is  neces- 
sary to  prevent  dry  rot  taking  place,  although  for  fire  protection,  such  air  space  is  undesirable.  > 

66cf.  Connections  to  C<^umns. — ^To  prevent  the  girders  in  falling  from  pulling 
the  columns  with  them,  in  case  of  fire,  standard  practice  recommends  that  the  attachment  of 
girders  to  columns  be  made  self-releasing.  The  writer  believes,  however,  that  in  the  event  of  a 
fire  serious  enough  to  bum  through  the  girders,  the  interior  posts  of  the  building  are  almost 
certain  to  fall.  For  this  reason,  where  it  is  necessary  to  secure  lateral  stiffness  in  a  building, 
he  believes  it  well  to  design  the  connections  of  girders  to  columns,  and  joists  to  columns,  rela- 
tively strong,  providing  continuity  across  the  columns.  Details  of  such  connections  are  dis- 
cussed in  Sect.  2,  Art.  123. 

56e.  Connections  to  Walls. — All  girders  and  joists  entering  masonry  walls  should 
rest  upon  steel  or  iron  bearing  plates,  well  painted.  An  air  space  should  be  left  around  the 
ends  of  joists  and  girders.  In  order  to  allow  the  girders  or  joists  to  fall  without  p\illing  the 
walls  over  in  case  of  fire,  the  ends  of  the  timbers  are  usually  cut  back,  as  in  Fig.  58.  For  tying 
the  girders  and  joists  into  the  walls,  iron  or  steel  anchors  are  used,  as  illustrated  in  Fig.  58. 
These  anchors  should  be  approximately  K  X  13^-in.  straps,  one  end  forged  into  a  lug  to  fit 
into  a  notch  in  the  upper  side  of  girder.  The  portion  within  the  wall  may  be  bonded  into 
the  masonry.  Sometimes  an  anchor  consisting  of  a  round  rod  is  passed  through  the  wall,  and 
is  fitted  with  an  exterior  ornamental  cast-iron  washer  on  the  outside.  The  other  end  of  the 
rod  may  be  forged  into  a  flat  strap  with  a  lug  as  before. 

Every  girder  should  be  anchored  into  the  wall.  In  the  case  of  joists,  at  least  every  sixth  joist  should  be  so 
anchored.     Building  ordinances  usually  prescribe  in  detail  the  sise  and  arrangement  of  wall  anchors. 

Joists,  closely  spaced,  entering  a  masonry  wall  weaken  the  walls.  Further,  \mle8s  very  careful  inspection  is 
maintained,  one  can  never  be  certain  that  proper  air  spaces  will  be  left  around  the  timbers  entering  the  walL  For 
this  reason,  there  have  been  developed  wall  boxes,  made  of  malleable  iron,  steel,  and  cast  iron,  which  insure  an  air 
space  around  the  joist  or  girder,  and  at  the  same  time  allow  the  timber  to  be  self-releasing  in  case  of  fire.  The  tie 
between  timber  and  wall  is  secured  by  a  lug  on  the  base  of  the  anchor  which  engages  a  notch  on  the  under  side  of 
joist  or  girder.     Typical  box  anchors  are  shown  in  Figs.  59  to  62  inclusive.     Fig.  03  shows  a  Duplex  wall  plate. 

A  third  method  for  support  of  joists  and  girders  is  the  wall  hanger  shown  in  Figs.  64  and  66.  With  the  wall 
hanger,  no  hole  is  left  in  the  wall.     Since  the  joists  and  girders  with  this  device  extend  only  to  the  inner  surface  ol 

^  In  mill  construction,  this  air  space  is  considered  objectionable  by  many  since  it  forma  a  concealed  spatoe. 
which,  in  the  event  of  fire,  cannot  be  reached  by  water  from  the  sprinklers. 
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Kf.  Trplcsl  Floor  Bay  Dealgn. — The  following  exampb  will  illustrate  the 
aeceeBory  computationa  for  deaiguing  the  joiata  and  girden  of  a  typical  flixir  bay.  The  framing 
plan  of  the  bay  is  shown  in  Fig.  00. 


-"Id«l"nUbai. 


lai 


Fia.61. — L«n«wnniclitit«liranhi>E.         Fia.  63.— I>iiplu  wall  box. 


Fia.  «3.— Duplex  wall  iiUt«. 


Fu.  S4.  Duplu  vidl  b, 


Elo.  flS.— "Falli"  joiet  haniof. 


Data:  OOee  flooi:  partitioi 

i»3  X 

in.,  plaalered 

both  aidei.  13  ft.  h 

I  X  «  in.,  upper  floor  1  X  *  in. 

T  AQ 

ceiling  plute 

red;  iwHl.  IB  in.  on 

aq.  f  1. 1  Uto  load  tor  drdert,  48  lb 

(l.;Uveloadt 

tfstaira.  751b.  per  K 

For  appronmata  dead  load 

call  Sao 

ling  a  in.  thiol! 

at  3  Lb.  per  board  f 

eoDten;  .How  1  lb.  per  gq.  [t,  [or  brid«io. 

„eun.eida.U 

roeiling  weight  61b 

paKllt 

Timbar:  E>o<t^a«  «r,  dem» 

al  grade,  all  t 

mbaia  to  be  taken 

M).  ia.  ia  flexure  and  ITG  lb.  in 

oriiontal  eheai. 

■  BoHaeed  one  aide  and  one 

edoe. 

i;  flooring  double,  under  floor  rough 


q.  ft.  ^aaaume^der  weight  ajB  2  lb 
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JoilU 8 

Brid^ns 1 

Ceilina B 

Tot»l  deul  load 18 

Lire  Iwd 80 

ToUl  dakd  «nd  Utb  IohI 78  lb 


Fia.  ea. — Fnminf  pUn  of  tygdcal  floDr. 

Tvpiad  Joit  il.— Sp«n  20  rt.;  load  -  (20><1K)(78)  -  2080  lb.  From  Table  7,  p.  110,  it  ia  found  that  ■ 
<  12-iD.  ioiat  on  a  2(Ht.  ipsa  will  »rry  2140  lb.,  limited  by  bendlnc.  Tbe  load  prDduciag  >  deBectioD  oC  Ht  '" 
■•r  foot  of  Bpui  ii  1238  lb.,  id  tbut  &  deeper  joiat  miutbe  cboMa.  Sinea  fordemdlokd  *  Biodului  of  eluticity  ma 
«  used  ol  only  H  of  that  used  for  live  loed,  the  dead  load  of  IB  lb.  per  eq.  ft.  vill  be  multiplied  by  the  factor  i 
jrina  24  lb.  per  iq.  ft,  makinc  a  total  loading  of  84  lb.  per  ■<].  ft.,  and  a  total  load  of  2240  lb.  to  be  conaidered  i 
irodiK^ios  deaeotion.  Again,  enterioc  the  tabloe  it  ia  found  that  tlie  sale  load  for  a  2  X  14-in.,  as  limited  by  defle- 
ion,  ia  2IS3  lb.     Thia  load,  while  aliihtly  under  the  required  loadiac,  will  be  taken  aa  aatiafactoTy,  and  2  X  14-ii 
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Table  1. — Stud  Partitions* 

Weight  and  strength  based  on  actual  siae 
Board  measure  based  on  nominal  sise 
Add  weight  of  plaster  or  ceiling 
Sin^e  plate  top  and  bottom  included,  same  size  as  studa 

Satk  Load  Basbd  on  Studs  Bbxno  Bbidqbd  at  Ccntbb 


Nominal  sise 

Actual  size 

Distance 

on  centers 

(inches) 

Height  (feet) 

Per  linear  foot  of  partition 

Safe  load* 

1 

Weight 

Board 

(f>ound8) 

(pounds) 

feet 

2X4 

IH  X3H 

12 

8 

[3,723 

16.30 

6.66 

12 

10 

2060< 

3,180 

19.56 

8.00 

12 

12 

[  2,631 

22.82 

9.33 

16 

8 

'  2,793 

13.04 

5.33 

16 

10 

1540- 

2,385 

15.50 

6.33 

16 

12 

.  1.974 

18.00 

7.33 

2X6 

IHX5H 

12 

8 

'  6,767 

25.30 

10.00 

12 

10 

3200  < 

4.926 

30.56 

12.00 

12 

12 

.4.076 

35.42 

14.00 

16 

8 

'  4,326 

20.24 

8.00 

16 

10 

2400^ 

3,699 

24.03 

9.50 

16 

12 

.3.057 

27.83 

11.00 

2H  xa 

2KX5H 

12 

8 

'  9,079 

34.30 

12.50 

12 

10 

4330^ 

8,250 

41.16 

15.00 

12 

12 

.  7,422 

48.02 

17.50 

16 

8 

6,808 

27.44 

10.00 

16 

10 

3250      6,187 

32.59 

12.00 

16 

12 

6,566 

37.73 

13.75 

3X6 

2H  X  5H 

12 

8 

' 

11,823 

42.00 

15.00 

12 

10 

5300 

10.992 

50.40 

18.00 

12 

12 

h 

10,175 

58.80 

21.00 

16 

8 

f  8,868 

33.60 

12.00 

16 

10 

3970 

8.244 

39.90 

14.25 

16 

12 

^  7,630 

46.20 

16.50 

2X8 

IH  X  7H 

12 

8 

'  7,692 

33.80 

13.33 

12 

10 

4260  < 

6,570 

40.56 

16.00 

12 

12 

*  ~  1  6,436 

47.32 

18.66 

12 

14 

.  4,316 

54.08 

21.33 

16 

8 

'  5.769 

27  04 

10.66 

16 

10 

3200  \  ^'^^^ 

32.11 

12.66 

16 

12 

^'^  )  4,077 

37.18 

14.66 

16 

14 

^  3,236 

42.25 

16.66 

2H  X8 

2>4  X  7H 

12 

8 

12,382 

46.80 

16.66 

12 

10 

5900      ^^'2^2 

56.16 

20.00 

- 

12 

12 

*^^|   10.122 

65.52 

23.33 

12 

14 

^    9,008 

74.88 

26.66 

16 

8 

'9v286 

37.44 

13.33 

16 

10 

*^  ?:t^? 

44.46 

15.83 

16 

12 

51.48 

18  33 

16 

14 

6,766 

58.50 

20.83 

3X8 

2HX7H 

12 

8 

'  16.124 

57.20 

20  00 

12 

10    . 

7220      Jt'^S 
13,877 

68.64 

24  00 

12 

12 

80.08 

28  00 

12 

14 

.  12,743 

91.62 

32.00 

16 

8 

12,093 

45.76 

16.00 

16 

10 

5420  i   ^^'^2 

54.34 

19.00 

16 

12 

"^)  10,408 

62  92 

22  00 

16 

14 

9,557 

71.60 

25  00 

*  From  the  Southern  Pine  Manual  (modified). 

*  Safe  loads  in  first  column  as  limited  by  bearing  on  top  and  bottom  plates  at  350  lb.  per  sq.  in.    Safe  loads 
in  second  column  as  limited  by  column  action  (Winslow's  formula  with  p  «  1000  lb.  per  sq.  in.). 
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Tvpieal  JoiH  B.— Since  the  ceiling  muat  be  continuoiu,  the  same  sixe  of  joists  will  be  continued  for  the  shorter 
si>an. 

Header  H. — The  load  coming  on  this  beam  from  the  floor  is  a  girder  load.  Consequently,  the  uniformly  dis- 
tributed floor  load  -  (14)(8)(68)  -  7616  lb.  The  partition  lumber  wiU  weigh  18  lb.  per  lin.  ft.  (see  Table  1). 
Adding  plaster  for  two  sides  at  5  lb.  per  sq.  ft.  per  side,  gives  a  total  load  per  linear  foot  of  18  +  (12)  (10)  »  138  lb. 
The  partition  load  on  the  header  therefore  •  (14)  (138)  -  1930  lb.  Total  load  on  header  «  9546  lb.  From  Table 
9,  p.  1 13,  it  is  found  that  a  4  X  14-in.  timber  on  a  14-ft.  span  will  carry  9764  lb.  in  bending,  and  9415  lb.  as  limits 
for  deflection.     Again  reducing  the  dead  load  to  equivalent  live  load,  we  have* 

(14)(8)(20)(1H)  -    2,987 

(1930)  (IH)  -     2,570 

Live  load  -  (14)  (8)  (48)  -     5,370 


10,927  lb. 

This  load  is  16%  in  excess  of  the  limiting  load  for  deflection  for  a  4  X  14  in.  On  the  other  hand,  the  safe  load 
as  limited  by  deflection  for  a  6  X  14  in.  is  13,808  lb.,  which  is  47  %  too  heavy,  and  the  actual  span  is  13  ft.  8  in. 
instead  of  14  ft.  0  in.     A  4  X  14  in.  will  therefore  be  used. 

Trimmer  C— Uniform  partiUon  load  =  (138)  (20)  «  2760 

(20)(1H)(78) 


Uniform  flo<^  load  ■■ 


1040 


Total  uniform  load  «  3800  lb. 

I^oe  there  is  a  concentrated  load  on  this  header,  also  a  portion  of  a  uniform  load,  in  addition  to  the  uniform  floor 
load  figured  above,  we  will  compute  the  maximum  bending  moment.  Fig.  67  represents  the  actual  loadings 
diagrammatically. 


eosr/h 


3354lbi 


Fio.  67. — Diagram  of  loads  on  Trimmer  C. 


The  live  load  acting  as  a  concentration  (the  reaction  of  Header  ff)  is  a  gilrder  load  for  which  a  20  %  reduction 
may  be  taken  from  the  live  load  for  joists. 
The  concentrated  load  at  P  is,  therefore, 

Floor  -  (7)  (8)  (68)      -  3810 
Partition  -  (138)  (7)  -    966 


4776  lb. 

The  portion  of  uniform  load  on  the  trimmer  not  yet  considered  =■  (78)(16)(H) 
Bending  moments  and  reactions: 
Uniform  load  of  3800  lb. 

M  -  (H) (3800) (20)  -  9500ft.-lb. 
/?i  -  iJ,  -  1900  lb. 


8301b. 


Concentrated  load: 


_         (4776)(4) 


Small  imiform  load: 


M 


Rx  » 


Rt 


20 
(3820)(4) 

(830)  (8) 

20 
(830)  (12) 

20 


-    956 


4776  lb. 
-  15,280  ft.-lb. 


-  3321b. 


-  498  lb. 


M  -  (332)  (4) -1328  ft.-lb.  (approximately) 
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Fie.  68  shows  the  bending  moment  ourves  plotted  graphically. 

The  construction  of  the  parabc^a  of  uniform  moments  is  simple,  a  rectangle  being  erected  on  the  span  with  a 
height  of  9500  f t.-lb.  to  scale.  The  ends  and  half  spans  are  divided  into  the  same  number  of  equal  parts  (in  this 
eaee  4),  ordinates  erected  on  the  span  length  at  these  division  points,  and  radiating  lines  drawn  from  the  center 
of  upper  side  of  rectangle  to  the  division  points  on  the  sides.  The  intersection  of  corresponding  radiating  lines  and 
ordinates  fix  points  on  the  parabola.  The  triangle  of  moment  for  the  concentrated  load  is  indicated  by  the  dotted 
line.  This  triangle  is  increased  for  the  moment  of  the  small  uniform  load  (increase  in  moment  *  1328  ft. -lb. 
at  a  point  4  ft.  from  left  supp<»t).  The  moment  <A  the  small  load  is  also  computed  at  a  point  8  ft.  from  the  right 
end  of  trimmer,     M  -  (12) (332)  -  ^  -r-  n 

(4)  (416)  -  2324  ft.-lb.    The  ordinate  Trimmer  C^Mom^Cf^  .JPT^^u^^n. 

to  the  triangle  of  the  moment  of  p  iofal  unifbm  kxxfoF^lb.    fUntform  foocf  C^f^f 

is  therefore  increased  by  1328  ft. -lb.,  *!> 
and  Ute  full  line  drawn  to  represent 
the  increased  bending  moment,  pass- 
ing through  the  pcnnt  8  ft.  from  left 
support  that  represents  the  increased 
ordinate  of  1328  ft.-lb. 

From  the  diagram,  the  maximum 
bending  moment  is  22,680  ft.-lb. 
Since  Ute  depth  of  floor  construction 
is  limited  to  14  in.,  it  is  evident  from 
the  computations  for  the  joists  that  a 
fiber  stress  of  1800  lb.  per  sq.  in.  can- 
not be  used  without  exceeding  the 
allow^  deflection.  In  the  case  of 
Joist  "  A  "  a  2  X  14-in.  joist  was  used 
when  for  strength  a  2  X  12  in.  was 
found  to  be  satisfactory.  The  ratio 
of  the  strengths  of  these  two  joists  is 
8100/2149.  In  other  words,  the  fiber  stress  in  the  2  X  14-in.  joUt  approximately  -  (2149/3190)  (1800)  -  1216 
lb.  per  sq.  in.  A  fiber  stiess  of  1200  lb.  per  sq.  in.  will  therefore  be  used  for  an  approximate  solution.  Entering 
Table  6,  p.  108,  we  find  that  an  8  X  14-in.  beam,  sised  to  7H  X  13H.  has  at  12001b.  per  sq.  in.  a  safe  resisting 
moment  of  22,781  ft.-lb.,  which  is  satisfactory. 

Trimm/er  D. — The  calculations  for  Trimmer  D  are  similar  to  those  for  Trimmer  C.  No  uniform  partition  load 
oeeuTS  on  the  trimmer.  However,  there  exists  a  stair  load  at  the  left-hand  end.  The  dead  and  live  load  for  the 
stairs  will  be  assumed  at  75  lb.  per  sq.  ft.  [  (L.  L.  76) (80%)  +  (D.  L.  15)]  «  75  lb.  per  sq.  ft.  The  reaction  of  the 
stairs  will  therefore  >■  (7) (4)  (75)  *  2100  lb.,  carried  by  two  stringers.  Only  the  reaction  of  one  stringer  applied 
4  ft.  out  from  the  left  end,  need  be  considered.  This  concentration,  added  to  the  concentration  from  Header 
H,  gives  a  total  concentration  of  4776  +  1050  »  5826  lb. 

For  simplicity  it  will  be  assumed  that  Trimmer  C  takes  a  load  equal  to  that  of  Joist  *'  A, "  or  2080  lb. 

M  -  (H)  (2080)  (20)  -  5200  ft.-lb.     Ri  ^  Rt  ='  1040  lb. 
Ck>noentrated  load: 

(5826)  (16) 


Trfmnwr  c - 
-a     Moment  of  con- 
J  cerrfrvrf/cm  (4776 /A) 
p/u$  moment  erMaf 
.   ^  parffyf/oadorepqfk 
\.  (Trrmnrer  C- Moment  of 
Vioncenfyu/'tdn(4776  Id,/. 


^TnmmerD' 

Momenf  of  concentmrfon 

Fig.  68. — Diagram  of  bending  moments  for  Trimmers  C  and  D. 


Rx  - 
M  - 


20 

(6826)  (4) 

20 


-  46601b. 

-  1166  lb. 


(4660)  (4)  -  18,640  ft.-lb. 

The  diagram  f<Mr  bending  moments  is  shown  by  the  dot  and  dash  lines  in  ilg.  68.    The  maximum  bending 
moment  is  approximately  22,800  ft.-lb.,  so  an  8  X  14-in.  timber  will  be  used. 

(6700)  (IH) 


The  maximum  vertical  shear  is  5700  lb.    The  maximum  intensity  of  horisontal  shear  is  therefore 
«■  80  lb.  per  sq.  in.,  which  is  well  within  the  permissible  unit  stress. 


(7M)(13H) 


67.  Roof  Construction. 

67a.  Thickness  of  Sheathing. — ^Except  in  mill  construction,  the  thickness  of 
roof  sheathing  is  seldom  over  1  in.  nominal,  or  ^  ^e  in.  finished.  For  roofs  with  a  finish  of  tar 
or  asphalt  and  gravel,  or  prepared  roofing,  either  built  up  on  the  job  or  ready  roofing,  the  sheath- 
ing should  be  dressed  and  matched  and  of  good  quality,  not  less  than  No.  2  Common.  The  span 
of  sheathing  of  this  size  is  usually  limited  by  deflection,  rather  than  strength,  although  the 
strength  should  always  be  investigated.  Roofs  are  alwajrs  walked  upon  at  some  time  or  another, 
and  appreciable  deflection  of  the  sheathing  will  tend  to  break  off  the  tongues  of  tongue-and- 
grooved  lumber.  Shiplap,  instead  of  tongue-and-grooved  lumber,  may  be  used.  The  two 
sections  are  shown  in  Figs.  69  and  70. 

hlh.  Spacing  of  Roof  Joists. — If  the  roof  joists  support  the  ceiling  also,  their  spacing 
should  not  exceed  Id  in.,  as  this  is  the  limiting  span  for  wooden  laths  with  plaster  ceiling. 
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On  the  Pacific  Coast,  where  no  saow,  or  at  most  very  light  bdow  occura,  the  spacing  of  roof 
joists,  when  no  ceUiag  muat  be  provided  for,  ia  commonly  taken  at  24  in.,  and  in  cheap  cod- 
stniction  the  spacii^  is  mode  32  in. 


1^ 


Fio.  71. — Detail  of  lypiosl  root  brodnt  truM. 


tia.  TO. — Section  of  S  X  6-in.  ihipUp. 

STc.  Anangement  of  Gdrden  or  TruBses. — The  arr&UKement  of  prdere  and 
tnissea  ia  a  matter  worthy  of  study  in  any  building.  Usually  there  are  requirements  of  interior 
ammgement  which  dictate  the  spacing  of  columns. 

Trusaee  are  most  economically  spaced  at  approximately  16  to  20  ft.  Three  methods  of 
framing  the  roof  joists  or  raftere  may  be  adopted:  (1)  Supporting  the  joists  directly  on  the 
upper  chords;  or  (2)  placing  roof  girdere  or  purlins  at  the  panel  points  of  the  trusses,  and 
spanning  the  bays  between  purlins  by  light  rafters;  or  (3)  providing  purlin  trusses  at  certain  panel 

points  and  spanning  between  the 
purlin  trusses  by  means  of  nther 
heavy  rafters,  or  roof  joists.  There 
are,  naturally,  advantages  and  disad- 
vantages to  each  system.  Consider- 
ing vertical  loads  above,  the  particular 
building  involved  may  carry  with  it 
some  special  reason  for  adopting  one 
method  in  preference  to  the  others. 
Prom  the  standpoint  of  cost  alone,  it 
will  usually  be  found  upon  investiga- 
tion, that,  if  the  different  systems  are  designed  correctly  and  consistently,  there  will  be  little 
difference  in  cost.  In  some  localities,  the  relatively  high  price  of  steel  compared  to  lumber 
may  warrant  a  minimum  of  truss  woric  and  the  employment  of  lai^er  sixes  of  lumber.  In 
other  localities  the  cost  of  securing  the  larger  sizes  of  joists  may  make  small  spans  advisable.  No 
bard  and  fast  rule  can  be  laid  down. 

tld.  Bradng  Trasses. — Bracing  trusses  are  a  necessity  in  long  truss  spans; 
in  fact,  the  writer  recommends  that  all  roof  trusses  over  20-ft.  span  be  provided  with  at  least 
one  bracing  truss,  and  that,  in  general, 

bracing  trusses  be  placed  at  B  spacing  ^,  ..^ e-i>e'-^^^iat-^ 

not  greater  than  15  or  16  ft.  The  brac- 
ing truBses  may  be  utiUzed  as  purlin 
truHsea  if  properly  proportioned  They 
should  be  of  the  full  depth  of  the 
truss,  and  well  connected  thereto.  The 
compression  chord  of  a  main  roof  truss 
needs  to  be  supported  laterally  for 
column  action;  the  lower  chord  should 
also  be  stayed  lateraJly  for  general  stiff- 
ness  of   the  building,  if  for  no  other 

reason.  Such  bracing  trusses  may  be  made  up  of  dimension  lumber  and  spiked  or  bolted 
together,  and  thus  give  a  comparatively  cheap,  and  at  the  same  time,  effective  construction. 
A  typical  example  of  such  a  bracing  truss  is  shown  m  Pig.  71.  Attention  is  called  to  the 
"T"  section  of  chords,  also  to  the  detaib  for  connection  to  the  main  trusses. 

Another  method  for  providing  general  stiffness  in  the  roof  framing  is  shown  in  Pig-  72. 
In  this  detail  the  roof  joists  are  doubled  at  certain  intervals;  braces  or  struts  are  framed  be- 
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tween  the  double  joists,  and  the  bottom  of  these  struts  fitted  against  and  attached  to  the  lower 
chords  of  the  truss. 

The  actual  atreasee  coming  upon  a  bracing  truM  are  usually  indeterminate.  With  study  of  the  roof  framing 
plan,  however,  a  definite  scheme  of  wind  bracing  may  be  provided,  in  which  the  bracing  trusses  will  play  a  vital 
part.  The  whole  roof,  or  one  side  of  the  roof,  may  be  regarded  as  a  horisontal  beam,  or  tniss,  transferring  the  wind 
reactions  delivered  thereto  from  the  side  walls  to  the  end  walls,  or  to  columns  and  walls.  Following  out  this 
scheme,  diagonal  rods  may  be  placed  in  the  plane  of  the  upper  chords  of  the  roof  trusses. 

Fig.  73  shows  an  arrangement  of  roof  trusses,  bracing  trusses  and  diagonal  rods  for  an  assumed  small  build- 
ing of  the  mill-building  type.  When  the  length  of  a  building  is  three  or  more  times  its  breadth,  and  such  building 
is  only  moderately  high,  the  diagonal  rods  may  very  frequently  be  omitted  in  some  of  the  outer  side  bays.  It  may 
alM>  be  possible,  without  endangering  the  rigidity  of  the  building,  to  make  some  of  the  lines  of  bracing  trusses  non- 
oontinoous  throughout  the  length  of  the  building.  For  example,  in  Fig.  73,  were  the  building  twice  as  long  as  shown, 
it  might  be  entirely  consistent  with  safety  to  omit  alternate  bracing  trusses  in  the  first  and  third  lines,  keeping  the 
oenter  line  of  bracing  continuous.  It  must  be  obvious  that  the  exact  arrangement  of  bracing  in  a  roof  is  almost 
entirely  a  matter  of  judgment,  but  judgment  based  on  an  understanding  of  the  fundamental  principles  of  structural 
mechanics  and  experience  in  design  and  construction.  While  it  is  granted  that  the  actual  stresses  in  a  roof  due  to 
wind  are  impossible  to  find,  an  assumption  of  a  reasonable  wind  pressure  and  a  definite  and  logical  system  of  brac- 
ing consistently  followed  out  in  all  details  will  insure  a  much  safer  structure  than  a  "  hit-or-miss  "  or  "  rule-of -thumb" 
procedure,  and  will  also  result  in  a  more  economical  building  than  one  composed  of  heavier  sections,  poorly  braced. 


Budding  mff-^ 


FiQ.  73. — Diagrammatic  plan  of  tsrpical  roof  bracing. 


Fio.  74. — Typical  details  of  connection  of 
bracing  rods  to  upper  chord  of  roof  truss. 


Two  typical  details  of  connections  of  such  diagonal  rods  to  the  roof  trusses  are  shown  in  Fig.  74.  In  Fig. 
74(a)  the  rods  are  passed  through  holes  bored  diagonally  through  the  chord,  and  fitted  with  special  beveled  cast- 
iron  washers.  In  Fig.  74(6)  a  steel  plate  is  lag-screwed  to.  the  chord,  and  connection  between  plate  and  rods  is 
secured  by  means  of  clevises  and  pins.  If  the  roof  joists  are  supported  directly  upon  the  upper  chord,  these  plates 
will  probably  have  to  be  attached  to  the  lower  side  of  chord.  In  such  a  case,  the  plates  should  be  fastened  to  the 
^ord  while  the  truss  is  on  the  ground.  It  may  be  taken  for  granted  that  such  connection,  if  made  after  the  truss  is 
erected,  will  be  poor.  It  is  difficult,  at  best,  to  make  a  carpenter  screw  lag-screws  into  place,  and  it  is  almost  cer- 
tain, if  placed  by  a  man  on  a  scaffold,  that  the  work  will  be  poorly  done. 

Obviously,  the  system  of  diagonal  bracing  rods  just  described  may  be  placed  in  the  plane  of  the  lower  chcrds 
of  the  trusses,  provided  that  bracing  trusses  exist  to  form  the  chords  of  the  wind  resisting  truss.  Provision  must 
be  made  for  supporting  the  rods  to  prevent  them  from  sagging. 

Diagonal  rods  in  the  plane  of  the  roof  framing,  placed  in  the  outer  bays,  are  an  excellent  thing;  they  enable  the 
building  to  be  "squared  up"  ana  will  do  much  to  prevent  racking  of  the  roof  due  to  wind,  with  possible  consequent 
breaking  of  skylights.  Re-tightening  of  these  bracing  rods  will  be  necessary  from  time  to  time  as  shrinkage  of 
the  timber  takes  place. 

67c.  Saw-tooth  Roof  Framing. — Saw-tooth  roofs  are  constructed  with  inclined 
or  vertical  faces,  the  former  being  perhaps  more  generally  used  than  the  latter  on  account  of 
better  diffusion  of  light.  From  the  standpoint  of  maximum  efficiency  in  diffused  lighting,  the 
saw-teeth  should  face  north  with  the  faces  inclined  at  an  angle  of  25  to  30  deg.  with  the  vertical. 
The  saw-tooth  with  vertical  face  is  somewhat  easier  to  construct  and  is  less  likely  to  give 
trouble  through  leakage  and  condensation  than  the  inclined  face  construction.  In  the  latter 
type,  there  should  be  no  horizontal  mullions  in  the  windows,  since  water  would  stand  on  these 
and  eventually  leak  through.  Further,  condensation  will  tend  to  take  place  on  the  inner  side  of 
the  inclined  glass  and  drop  vertically  on  the  contents  of  the  building. 

In  both  types  of  construction,  careful  attention  must  be  given  to  the  design  of  the  windows,  whether  fixed  or 
mofvable  sash.     The  flashing  should  nm  under  the  window  sill  and  form  an  inside  condensation  gutter  discharging 
25 


386 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  ^-57e 


into  conductors.  Double  gUsing  is  sometimes  employed  in  the  more  northerly  latitudes  on  aocoont  of  ita  non- 
conducting qualities. 

Some  typical  details  of  saw-tooth  roofs  are  shown  in  Figs.  76,  76,  77,  78  and  79. 

The  roof  planking  should  be  at  least  3  in.  in  thicknees,  tong}ied-and-grooved  or  splined,  spanning  8  to  10  ft. 
between  the  inclined  roof  beams.     The  vallesrs  between  the  saw-teeth  should  have  an  inclination  of  not  less  than 


Cross  section  through  typical  saw  tooth. 

Fio.  76. 


Partial  elevation  of  saw  tooth. 


FiQ.  76. — Detail  of  saw-tooth  frame — inclined 
face  with  pipe  ties. 


PiQ.  77. — Detail  of  saw-tooth  frami 
face  with  pipe  ties. 


-vertical 


FiQ.  78. — Detail  of  saw-tooth  frame — inclined 
face  with  timber  ties. 


Fia.  79. — Detail  of  saw-tooth  frame — vertical 
face  with  timber  ties. 


H  in.  to  the  foot,  and  the  conductors  should  be  spaced  not  more  than  60  ft.  apart.     The  construction  of  the  sloping 
valleys  is  easily  accomplished  by  blocking  between  the  structural  members  of  the  frame. 

Fig.  75  illustrates  a  typical  construction  with  inclined  faces.  The  roof  joists  are  supported  at  their  upper 
ends  on  inclined  posts,  and  at  their  lower  ends  by  joist-hangers  on  the  roof  girders.  Tie  rods  are  ^own  at  the  foot 
of  each  inclined  roof  beam  to  prevent  the  roof  from  spreading.  While  the  construction  shown  in  this  figure  may  b« 
termed  standard,  objection  can  be  raised  (1)  to  the  use  of  joist-hangers,  (2;  to  the  use  of  small  tie  rods  exposed  to 
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fire  and  tendinc  to  im.  (3)  to  the  abemM  of  any  baruoatal  nwrnbua  M  tb«  top  el  poota  to  take  thrust,  and  (4)  to 
llw  abaenee  of  general  ■tiSoees  of  [rame  to  boriiontal  forcea. 

In  Fica  76  and  77  the  above  objections  are  larcely  met  by  brining  the  iDalinsd  roof  beams  to  rest  on  the  top 
el  the  KirdsTB  and  the  subatitatitm  of  inpe  ties  between  the  roof  giiden.  These  pipe  ties,  fitted  with  standard  fisogBs 
and  bolted  throoch  the  ffrdera.  have  the  advantsse  over  rod>  of  beini  able  lo  take  both  tension  and  compremioD 
and  also  of  not  requirinc  baoieis  to  prevent  them  from  sagging.  These  pipes,  bowevei,  must  be  of  fau-ly  large 
Bisein  order  that  the;  may  be  of  value  as  compreMion  members.  The  ratio  of  length  of  member  to  radius  otgyra- 
tioo  ahonld  not  exceed  176.     This  DoostruotioQ,  however,  still  gives  metal  eiiKeed  to  fire. 

Fi^  78  and  70  illostrste  an  all-timber  type  of  eonstructioa.  These  details,  drawn  for  both  the  iooUaed  and 
Tcrtieal  tan  types  of  saw-tooth,  furnish  s  simple  and  eFteotive  construotioa.  A  somewhat  higher  building  is  re- 
quired by  this  BonstruEtioD  than  with  that  of  Fig.  75  but  the  general  stiffneBB  gained,  and  the  absence  o(  eipossd 
metal,  will  more  than  offset  the  cost  ol  increased  height  ol  walls. 

B8.  Mill  Constntction.' — The  preceding  discussion  in  thia  chapter  has  related  to  timber 
framed  flooia  and  roots  in  general.    This  article  treats  very  brieBy  and  in  a  general  way  of  the 


Fio.  81.— Mill  construction  with  laminated  floor. 

speeial  type  of  construction  known  as  "Mill  Construction,"  or  "Slow-buming  Mill  Construc- 
tion,"so-calledbecauae  it  wasdevelopedfor  use  in  factory  ormill  buildings  in  the  New  England 
states.  In  thia  construction  all  timbers,  as  posts,  girders,  and  joists,  are  made  of  large  section; 
joists  are  eliminated  as  far  as  possible,  by  substituting  a  heavy  thick  floor  sufficient  in  strength 
to  span  some  feet.  The  result  gives  a  building  having  lai^e  areas  of  flat  ceilings,  and  heavy, 
solid  masses  of  timber  in  girders  and  posta.  Such  a  structure  in  case  of  fire  will  tend  to  char 
rather  than  bum,  and  all  parts  are  easily  reached  by  the  water  from  the  automatic  aprinklera. 
This  type  of  building,  properly  sprinkled,  takes  a  comparatively  low  insurance  rate. 

In  the  bulletin,  "  Heavy  Timber  Mill  Construction  Buildings, "  published  by  the  Engineer- 
ing Bureau  of  the  National  Lumber  Manufacturers  AssociatioD,  mill  construction  is  divided 
into  three  classes  as  follows  (see  Figs,  80  to  84  inclusive): 

<  See  also  the  following  ehapUr  by  V.  W.  Dean. 
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1.  Floon  ol  heavy  plsnk  laid  flat  upon  large  (irdarm  which  are  ip&cwl  from  8  to  II  ft.  on  oentcn.  Th«w  t^- 
den  in  aupportea  by  •rood  pogta  or  colurniu  apued  from  Ifl  to  25  It.  apart.  This  type  ia  olten  refeired  to  M  "  Stand- 
ud  MiU  CoMtruetion." 

2.  Hoon  of  heavy  plank  laid  on  edge  and  anpporUid  br  Jiirden  whioh  at*  gpiicsd  (torn  12  to  IS  (L  on  center*. 
Theaa  prder*  are  aupported  by  wood  poet*  or  columna  apaced  16  ft.  or  over  apart,  dependiDs  upon  th*  dwpi  of 
the  itruetLire.     This  type  ig  rmiled  "  Mill  CoDitructian  with  laminated  Floon. " 

3,  ^oon  of  heavy  plank  laid  flat  upoQ  large  beams  which  Are  spaced  frooi  4  to  10  ft.  on  eeatera  and  aupported 
by  (irden  spaeed  u  (sr  apart  ae  the  lowtng  will  allow.  These  sirders  are  carried  by  wood  postaorcduniu  located 
as  far  apart  si  coiuistent  with  the  geDeral  deaiEO  of  the  building.  A  spadag  o(  from  2I>  to  2S  ft.  is  nal  uncotniDon 
f  oT  columns  in  this  class  of  framing  where  the  loading  is  not  exceaaive.  This  type  is  more  generally  known  as  "  Setoi- 
Mill  Construction." 
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haviuE  masonry  walls  and  heavy  timber  ioierior  construction  with  no  concealed  spans.     Such  buildings  an  usu- 

I.  Ccdumns,  if  of  timber,  shall  be  aol  less  thao  Sin.  in  smallest  croeB-eectional  dimensions  and  all  oorner*«hall 
be  rounded  or  chamfered, 

3.  Wooden  columns  shall  be  superimposed  throushout  all  stories  on  iron  or  steel  post  caps  with  brackets. 

jr  iprders  may  be  used  it  protected,  as  folltrws:  Steel  girders  and  steel  or  iion  oolumitt 
i,  other  than  those  facine  upon  a  street,  shall  be  protected  by  at  least  2  in.  of  fin- 
proofing.  .  .  .or  by  2in.  of  metal  lath  and  cement  plaster;  the  latter  beingapplisd  in  two  layers  with  an  airspace 
between  them.  All  other  iron  or  steel  ctJuiniiB  shall  be  protected  by  at  least  I  in.  of  metal  lath  and  cement  plaster 
or  its  equivalent. 

4.  Wooden  girders  or  door  timbers  shall  be  suitable  for  the  load  carried,  but  in  no  esse  leas  than  6  in.  either 
dimension,  and  shall  rcet  on  iron  ptslee  on  wall  ledges  and  where  entering  wails  shall  be  sell-nlessiog.  Walls  may 
be  corbeled  out  ta  support  floor  timbers  where  necessary.     The  corbehng  shall  not  eiceed  2  in. 

5.  So  far  as  possible,  girders  or  floor  timbers  shall  be  single  stick. 
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7.  Width  of  floor  bays  shall  be  between  6  and  11  ft. 

Note:  The  practice  in  "mill"  constniotion  of  supporting  the  ends  of  beams  on  girders  by  means  of  metal  stir- 
nip9  or  bracket  hangers  is  objectionable.  Experience  has  shown  that  such  metal  supports  are  likely  to  lose  their 
strength  when  attacked  by  fire  and  so  cause  collapse. 

Floors: 

1.  Floors  shall  be  not  less  than  3-in.  (2^-in.  dressed)  splined  or  tongued  and  grooved  plank  covered  with  1-in. 
(^4n  dressed)  flooring  laid  croesways  or  diagonally.  Top  flooring  shall  not  extend  closer  than  H  in*  to  walls  so 
as  to  allow  for  swelling  in  case  floor  becomes  wet.  This  place  shall  be  covered  by  a  moulding  so  arranged  that 
it  will  not  obstruct  movement  of  the  flooring. 

2.  Waterproofing  shall  be  laid  between  the  planJdng  and  the  flooring  in  such  manner  as  to  make  a  thoroughly 
waterproof  floor  to  a  height  of  at  least  3  in.  above  floor  level.  When  there  are  no  scuppers,  the  elevator  or  stair- 
wells may  be  used  as  drains  for  the  floors,  in  which  case  the  waterproofing  material  need  not  be  flashed  up  at  these 
points. 

3.  All  exposed  woodwork  in  interior  construction  shall  be  planed  smooth. 

Roof  St  SkyUghUt  and  Cornices: 

1.  Roofs  shall  be  of  plank  and  timber  construction  and  flat,  except  for  pitch  necessary  for  proper  drainage. 
Plank  shall  be  not  less  than  2H  iO'  (2H  in*  dressed)  splined,  or  tongued  and  grooved.  Timbers  shall  be  not  less 
than  6  in.  either  dimension  and  shall  be  single  stick. 

Both  roof  timbers  and  planks  shall  be  self -releasing  as  regards  walls. 

Note:  The  saw-tooth  form  of  roof  is  considered  satisfactory,  although  not  quite  the  equivalent  of  a  flat  mill 
constructed  roof. 

PariUions: 

Partitions  shall  be  constructed  of  incombustible  material  or  of  2-in.  matched  plank  or  double  matched  boards 
with  JMnts  broken,  preferably  coated  with  fire  retarding  paint. 

Note:  Ordinary  paint  is  not  objectionable,  but  varnish  or  shellac  is  very  undesirable. 

The  following  description  of  laminated  floors  is  taken  from  the  bulletin  of  the  National 
Lumber  Manufacturers  Association  referred  to  above: 

If  heavy  loads  are  to  be  carried  on  long  spans,  planks  6  or  8  in.  wide  are  set  on  edge  dose  together,  firmly 
nailed  at  ^ush  end  and  at  about  18-in.  intervals  with  60-D  nails,  alternating  top  and  bottom,  thus  forming  a  "lam- 
inated floor."  E!ach  of  these  floors  is  covered  with  two  or  more  thicknesses  of  waterproof  paper  or  similar  material 
and  then  by  a  top,  or  wearing,  floor,  laid  at  right  angles  to  the  direction  of  the  underfloor.  Material  b  sur- 
faced on  all  sides  and  edges  of  plank  beveled  to  serve  as  a  finish  on  the  ceiling  below. 

Wliere  plank  floors  are  laid  flat,  the  boards  should  be  two  bays  in  length  if  possible  and  laid  to  break  joints 
every  4  ft.  With  laminated  floors,  it  may  be  difficult  to  obtain  plank  two  bayB  in  length.  In  such  a  case,  the  planks 
may  be  laid  with  the  ends  extending  between  centers  of  girders  with  one  plank  laid  across  the  girder  at  frequent 
intervals  (every  sixth  or  eighth  piece)  to  act  as  a  tie  in  the  floor.  Or,  by  another  method,  the  ends  of  planks  should 
join  at  or  near  the  quarter  point  of  the  span  between  girders,  taking  care  to  break  joints  in  such  a  way  that  no  con- 
tinuous line  across  the  floor  will  occur. 

In  laying  laminated  floors,  it  is  advisable  to  omit  the  last  two  planks  at  walls  until  after  glasing  and  roofing 
have  been  completed.  Then  these  spaces  should  be  filled  in  close  against  the  walls.  It  is  often  recommended  that 
laminated  floors  be  laid  without  nailing  to  the  girders  which  support  the  floor,  so  that  expansion  in  the  floors  due 
to  dampness  will  not  cause  movement  in  the  girders  at  the  walls. 

The  top-floor  may  be  of  softwood  or  hardwood  as  use  demands.  Tongued  and  grooved  flooring  is  used  al- 
most entirely.  Square-edged  flooring  is  easier  to  replace  when  repairs  are  needed,  but  wears  less  around  nails, 
thus  making  an  uneven  floor.  Some  of  the  best  buildings  have  a  double  top-floor,  the  lower  part  of  softwood  laid 
diagonally  upon  the  plank  under-floor,  and  the  hardwood  upper  part  laid  lengthwise.  This  latter  method  allows 
boards  in  allesrs  or  jMissages  to  be  easily  replaced  when  worn,  and  the  diagonal  boards  brace  the  floors,  reduce 
vibration,  and  distribute  the  floor  load  evenly.  The  top-floor  should  always  be  laid  so  that  the  length  of  the  pieces 
is  parallel  to  the  direction  of  the  traffic  or  trucking.     Usually  this  is  lengthwise  of  the  building. 

When  a  laminated  floor  is  constructed  of  material  surfaced  four  sides,  or  of  material 
surfaced  two  sides,  there  is  great  danger  of  dry  rot,  unless  the  lumber  is  thoroughly  air  seasoned 
or  kiln  dried.  On  account  of  this  feature,  many  engineers  prefer  to  use  only  rough  lumber  for 
laminated  floors,  the  slight  unevenness  of  the  boards  or  planking  providing  enough  air  spaces 
to  prevent  dry  rot.  It  is  the  writer's  opinion  that  the  rough  flooring,  besides  being  cheaper, 
will  give  additional  security  against  the  decay  of  the  timber. 

Tables  2  and  3  give  the  maximum  spans  for  timber  mill  laminated  floors  for  thicknesses 
var3dng  from  3  in.  nominal  to  12  in.  nominal,  fiber  stresses  from  1200  to  1800  lb.  per  sq.  in., 
and  loads  from  50  to  400  lb.  per  sq.  ft. 
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In  both  these  tables,  the  limiting  span  is  given  for  a  deflection  of  }4o  in*  P^^  foot  of  span, 
based  on  a  modulus  of  elasticity  of  1,620,000.  Since  mill  floors  in  general  have  no  ceiling,  the 
deflections  taken  from  this  table  may  be  used  directly,  although,  if  the  pennanent  deflection  is 
desired,  a  reduced  modulus  of  elasticity  for  the  constant  loads  should  be  used. 


Table  2.* — Maximum  Spans  for  Timber  Mill  Floors 

Fiber  stress  1200.  1300,  1500,  1600  and  1800  lb.  per  sq.  in.;  modulus  of  elasticity.  1,620,000  lb.  per  aq.  in. 
The  sum  of  the  live  load  and  the  weight  of  the  floor  was  used  in  calculating  the  spans. 
In  the  line  marked  deflection  is  given  the  span  which  has  a  deflection  of  Ho  in.  per  foot  of  span. 
Made  of  planks  on  edge,  laid  close. 


Fiber 

Span  in  feet 

stress 
Ob.  per 

Live  load  in  iK>unds  per  square  foot 

sq.  in.) 

50 

100 

125 

150 

176 

200 

225 

250 

276 

300 

350 

400 

(3  in.  Nominal  thickness — 2H  in*  actual  thickness 

1200 

13' 

8" 

10'  1" 

9'  1" 

8'  4" 

7'  9" 

7'  3" 

6'ld" 

6'  6" 

6'  3" 

6'  0" 

6'  7" 

5'  2" 

1300 

14' 

3" 

10*  6" 

9'  6" 

8'  8" 

8'  1" 

7'  7" 

7'  2" 

6'10" 

6'  6" 

6'  3" 

6'  9" 

5'  5" 

1600 

15' 

4" 

11'  3" 

10'  2" 

9'  4" 

8'  8" 

8'  2" 

7'  8" 

7'  4" 

7'  0" 

6'  8" 

6'  2" 

6'10" 

1600 

15' 10" 

11'  8" 

10'  6" 

9'  7" 

8'11" 

8'  4" 

7'11" 

7'  7" 

7'  2" 

6'11" 

6'  6" 

6'  0" 

1800 

16' 

9" 

12'  4" 

11'  2" 

10'  3" 

9'  6" 

1  8'11" 

8'  6" 

8'  0" 

7'  8" 

7'  4" 

6'  9" 

6'  4" 

Defl. 

9' 

0" 

7'  4" 

6'11" 

6'  6" 

6'  2" 

i  6'11" 

6'  8" 

5'  6" 

6'  4" 

5'  2" 

4'11" 

4'  9" 

■               1               ■               1               I 

(4  in.  Nominal  thickness — 3H  in*  actual  thickness) 

1               1               1               1               1               1 

1200 

18' 

6" 

13'  8" 

12'  4" 

11'  6" 

10'  7" 

10'  0" 

9'  6" 

9'  0" 

8'  7" 

8'  3" 

r  7" 

7'  2" 

1300 

19' 

2" 

14'  3" 

12'11" 

U'lO" 

11'  0" 

10'  4" 

9'10" 

9'  4" 

8'11" 

8'  7" 

7'11" 

7'  5" 

1500 

20' 

7" 

15'  4" 

13'10" 

12'  9" 

irio" 

11'  2" 

10'  6" 

10'  0" 

9'  7" 

9'  2" 

8'  6" 

8'  0" 

1600 

21' 

3" 

IS'IO" 

14'  4" 

13'  2" 

12'  3" 

11'  6" 

lO'll" 

10'  4" 

9'11" 

9'  6" 

8'10" 

8'  3" 

1800 

22' 

7" 

16'  9" 

15'  2" 

13'11" 

13'  0" 

12'  2" 

11'  7" 

11'  0" 

10'  6" 

10'  1" 

9'  4" 

8'  9" 

Defl. 

12' 

3" 

10'  1" 

9'  6" 

8'11" 

8'  6" 

8'  2" 

7'10" 

7'  7" 

7'  4" 

• 

7'  2" 

6'10" 

6'  6" 

(5  in.  Nomic 

1 

1               ' 

lal  thickness— 4 H  in*  actual  thicki 

1               1               1 

less) 

1200  . 

22'iO" 

17'  8" 

15'  7" 

14'  6" 

13'  6" 

12'  7" 

ll'll" 

11'  4" 

lO'lO" 

10*  6" 

9'  8" 

9'  1" 

1300 

23'10" 

17'11" 

16'  3" 

14'11" 

13'11" 

13'  1" 

12'  6" 

11 '10" 

11'  4" 

lO'lO" 

10'  1" 

9'  5" 

1500 

25' 

7" 

19'  3" 

17'  6" 

16'  1" 

15'  0" 

14'  1" 

13'  4" 

12'  8" 

12'  2" 

ir  8" 

lO'lO" 

10'  2" 

1600 

26' 

5" 

19'11" 

18'  0" 

16'  7" 

15'  6" 

14'  7" 

13'  9" 

13'  1" 

12'  6" 

12'  0" 

11'  2" 

10*  6" 

1800 

28' 

0" 

21'  1" 

19'  1" 

17'  7" 

16'  6" 

15'  5" 

14'  7" 

13'11" 

13'  4" 

12'  9" 

ll'lO" 

11'  1" 

Defl. 

15' 

4" 

12'  9" 

ll'll" 

11'  3" 

10'  9" 

10'  4" 

10*  0" 

9'  8" 

9'  4" 

9'  1" 

8'  8" 

8'  4" 

■               III 

(6  in.  Nominal  thickness' — 6H  in.  actui 

1               1               1               1 

il  thickness*) 

1200 
1300 
1600 
1600 
1800 
Defl. 

20'  8" 
21'  6" 
23'  1" 
23'10" 
25'  3" 
15'  4" 

18'  9" 
19'  6" 
21'  0" 
21'  8" 
23'  0" 
14'  5" 

17'  4" 
18'  0" 
19'  4" 
20'  0" 
21'  2" 
13'  8" 

16'  2" 
16'10" 
18'  1" 
18'  8" 
lO'lO" 
13'  0" 

15'  3" 
15'10" 
17'  0" 
17'  7" 
18'  8" 
12'  6" 

14'  6" 
16'  0" 
16'  1" 
16'  7" 
17'  8" 
12'  1" 

13'  9" 
14'  3" 
15'  4" 
15'10" 
16'10" 
11'  8" 

13'  2" 
13'  8" 
14'  8" 
15' 2" 
16'  1" 
11'  4" 

12'  8" 
13'  1" 
14'  1" 
14'  7" 
15'  6" 
11'  0" 

11'  9" 
12'  2" 
13'  1" 
13'  6" 
14'  4" 
10'  6" 

11'  0" 
11'  5" 
12'  3" 
12'  8" 
13'  6" 
10'  1" 

*  ■*        ^^ 

•  From  Southern  Pine  Manual. 

*  Use  for  laminated  floors  when  made  of  2  X  6  and  4X6  pieces. 
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Table  3.* — Maximum  Spans  fob  Timber  Laminated  Floors 

Fiben  strees  1200.  1300.  1600,  1600  and  1800  lb.  per  sq.  in.;  modulus  of  elasticity.  1,620,000  lb.  per  sq.  in. 
The  sum  oi  the  live  load  and  the  weiget  of  the  floor  was  used  in  calculating  the  spans. 
In  the  line  marked  deflection  is  given  the  span  which  has  a  deflection  of  Ho  in.  per  foot  of  span. 
Made  of  planks  on  edge,  laid  dose. 


Fiber  stress 
Ob.  per 
sq.  in.) 


Span  in  feet 
Live  load  in  pounds  per  square  foot 


100 


125 


150 


175 


200 


225 


250 


275 


300 


350 


400 


1200 
1300 
1500 
1600 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


1200 
1300 
1500 
1600 
1800 
Defl. 


(6  in.  Nominal  thickness^ — 5H  in*  actual  thidcness) 


20'  Z" 

18'  4" 

16'11" 

15'10" 

15'  1" 

14'  1" 

13'  5" 

12'10" 

12'  4" 

11'  6" 

21'  1" 

19'  \" 

17'  8" 

16'  5" 

15'  8" 

14'  8" 

14'  0" 

13'  4" 

12'10" 

ll'll" 

22'  7" 

20'  9" 

18'11" 

17'  8" 

16'10" 

15'  9" 

15'  0" 

14'  4" 

13'  9" 

12'10" 

23'  4" 

21'  3" 

19'  7" 

18'  3" 

17'  5" 

16'  4" 

15'  6" 

14'10" 

14'  4" 

13'  3" 

24'  9" 

22'  6" 

20'  9" 

19'  4" 

18'  5" 

17'  3" 

16'  5" 

15'  9" 

15'  1" 

14'  0" 

15'  0" 

14'  1" 

13'  4" 

12'  9" 

12'  3" 

11'  9" 

11'  5" 

ir  1" 

10'  9" 

10'  3" 

(10  in.  Nominal  thickness — 9>^  in.  actual  thickness) 


(12  in.  Nominal  thickness — 11 H  in-  actual  thickness) 


10'  9" 
11'  2" 
12'  0" 
12'  5" 
13'  2" 
9'10" 


(8  in 

I.  Nomin 

al  thicku 

less — 7H 

in.  actu 

al  thick! 

less) 

26'10" 

24'  6" 

22'  8" 

21'  2" 

20'  0" 

19'  0" 

18'  1" 

17'  4" 

16'  7" 

15'  6" 

27'11" 

25'  6" 

23'  7" 

22'  1" 

20'10" 

19'  9" 

18'10" 

18'  0" 

17'  4" 

16'  1" 

30*  0" 

27'  5" 

25'  4" 

23'  9" 

22'  4" 

21'  2" 

20'  3" 

19'  4" 

18'  7" 

17'  4" 

31'  0" 

28'  3" 

26'  2" 

24'  6" 

23'  1" 

21'11" 

20'10" 

20'  0" 

19'  2" 

17'10" 

32'10" 

30'  0" 

27'  9" 

26'  0" 

24'  6" 

23'  3" 

22'  2" 

21'  2" 

20'  4" 

19'  0" 

20'  1" 

19'  4" 

17'11" 

17'  2" 

16'  6" 

15'11" 

15'  5" 

15'  0" 

14'  7" 

13'11" 

14'  7" 
15'  2" 
16'  3" 
16'  9" 
17'10" 
13'  4" 


20'10" 

19'  5" 

21'  9" 

20'  3" 

23'  4" 

21'  9" 

24'  1" 

22'  6" 

25'  7" 

23'10" 

■      •      V     -      • 

18'  4" 

17'  6" 

18'  3" 
19'  1" 
20'  5" 
21'  2" 
22'  5" 
16'10" 


22'  0" 
22'11" 
24'  7" 
25'  4" 
26'11" 
20'  3" 


SLOW-BURNING  TIMBER  MILL  CONSTRUCTION* 

By  F.  W.  Dean 


Slow-burning  mill  construction*  is  the  name  applied  to  a  long-used  type  of  fire-resisting 
timber  building  common  in  New  England,  especially  in  textile  mills.  As  now  designed  by  the 
best  mill  engineers,  it  consbts  of  brick  walls,  with  heavy  transverse  wood  beams,  on  top  of  which, 
for  floors,  are  spiked  thick  planks  at  right  angles  to  the  beams,  and  these  planks  are  covered  with 
a  top  floor  at  right  angles  to  the  planks.    The  planks  are  grooved  on  both  edges  and  so-called 

*fVom  Southern  Pine  Manual. 

» Use  for  2H  X  6.  3  X  6,  and  6X6  pieces,  for  2  X  6  and  4' X  6  use  table  for  mill  floors  (Table  2). 

*  Appeared  in  Engineering  Newa-Reeord,  Vol.  79,  No.  26,  Dec.  27,  1917. 

'  See  also  the  preceding  chapter  by  Henry  D.  Dewell. 
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wood  splines  are  tightly  driven  into  the  grooves  of  tuljoinii^  pl&nkg  8o  that  one  plank  will  assist 
in  the  support  of  the  next,  thus  stiffenii^  the  floor  for  isolated  loads  and  preventing  one  plank 
from  moving  vertically  relatively  to  the  next  (Pig.  86).  The  spaces  between  the  beams  or  the 
"bays"  should  not  be  so  wide  as  to  require  beams  at  right  angles  to  the  main  beams,  or  any 
subdivision  of  the  bays.  A  maximum  bay  width  of  10  ft.,  except  to  accomplish  a  special  ob- 
ject, is  advisable.  Wherever  any  metal  is  used  it  should  always  be  deeply  buried  within  the 
wood  BO  that  file  cannot  reach  it  at  first. 


BBt  practi- 

eablo    nuinb«r  of  besvy  unootb 

bauns  covered  .riai  b« 

vyemooth 

with*  top 

Uon.  tba  maU  amoun 

olaurfe™ 

nuike  thii  type  o[  coiwt 

reaiMinc,  and  merit  the 

nameoIteD 

■ppUed  to  it.  of  being  ' 

alow-burn- 

in»"  Compared  with  li 

„,theflqor 

DBietins  of 

pluki  on  edge  for  bei 

une  and  a 

foot    or    two  uparl   ar 

wood.    Mill  coMtrurtio 

n  alH>  con- 

trmplatea  the    entire 

baeoce  of 

the  u»  0/ 

readily   be 

re«hed  by  the  apray 

from   the 

•prinklera.     It  Till  readily  be  aeeo 

at  mill  conatruolion  can 

be  reached 

by.tew>prink1er>,  wh 

e  with  the 

Rntle  at  Columti  &  Floor  Connection 


The  beania  of  mill  oonetnic- 
in  ftfford  opportunity  ft 


jortunity  for  »up-  ^^"^ 

i,„„™.  ..d  tt.  n  1 


abaft  haoieri  aad  tl 

and  belta.     If  ahorl  ^_         ^ 

are  to  be  pat  up,  the  wide  Sat  sur-  Ylev'o^n  Bose  Of  Column 

facee  between  th>  bcanu  aSonl  an 

opporluniiy  for  attaching  them.  J'""-  SB. — Some  special  detwis  uaed  id  framing  mill  constmction, 

69.  Pintles  Over  Columns  are  Fundamental  to  Type. — The  method  of  fastening  the  beams 
to  each  other  where  they  butt  together,  and  to  the  walls,  ia  of  great  importance  in  securing 
rigidity.  This  must  be  considered  in  connection  with  the  columns,  and  it  is  with  respect  to 
these  and  connecting  the  beams  together  that  architects  unveraed  in  this  type  invariably 
fail.  It  is  well  understood  that  columns  should  rest  end  to  end  upon  each  other  from  top  to 
bottom  of  buildings,  but  the  columns  themselves  should  not  pass  through  the  floors  and  be- 
tween the  ends  of  the  beams,  aa  ia  often  done.  Proceeding  upward  they  should  stop  at  the 
bottoms  of  the  beams,  and  begin  again  at  the  tops.  Between  the  top  of  one  column  and  the 
bottom  of  the  one  above  it  there  should  be  a  short  separate  cast-iron  column  known  as  a 
"pintle"  (Fig.  86).  Being  of  eaat  iron,  which  is  a  material  offereat  compressive  reaiatance,  it 
may  be  very  small  in  diameter,  and  requires  only  a  small  hole  through  the  beam  to  accom- 
modate it,  half  of  the  hole  being  in  the  end  of  one  beam  and  half  in  the  other.  The  lower  end 
of  the  pintle  rests  on  the  cap  of  the  lower  column  and  the  top  of  the  pintle  receives  the 
lower  end  of  the  column  above. 
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Fia.  87. — Pintle  design  for  steel  beams. 


There  are  several  advantages  in  this  construction.  In  consequence  of  it,  the  beams 
actually  butt  against  each  other,  and  having  only  a  small  hole  through  them  (not  much  over 
4  in.  in  diameter),  the  ends  of  the  beams  are  actually  over  the  body  of  the  column  and  are  not 
supported  by  the  overhanging  ends  of  the  column  cap.  If  a  cap  end  is  burnt  off  or  breaks  off 
the  beam  is  held  as  securely  as  ever.  It  is  a  common  thing  for  architects  to  carry  the  lower 
end  of  a  column  to  the  top  of  the  one  below,  and  sometimes  both  columns  are  of  the  same  sise. 
The  result  is  that  the  beams  are  supported  by  the  overhanging  ends  of  the  column  cape.  This 
is  dangerous  construction,  in  respect  to  both  strength  and  fire  resistance.  The  end  may  break 
if  of  cast  iron,  bend  if  of  steel,  become  soft  in  a  fire  and  cause  the  floor  to  fall.  In  this  construe-* 
tion  most  of  the  cap,  and  the  whole  of  the  part  which  supports  the  beam  are  exposed  to  the  fire. 

The  pintle  construction,  as  before  stated,  permits  the  beams  to  butt  against  each  other  and  thus  become  per- 
fect struts  to  transmit  pressure  from  one  side  of  the  building  to  the  other,  and  it  also  gives  room  to  put  two  iron 

dogs,  or  ties  in  the  tope  of  the  beams,  one  on  each  side  of 
the  pintle,  to  tie  the  beams  together.  Thus  the  beams  be- 
come not  only  struts  but  rigid  and  continuous  ties  to  keep 
the  sides  of  the  building  in  their  proper  relative  positions. 
At  the  same  time  the  pintles  and  dogs  fulfill  the  necessary 
conditions  before  mentioned  of  being  surrounded  by  heavy 
wood,  for  the  pintles  are  within  the  beams  and  the  dogs  are 
embedded  in  grooves  in  the  tope  of  the  beams  and  covered 
by  floor  planks.  Moreover,  the  dogs  cannot  work  out  be- 
cause they  are  beneath  the  planks  (Fig.  86). 

Where  the  pintles  enlarge  at  the  top  to  take  the  upper 
column  only,  the  top  edges  should  be  exposed  to  fire  and  can 
scarcely  be  injured.  It  should  not  be  overlooked  that  when 
the  beams  and  planks  shrink  the  pintle  tope  become  more 
exposed  than  at  first,  and  allowance  should  be  made  for  this. 
It  should  be  observed  also  that  the  enlarged  hole  for  the  top 
of  the  pintle  is  in  the  plank  and  not  in  the  beam  (Fig.  86). 
Still  another  advantage  of  pintle  construction  is  that  if  a  floor  falls  and  a  column  below  is  knocked  over  by 
the  falling  floor  or  a  heavy  piece  of  machinery,  it  simply  tips  over  on  top  of  the  pintle.  A  column  which  goes  down 
between  the  b^ams  if  knocked  over  would  pry  the  beams  apart,  punch  a  hole  through  the  wall,  possibly  push  it 
over,  and  cause  the  beam  to  drop  off  the  column  and  fall.  Thus  the  building  might  be  wrecked  on  account  of  the 
absence  of  pintle  construction. 

60.  Rigidity  of  Connection  is  Necessary. — The  beams  must  be  connected  to  the  wall  in 
such  a  way  that  the  walls  will  not  be  pushed  or  pulled  until  after  this  connection  is  made,  such 
effort  only  coming  from  wind  pressure  or  manufacturing  strain.  The  beam  ends  should  rest 
in  cast-iron  boxes  with  side  wings  firmly  built  into  the  walls  (Fig.  86).  The  beams  should  then 
be  made  to  butt  firmly  over  the  columns  and  be  drawn  together  by  driving  in  the  dogs  which 
for  this  purpose  have  their  ends  inclined  where  entering  the  wood.  When  this  is  done  one  or  two 
lag  screws  should  be  screwed  into  the  beams  through  holes  in  projecting  lips  of  the  beam  boxes, 
which  completes  the  connection  across  the  building.  After  this  is  done  the  lips  of  the  column 
caps  are  lag-screwed  to  the  beams  thus  making  the  columns  stable  and  preventing  the  beams 
from  pressing  against  the  pintles.  Thus  the  column  caps  as  well  as  the  dogs  hold  the  beams 
firmly  together.  No  attempt  should  be  made  to  have  the  pintle  fit  the  hole,  as  it  should  be 
free  to  maintain  its  position  as  the  beams  are  moved  slightly  when  the  dogs  are  driven.  In 
fact,  the  hole  for  the  pintle  should  be  at  least  >2  iii'  larger  in  diameter  than  the  pintle  (Fig.  86). 

Beams  usually  end  over  columns,  but  if  they  do  not,  a  hole  is  bored  through  for  the  pintle, 
and  dogs  are  not  required. 

Floor  beams  when  double  should  have  no  space  between  them  as  was  formerly  provided  in 
order  to  permit  air  to  circulate  between,  as  these  spaces  hold  fire  tenaciously. 

There  is  a  very  pernicious  practice  of  supporting  intermediate  cross  beams  so  that  their  upper  surfaces  are 
level  with  those  of  the  beams  which  they  join.  This  is  effected  by  the  use  of  forged  stirrups  or  commercial  beam 
hangers.  When  a  fire  occurs  they  are  easily  softened,  and  give  way  if  they  support  any  material  weight,  which  they 
often  do.  Beams  should  never  be  supported  in  this  way  if  it  is  possible  to  avoid  such  construction,  and  if  they  are, 
heavy  cast-iron  beam-sockets  should  be  used  lag-screwed  to  the  beams  (Fig.  85).  The  commercial  beam-hanger  is 
a  great  menace  to  the  safety  of  buildings. 

Roofs  are  framed,  supported  and  planked  after  the  manner  of  floors,  using  dogs,  and  the  latter  should  be  driven 
before  the  brickwork  is  built  around  the  anchors  in  the  walls  (Fig.  85).     When  there  is  not  a  row  of  columns  in  the 
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center  of  the  room,  the  roof  beama  should  not  be  carried  on  the  slant  to  the  center  of  the  building  and  there  fastened 
together,  with  the  expectation  that  a  stable  roof  will  result.  Horisontal  beams  should  run  between  the  two  rows 
of  columns  next  to  the  center  and  the  roof  slant  given  by  wedge-ehaped  pieces  spiked  to  the  beams  (Fig.  85).  Roof 
beams  are  not  usually  secured  to  the  walls  by  means  of  beam-boxes,  but  they  might  be  advantageously  employed 
(Fig.  86),  especially  if  parapet  walls  are  used.  Wrought-iron  anchors  siuked  or  screwed  to  the  beams  are  generally 
(Fig.  86). 


61.  Special  Beam  Arrangements  Possible. — Sometimes  it  is  desired  to  have  columns 
omitted  in  every  other  bay,  and  the  beams  that  do  not  rest  on  columns  must  be  supported  by 
longitudinal  stringers  resting  on  top  of  the  columns  that  are  used.  Many  architects  in  this  case 
yield  to  the  temptation  to  use  the  beam-hangers  disapproved  of  above,  but  instead  of  this  the 
stringers  should  be  lower  than  the  transverse  beams  by  the  depth  of  the  latter,  and  the  inter- 
mediate transverse  beams  should  rest  on  top  of  them,  and  be  fastened  thereto  (Fig.  85).  Thus 
slow-burning  construction  is  fully  realized  in  this  detail.  The  stringers  are  separated  from  the 
floor  by  the  depth  of  the  transverse  beams,  and  the  space  thus  provided  is  very  convenient  for 
the  upper  strands  of  belting.  In  this  construction  vertical  shrinkage  of  the  beams  is  consider- 
able, and  the  pintles,  which  are  long  enough  to  go  through  both  longitudinal  and  transverse 
beams,  should  be  rather  short,  so  that  after  the  shrinkage  the  top  will  not  appear  materially 
above  the  floor. 

Floor  planks  are  usually  2H  to  5  in.  thick  and  in  widths  not  exceeding  10  in.  They  should  be  at  least  two  bays 
long,  but  there  must  be  enough  one-bay  lengths  to  cause  breaking  of  joints.  It  is  not  necessary  to  have  every  other 
idank  break  joints;  four  or  five  planks  of  the  same  length  can  be  laid  side  by  side  and  the  next  set  can  break  joints 
with  these.  Where  floor  planks  are  interrupted  by  pintles  they  should  be  fitted  under  the  pintle  to  some  extent, 
so  that  their  ends  will  rest  on  the  beams.  This  with  the  splines  and  top  floors  will  support  them.  Otherwise  they 
should  rest  on  a  stick  secured  to  the  adjoining  planks  by  lag  screws. 

62.  Location  of  Beams. — It  is  inadvisable  to  have  beams  at  right  angles  to  the  main  trans- 
verse beams  in  a  factory — ^that  is,  parallel  to  the  sides  of  the  miU.  One  objection  to  this  is,  that 
if  they  are  not  at  or  near  the  center  of  the  building  they  cut  off  the  top  light.  Some  architects 
wrongly  place  such  beams  against  the  sides  of  the  building  above  the  windows,  and  thereby 
prevent  the  tops  of  the  windows  from  being  as  high  as  they  might  be,  and  close  to  the  under- 
side of  the  floor.  These  beams  are  hung  to  the  transverse  beams  by  means  of  the  objectionable 
hangers  already  commented  upon,  and  even  intermediate  transverse  beams  are  sometimes  hung 
to  them.  If  the  ba3rs  are  not  too  wide  intermediate  beams  are  unnecessary,  but  architects 
often  make  the  bays  so  wide  that  they  are  compelled  to  use  intermediate  beams,  and  this  causes 
them  to  run  the  planks  the  wrong  way. 

The  tops  of  the  windows  can  be  brought  to  the  underside  of  the  floor  by  building  the  arch  in  the  next  story 
above.  The  opening  which  would  thus  be  made  above  the  upper  floor  is  dosed  by  not  carrying  the  arch  clear 
through  the  wall.  One  course  of  brick  carried  down  to  the  springing  of  the  arch  is  suflicient  to  dose  the  opening, 
and  this  is  supported  by  an  angle  iron  spanning  the  window  opening  (Fig.  85).  If  a  straight  arch  is  used  this 
is  supported  by  an^es  or  other  forms  of  structural  material. 

Hie  beams  are  usually  made  of  long-leaf  Southern  pine,  which  formerly  came  chiefly  from  Georgia,  but  the 
name  "Georgia  pine"  is  now  chiefly  a  name,  as  such  pine  comes  from  any  state  south  of  North  Carolina,  and  even 
from  Cuba.  Beams  should  be  chamfered  on  the  lower  edges  between  bearings  for  the  sake  of  appearance,  and,  some 
persons  have  stated,  to  do  away  with  comers  which  readily  ignite. 

63.  Floor  Details. — Floor  planks  are  made  of  spruce  or  pine,  planed  on  three  sides,  grooved 
for  splines,  and  for  appearance  slightly  bevelled  or  beaded  on  the  bottom  edges.  The  sphnes 
are  made  of  clear  yellow  pine  and  are  always  ^  X  IM  h^-  and,  as  already  stated,  should  fit  tight 
enough  to  require  driving  in.  The  planks  should  end  on  the  centers  of  the  beams,  and  be  nailed 
to  each  beam  with  two  nails  of  such  lengths  that  two  or  three  inches  should  penetrate  the  beams. 

On  each  side  of  a  room  a  plank  should  be  left  out  until  the  building  is  well  dried,  as  the 
planks  sometimes  swell  enough  to  push  out  the  walls. 

On  the  planks  there  should  be  one  or  two  layers  of  tarred  paper,  or,  better,  a  paper  covered 
with  an  elastic  material  which  will  fit  around  the  nails  securing  the  top  floor,  in  order  to  make 
the  floor  waterproof.  Such  a  lining  is  intended  to  continue  to  be  tight  around  nails  after  the 
floors  shrink. 
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In  Canada,  and  to  some  extent  in  this  country,  it  is*  the  practice  to  use  for  floors,  planks  on  edge  nailed  to- 
gether horisontally.  It  is  not  customary  to  end  these  planks  over  the  beams,  but  anywhere.  This  weakens  the 
floor  seriously  and  should  not  be  permitted.  Sometime,  if  such  floors  are  very  thick,  they  are  not  fastened  to 
the  beams. 

Top  floors  are  usually  of  square-edged  maple  of  H-iO'  nominal  thickness,  but  sometimes  thicker.  The  boards 
are  commonly  o  in.  wide  and  should  not  be  less  than  6  ft.  long.  They  should  be  Idln  dried,  wedged  together  when 
laid,  nailed  with  two  nails  16  in.  apart  on  diagonal  lines,  with  two  nails  at  the  end  of  each  board  independent  of  the 
diagonal  nailing.  Sometimes  top  floors  are  laid  diagonally,  but  little  or  nothing  is  gained  by  this  and  the  cost  is  a 
little  more.     All  nails  should  be  set  and  the  floor  planed  if  it  is  not  smooth  enough  without  it. 

Steel  beams  are  used  somewhat  in  mill  construction  buildings,  but  are  not  liked  by  the  insurance  companies 
as  well  as  wood.  They  tolerate  them,  however,  trusting  to  sprinklers  to  keep  them  cool  in  ease  of  fire,  and  con- 
sider that  a  fire  will  be  confined  to  one  story.  Their  advantages  are  that  piers  are  not  cut  away  by  their  use  as 
in  the  case  of  wood  and  can  therefore  be  narrower,  thus  increasing  the  window  width,  and  columns  can  be  farther 
apart.  The  beams  should  be  laid  on  the  walls  as  the  work  proceeds,  with  one  brick  course  fitted  around  them  in 
the  face  of  the  wall,  and  the  pocket  thus  formed  filled  with  cement  grout.  The  brickwork  can  then  proceed  and 
the  wall  is  not  reduced  in  cross  section  where  the  beam  enters.  If  steel  beams  are  used,  pintles  should  not  be 
omitted. 

64.  Anchoring  of  Steel  Beams. — The  anchoring  of  steel  beams  in  walls  is  not  quite  so  de- 
sirably accomplished  as  with  wood.  The  common  way  is  to  have  a  couple  of  short  pieces  of 
steel  angle  riveted  vertically  to  the  web  near  the  end  of  the  beam  to  anchor  it,  and  build  the 
beam  in  as  described  above.  The  beam  can  be  drawn  up  to  the  pintle  before  this  is  done.  If 
the  beam  falls  in  a  fire  it  will  pry  out  some  of  the  brickworic.  A  beam-box  dould  be  used,  as  in 
the  case  of  wood  beams,  and  bolted  to  the  lower  flange  of  the  beam  before  the  box  is  built  into 
the  brickwork.    The  beam  and  box  could  then  be  slid  as  the  beam  is  drawn  up  to  the  pintle. 

Square  or  rectangular  pintles  look  better  with  steel  beams  than  round  ones,  as  the  beam  ends  fit  against  them 
better  (Fig.  87).  Sometimes  the  lower  flange  is  bolted  to  a  bracket  oast  on  the  bottom  of  the  pintle  and  sometimes 
the  web  is  bolted  to  an  appropriate  projection  on  the  pintle.  The  best  way  is  to  rivet  angles  to  the  web,  and 
bolt  the  beams  together  by  means  of  bolts  passing  through  oblong  holes  cast  in  the  pintle,  as  in  Fig.  87.  Care 
miut  be  taken  to  have  the  beam  rest  over  the  top  of  the  column  and  avoid  transverse  stress  in  the  pintle  bracketa. 

66.  Roofs. — The  remarks  on  floors  will  apply  to  roofs,  except  that  spruce  sometimes  warps 
and  turns  up  its  edges  so  that  it  may  injure  the  roof  paper.  The  standard  slope  of  mill  roofs 
is  M  ui<  per  foot. 

Concerning  roof  coverings,  there  are  many  different  makes,  any  of  which  will  be  furnished 
with  a  guaranty  of  five  or  ten  years.  Tar  and  gravel  are  very  satisfactory  and  should  be  five 
or  six  plies  thick.  Thick  roof  coverings  of  this  kind  are  important  in  some  places  on  account 
of  their  insulating  qualities  which  assist  in  preventing  condensation  of  humid  atmosphere  on 
the  underside  in  cold  weather. 

The  undersides  of  roofs  and  floors  are  sometimes  painted  white,  but  the  cracks  between  the  idanks  make  them 
look  bad,  although  the  lighting  effect  is  good.  Likewise,  brick  walls  can  be  painted,  but  the  natural  brick  looks 
better.     Brick  looks  best  when  washed  down  with  add  and  oiled. 

66.  Columns  and  Walls. — Columns  are  usually  made  of  long-leaf  Southern  pine  and  should 
be  carefully  selected  for  straightness  of  grain  and  freedom  from  defects.  It  is  very  important 
that  the  ends  should  be  square  with  the  axis,  and  when  the  columns  are  round  this  is  easily 
accomplished  in  the  lathe.  Wood  columns  are  often  made  as  small  as  6  in.  square,  but  they  are 
very  apt  to  spring  and  in  hot  factories  this  is  true  of  columns  of  any  size.  Practically,  it  is 
better  to  have  8  in.  the  minimum  size.  Pipe  columns  filled  with  concrete  are  used,  but  the 
mutual  insurance  companies  consider  wood  columns  a  better  fire  risk,  and  where  the  pipe  con- 
crete colmnns  are  used  they  prefer  to  have  a  reinforcement  placed  inside,  this  being  strong 
enough  to  support  the  load  (Fig.  87).  The  stock  companies  do  not  require  this.  This  type  of 
column  without  interior  reinforcement  went  through  the  Salem  fire  successfully.  Even  wiUi 
these  columns,  or  those  of  cast  iron,  pintles  should  be  used.  Both  ends  of  pintles  should  be 
faced  off  square  and  likewise  the  surfaces  with  which  they  come  in  contact,  and  pintles  for  square 
columns  should  have  a  circular  face  on  which  the  column  rests  so  that  it  can  be  faced  in  a  lathe 
or  boring  mill  (Fig.  86). 

Wood  coltunns  were  formerly  bored  and  ventilating  holes  made  at  top  and  bottom.  The  benefit  of  this 
cannot  be  identified  and  the  practice  has  been  generally  abandoned. 
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The  upper  and  lower  ends  of  wood  oolumiiB  should  be  treated  with  a  preservative,  especially  the  lower  ends, 
as  they  are  frequently  wet  from  washing  the  floors. 

In  building  suoh  a  factory  some  designers  have  slanted  the  piers  between  windows  inward  on  the  outside  of 
the  building.  Thia  is  expensive  and  useless*  and  it  should  be  kept  in  mind  that  the  center  of  pressure  coming 
from  the  weights  should  be  as  near  the  center  of  the  foundation  as  possible.  By  stepping  the  walls  back  4  in.  or 
more  at  each  floor  on  the  inside  of  the  building,  or  at  every  other  floor,  this  is  partly  accomplished  and  the  outside 
of  the  pier  can  be  kept  vertical  (Fig.  85).  If  the  pier  is  inclined  or  made  like  a  stepped  buttress  on  the  outside, 
the  result  is  that  the  foundation  will  be  eccentrically  loaded.  These  inclined  or  buttressed  pieces  accomplish 
nothing  desirable. 

67.  Basement  Floors. — If  a  wood  floor  is  desired  in  the  basement  the  best  way  is  to  make 
a  tar  concrete  and  wood  floor,  as  follows:  The  earth  should  be  filled-in  layers  6  in.  thick  and 
rammed  level.  On  top  of  this  there  is  to  be  a  layer  3  in.  thick  of  hot  tar  concrete  laid  and  rolled 
firmly  and  level,  the  upper  ^i  in.  being  of  fine  material  laid  hot  and  well  rolled  to  prevent  mois- 
ture from  coming  through.  On  this  there  is  to  be  a  layer  of  unplaned  square-edged  plank  2H 
to  4  in.  thick,  laid  close.  The  plank  should  be  kyanized  or  treated  with  other  preservative  to 
prevent  decay.  A  top  floor  is  then  laid  at  right  angles  to  the  plank  and  well  nailed.  The  plank 
need  not  be  splined,  because  there  is  no  chance  for  vertical  movement. 

• 

It  is  not  well  to  use  sleepers,  as  it  is  difficult  to  surround  them  properly  with  tar  concrete  and  difficult  to 
get  them  level,  and  they  accomplish  nothing.  A  floor  as  above  described  is  a  heavy  solid  mass  and  is  bound 
together  by  the  top  floor.  Experience  shows  that  it  is  satisfactory  without  being  fastened  to  anything  and  is 
suitable  for  holding  any  machinery  that  does  not  require  foundations.    It  is  good  where  wet  processes  are  carried  on. 


FLOOR  AND  ROOF  FRAMINO— STEEL 

By  H.  J.  BuKT 

68.  Floor  Construction  and  Fireproofing. — Steel  floor  framing  may  be  used  with  almost  any 
form  of  floor  construction.  The  design  of  the  steel  work  is  governed  thereby.  Hence,  the 
details  of  the  floor  construction  including  fireproofing,  if  any,  must  be  determined  as  a  prelimi- 
nary to  the  design  of  the  steel. 

68a.  Wood  Floors. — It  is  not  usually  desirable  to  use  steel  with  wood  floor  con- 
struction, but  occasionally  conditions  warrant  it.     The  following  combinations  may  occur: 

(a)  Ordinary  wood  joist  construction  with  steel  girders,  the  joists  being  closely  spaced  for  supporting  a  plastered 
ceiling;  and  for  supporting  a  sub-floor  and  finished  floor  of  H'U^*  boards.  There  may  be  a  layer  of  concrete  or 
dnders  between  the  sub-floor  and  the  finish  floor. 

(6)  Mill  construction  having  wood  joists  and  steel  girders,  the  joists  being  spaced  4  to  6  ft.  apart. 

(e)  Mill  construction  having  steel  joists  and  steel  girders,  the  joists  being  spaced  4  ft.  or  more  apart. 


Fig.  88. — Detail  of  framing  of  wood  jobts  to 
steel  girders. 


Fio.  89. — Bracket  on  web  of  steel  girder  to 
support  wood  joist. 


Although  in  the  above  cases  fireproofing  is  seldom  used,  it  is,  nevertheless,  very  desirable. 
Tile  is  most  economical  for  this  purpose,  but  concrete  may  be  used.  To  provide  complete  pro- 
tection, it  must  be  put  on  before  the  wood  is  placed.  In  case  (a),  some  protection  for  the  lower 
flange  can  be  provided  by  covering  it  with  metal  lath  and  cement  plaster. 

In  case  fa),  the  simplest  detail  is  to  rest  the  joists  on  top  of  the  girders.  If  headroom  under  the  girders  is  a 
consideration,  the  joists  may  be  framed  to  the  sides  of  the  i^ders,  resting  on  wood  strips,  shelf  angles,  or  the  bottom 
flange  of  wide  flange  beams  (Fig.  88).     If  the  girder  is  fireproof ed,  stirrups  must  be  used. 

In  case  (6),  the  wood  joists  may  rest  on  top  of  the  girders,  or,  if  headroom  governs,  be  carried  in  stirrups.  If 
the  depth  of  girder  permits,  brackets  may  be  riveted  to  the  girder  web  (Fig.  8^. 


898  HANDBOOK  OF  BUILDING  CONSTRUCTION  (Sec.  «-68fc 

Id  eua  (c).  tbe  waod  floor  may  not  directly  on  tbF  sice)  iouta  wid  be  tiHteiwd  thereto  by  Brnall  niliooil  apilcea 
driven  ftum  below  ■□  u  to  cdci^  the  Sftoie  of  the  benm  (Iheee  nan  be  rskdily  driven  with  B  cempieued  ur  baa- 
mpr);  or  >  nailiac  atrip  may  be  boltfd  totlie  top  Bbdcs.  In  thii  eonalniGtion.  itia  not  prutioble  to  fireproof  the 
top  6«qfe  oE  thr  girder,  but  fairly  good  pi 
■fUr  the  floor  a  bid.     The  wood  w 

686.  Tile  Arch  Floors. — Tile  arch  floors  serve  to  furnish  the  sub-floor  construo- 
tioa  and  the  fireproofing  of  the  steel  joists  and  girders  (Fig.  90).  The  finish  floor  may  be  con- 
crete or  a  wood  flooring. 

A  practical  rule  for  the  relation  of  depth  to  span  is  that  the  epaa  in  feet  shall  not  be  more 
than  ^  the  depth  of  tile  in  inches, 
or  a.  ratio  of  9  to  1.  The  depth 
of  tile,  depth  of  joists,  and  spac- 
ing of  joists  (or  span  of  tile  arch) 
are  so  related  that  they  must  be 
considered  together,  taking  into 
account  the  following: 

For  a  given  spacing  of  girders, 
P.O.  90  -Section  of  flat  tile  sreh  floor.  **»*'"'  ">  P^^'  economy  of  Steei 

if  deep  joists  are  used  spaced  as 
far  apart  as  their  strength  will  permit.  It  is  desirable  to  space  joists  so  that  they  will  divide 
the  psjiet  equally,  having  joists  on  column  lines.  The  depth  of  joist  controls  the  total  thickness 
of  floor  construction,  and  the  greater  thia  thickness,  the  greater  is  the  dead  load  and  its  cost. 
The  arrangement  is  indicated  in  Fig.  90  which  shows  the  total  depth  to  be  6  or  7  in.  more  than 
the  depth  of  joist. 

Tile  arch  sets,  in  place,  weigh  approximately  as  given  below,  but  these  weights  will  vary  and 
must  be  checked  locally. 

Weifht  per 


iivided  Into  S,  3,  4,  or  S  tub-paneia,  h«TiD(  aidtlu 

Aaaume  a  live  Load  of  100  lb. 
la  ol  le  in.     Then  the  loula  may  be  computed  m 


Wood  flooring. . 


Steel  joii 
FlMter, 


Total  dead  load. . 


rolalload SlOib. 


ForalO-in.  beam,  tl 
a  16-in.  beam,  the  t 
the  toUl  224  lb.     I 


M  load*  the  iMun  Motiaii* 
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nquirad  and  their  eomparativc  nil 


i>  napeotiire  ■ub-pansl  •ridthi. 


Beam  •Htiona 
1B4d.  4e-lb.  I 
15-in.  3S-Ib.  I 
124n.  35-lb.  I  (acant 
13-ia.  37M-lb.  I 
lO-in.  40-lb.  I 

b«  of  float*  Dan  now  be  compiled  t 


floor  ia  ahnpflit.     Tbe  ficone  h«« 


Spacinc 

10  It.  0  in. 

,,...,.. 

5  It.  0  in. 

4  It.  0  In. 
12-in.  I 

4  ft.  0  in. 
lO-in.  I 

St«al  in  pla»  at  3< 

Tils  in  place  at  0.6< 

Eioen    COM    of    columns. 
■irden    and    fonndationa 
to  cany  aitra  wdibt  at 

4.0  lb. 
3M  in.' 

14  1b. 

13,  B< 

37.  S* 
07.0* 

02. S< 

«0.8< 

5.4  lb. 

22.0  lb. 



ie.2( 

27. 0< 

oe.o< 

04.4* 

7.01b. 

mm. 

34.0* 
07.0* 

e.ssib. 
3Mta.' 

ao.8* 

B4.0* 
07.0* 

10.0  lb. 

36.0  lb. 
3Mi=- 

30.0* 
21.8* 
07.0* 

67.2* 

52.0* 

fil.S* 

68.  fl* 

Thia 


indicsa 


..■p<>cin(withl2-ii 
anew  in  laror  of  the  5-ft.  apadnc  becaiiae  of  the  smaller 

II  thsTo  happens  to  be  oloae  competition  between  ' 
valla  ftnd  ooLumne  may  be  a  dstertoinins  factor. 

Wbei-B  the  hsi^t  of  buildinoa  ia  limited  by  law,  t 
aOeetinc  the  nomber  of  atones  for  the  bulldinf.    This  mar  iiBtil 
tfas  u»  of  ahallower  but  heavier  beam*. 

As  a  coDcluaion  of  the  foreaoing  analyns,  it  ii  determined  thi 


lists  (o  be  ohtapeet.  but  a  eloaec  analyna  would  probably 
rober  of  [deees  of  ited  and  tile  to  be  handled. 
depth*  ol  beami,  the  effeot  of  the  ioonoied  heifht  of 


adopted  as  typical. 


To  prevent  joists  from  spreading  from  the  thrust  of  the  archea  during  construction  and  in 
outside  panels,  tie  rods  are  used  spaced  5  to  7  ft.  apart.     Tbe  details  are  shown  in  Fig.  91. 

If  one  end  of  an  arch  is  supported  by  a  girder  deeper  thas 
the  typical  joist,  a  shelf  angle  may  be  used,  or  the  skew-back  may 
be  blocked  up  from  the  bottom  flange  of  the  girder  (Fig.  92). 

The  typical  joist  having  been  settled  for  a  given  case,  the 
ceiling  line  is  thus  established  and  a  deeper  joist  cannot  be  used 
in  any  special  situation  without  projecting  below  the  ceiling  line. 


X- 


Fio.  93. — Support  of  ti 


If  a  afasUower  joist  is  used,  it  is  placed  flush  on  the  bottom  with  the  typical  joist.     Thia  is  illus- 
trated by  Fig.  93. 

68c.  Concrete  Floors. — When  a  concrete  floor  is  used  on  steel  framing,  the  con* 
ci«te  is  also  used  for  fiieproofing  the  steel.  Whether  or  not  the  concrete  provides  the  floor  finish 
is  not  pertinent  to  tbe  subject  under  discussion,  only  as  the  weight  may  be  aSecled.  Wood  or 
other  floor  finish  may  be  placed  on  top  of  the  slab.  If  flat  ceiling  finish  is  required,  some  form  of 
suspended  ceilii^  will  be  attached  to  or  suspended  from  the  bottom  flanges  of  the  joists. 
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The  oombinations  of  concrete  floor  and  steel  framing  most  frequently  occurring  are: 

(a)  Concrete  slab  resting  on  steel  Joists. 

(6)   Concrete  slab,  or  slab  with  concrete  joists  spanning  from  girder  to  girder. 

(e)   Concrete  slab  supported  by  girders  on  four  sides. 

The  fireproofing  of  the  steel  beams  is  accomplished  by  encasing  them  in  the  concrete, 
using  a  minimum  cover  of  2  in.  or  such  other  amount  as  specified  by  proper  authority.  No 
special  details  of  the  steel  beams  are  required  for  supporting  the  casing.  On  deep  plate  girders, 
however,  it  may  be  desired  to  save  weight  of  concrete  by  paneling  the  sides,  in  which  case  it 
may  be  desirable  to  punch  the  web  plate  for  anchors.  Some  form  of  steel  fabric  on  the  bot- 
tom flanges  and  vertical  wires 
on  the  sides  are  used  to  secure 
the  fireproofing  in  place  and  are 
provided  in  detailing  the  con- 
crete. 

The  thickness  of  concrete 
on  top  of  the  beams  should  be 
not  less  than  3  in.  and  more 
may  be  required  if  many  pipes 
are  to  be  embedded.  If  the 
slab  used  is  greater  than  the 
amount  determined  as  neces- 
sary over  the  tops  of  the  beams, 
the  bottom  of  the  slab  may  be 
below  the  top  of  the  beams.  The  tops  of  all  the  joists  and  girders  are  placed  at  one  level 
unless  some  special  condition  requires  otherwise  (compare  with  tile  arch  construction,  Fig.  93). 
In  case  (a),  if  the  thickness  of  slab  is  settled  as  previously  specified,  the  greatest  economy 
Ml  steel  will  be  effected  by  spacing  the  joists  as  far  apart  as  the  slab  will  span,  being  limited 
of  course,  by  equal  divisions  of  the  panel,  so  that  joists  will  occur  on  column  lines.  If  not  so 
established,  an  analysis  must  be  made  of  all  the  possible  spacings  to  determine  the  cheapest 
combination. 

As  an  illustration,  assume  a  panel  20  X  20  ft.  and  a  live  load  of  100  lb.  per  sq.  ft.  The  panel  may  be  divided 
into  2,  3,  4,  or  5  sub-panels,  having  widths  respectively  of  10  ft.  0  in.,  0  ft.  8  in.,  5  ft.  0  in.,  and  4  ft.  0  in.  The 
thickness  of  slabs  and  weight  of  reinforcing  required,  are: 


C9ilinjlim" 


Girder- 


Fio.  03. — Diagram  showing  the  relative  position  of  joists  and  girder 

in  tile  arch  floor. 


Span  of  slab 

10  ft.  0  in. 

6  ft.  8  in. 

h  ft.  0  in. 

4  ft.  0  in. 


Thickness 

Weight  of  reinforcement 

(inches) 

(lb.  per  sq.  ft.) 

6H 

1.65 

4 

1.10 

3 

0.85 

3 

0.85 

The  approximate  loads  per  square  foot  of  floor  can  now  be  computed  from  which  to  determine  the  beam 


Bises. 


Spacing 


10  ft.  0  in. 


6  ft.  8  in. 


5  ft.  0  in. 


4  ft.  0  in. 


8Ub 

Beam  casing 

Steel 

Ceiling 

Partitions 

Live  load 

Totals 


68 
20 

5 

8 
25 

126 
100 

226  lb. 


50 
24 

6 

8 
25 

113 
100 

213  lb. 


38 
25 

6 

8 
25 

102 
100 

202  1b. 


38 
32 

6 

8 
25 

109 
100 

209  1b. 
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From  theie  loadB,  the  beam  aeetioiw  required  and  their  comparative  weights  for  the  respective  sub-panel  widths  are: 

Spacing 

10  ft.  0  in. 


or 


6  ft.  8  in. 
5  ft.  0  in. 
4  ft.  0  in. 


or 


Beam  section 

Comparative  weights 

ab. 

per  sq.  ft.) 

18-in.  46-lb.  I 

4.6 

16-in.  60-lb.  I 

6.0 

16-in.  36-lb.  I 

6.4 

12-in.  3lH-lb.  I 

6.8 

12-in.  37H-lb.  I 

6.88 

10-in.  35-lb.  I 

8.76 

A  eomparative  estimate  <^  costs  can  now  be  compfled.     The  figures  here  used  are  for  illustration  only,  and  are  given 
in  cents  per  square  foot  of  floor: 


Spacing 


10  ft.  0  in.  (18  in.  1) 


10  ft.  0  in.(15-in.I) 


6  ft.  8  in. 


Steel  in  place  st  3.0^ 

Concrete  in  slab  and  beam  casing  at  30^ 

Reinforcing  in  place  at  3.0^ 

Forms  for  slab  at  0.0^ 

Forms  for  beams  at  0.0^ 

Excess  cost  of  columns,  girders,  and 
foundations  to  carry  excess  weight  at 
0.2i 

Totals 


4.6  lb. 

13.8^ 

0.60eu.  ft. 

18.0^ 

1.65  1b. 

5.0^ 

1.0    sq.ft. 

9.0^ 

0.40  sq.ft. 

3.6^ 

24  1b. 

4.8^ 

54.2^ 

6.0  1b. 
5.8   ou.  ft. 
1.65  1b. 
1.0   sq.ft. 
0.34  sq.ft. 


20  1b. 


18.0^ 

17.4^ 

5.0^ 

9.0^ 

3.1^ 

4.0^ 

56.5^ 

5.4    lb. 
0.50cu.  ft. 
1 .  10  lb. 
1.0  sq.ft. 
0.51  sq.ft. 


1  lb. 


16.2^ 

15.0^ 

3.3^ 

9.0^ 

4.6^ 


0.2^ 


48.3^ 


Spacing 


5  ft.  0  in. 


4    ft.  0  in.(12.in.I) 


4  ft.O  in.(lO-in.I) 


Steel  in  place  at  3.0^ 

Concrete  in  slab  and  beam  casing  at  30^ 

Reinforcing  in  place  at  3.0^ 

Forms  for  slab  at  9.0^ 

Forms  for  beams  at  9.0^ 

Elxcess  cost  of  columns,  girders,  and 
foundations  to  carry  excess  weight  at 
0.2^ 

Totals 


6.3    lb. 

18.9^ 

0.42cu.  ft. 

12.6^ 

0.851b. 

2.5^ 

1.0   sq.ft. 

9.0^ 

0.61  sq.ft. 

5.5^ 

0  1b. 

0.0^ 

48.5^ 

6.9    lb. 

20.7^ 

0.47cu.ft. 

14.  U 

0.85  1b. 

2.5^ 

1.0  sq.  ft. 

9.0^ 

0.77  sq.ft. 

7.0^ 

7  1b. 

1.4^ 

54.7^ 

8.8    Ih. 
0.42  cu.  ft. 
0.85  1b. 
1.0   sq.  ft. 
0.60  sq.ft. 


26.4^ 

12.6^ 

2.5^ 

9.0^ 

7.2^ 


0.0 


57.7^ 


3lab  and  jots^  oonstrucflon 


The  foregoing  computations  show  little  choice  between  the  5  ft. 
0-in.  spacing  with  a  12-in.  joist,  and  the  6  ft.  Sr-in.  spacing,  with  a 
15-in.  joist.  If  the  clear  height  of  story  is  fixed,  the  shallower  beam 
would  probably  be  selected  as  there  would  be  relative  saving  in 
columns,  walls,  and  partitions.  Comments  in  the  preceding  article, 
regarding  limits  of  building  heights,  also  apply  here. 

As  a  conclusion  of  the  foregoing  analysis,  it  is  determined  that 
12-in.  joists  will  be  adopted  as  typical. 


Concrvte  floor  and  -Hit  fillers 


JSS^SSI 


Concrel*  Floor  wiHi  thin  slob  and 
3pocin9  of  Joist&  mode  wtth  remo«obte 
rnvfcu  im  iiw 

Fig.  94. — Three  types  of  concrete  floor.  Fio.  95. — Sections  showing  relation  of  girders  to  concrete  floors. 

For  case  (b),  there  may  be  a  flat  slab  heavy  enough  to  span  from  girder  to  girder,  no  joists 
being  required; or  there  may  be  a  thin  concrete  slab  with  concrete  joists.  Fig.  94  shows  three 
typeB  of  floors  with  concrete  joists.     Fig.  95  shows  sections  through  the  girder. 
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The  top  of  the  girder  must  be  at  least  3  in.  below  the  top  of  the  slab.  No  special  details 
of  the  girder  are  required. 

In  buildings  several  stories  high  where  the  girders  are  steel  and  the  joists  concrete,  it  may 
be  necessary  to  provide  steel  members  on  column  lines  to  act  as  struts  for  bracing  the  columns. 
If  not  used,  temporary  bracing  must  be  provided  to  hold  the  columns  accurately  plumb  until 
the  concrete  is  in  place. 

Case  (c)  occurs  when  a  flat  slab  is  used,  reinforced  in  two  directions.  It  requires  no  special 
details  of  the  girder.     For  load  effect  on  girder,  see  Sect.  2,  Art.  39c. 

69.  Design  of  Joists. — The  method  of  determining  the  proper  spacing  of  joists  for  various 
kinds  of  floor  construction,  has  been  described  on  the  preceding  pages.  The  unit  loads  can  now 
be  accurately  computed.  The  area  supported  is,  of  course,  the  spacing  multiplied  by  the  length. 
The  loads  used  are  the  full  dead  and  live  loads. 

The  joist  is  designed  as  a  simple  beam,  no  account  being  taken  of  the  restraint  furnished  by 
the  end  connections.  The  joist  section  is  usually  designed  for  bending  resistance,  the  standard 
tables  being  used  for  this  purpose. 

For  long  spana  with  light  loads,  the  defleotion  needs  to  be  considered.  The  praotioal  limit  of  length  b  24  times 
the  depth,  if  the  beam  is  loaded  to  its  capacity.  For  short  spans  with  heavy  loads,  the  strength  of  the  standard 
end  connection  may  govern  the  depth  of  beam  or  a  special  connection  may  have  to  be  designed. 

Concentrated  loads  may  occur  on  joists  from  partitions,  around  stair  and  elevator  shafts,  etc.  The  result- 
ing bending  moments  and  shears  must  be  computed  for  such  cases  and  combined  with  the  bending  moments  and 
shears  from  the  uniformly  distributed  loads.  As  this  occurs  more  generally  with  girders,  it  is  discussed  further  in 
the  next  article. 

The  I-beam  is  the  proper  section  to  use  for  joists,  except  in  special  cases.  The  minimum  weight  section  of  a 
given  depth  is  most  economical,  and  should,  if  possible,  be  selected  as  the  typical  joist. 

Having  adopted  a  typical  joist,  there  will  be  found  cases  where  a  shallower  joist  can  be  used  and  ordinarily 
there  will  be  no  objection  to  its  use  (see  Fig.  93).  There  will  be  found  other  cases  where  the  typical  joist  is  not 
strong  enough.  Then,  if  it  is  not  permissible  to  have  it  project  below  the  ceiling  level,  a  heavier  joist  of  the  same 
depth  will  be  used.  If  the  heaviest  weight  I-beam  will  not  suffice,  a  special  section  can  be  built  up  of  two-chan- 
neb,  or  two  cbanneb  and  a  web-plate  (see  Fig.  03). 

70.  Design  of  Girders. — In  addition  to  the  loads  brought  to  it  by  the  joists,  the  girder 
carries  its  own  weight  and  its  flreproofing.  It  may  also  have  special  loads  from  partitions,  stairs, 
etc.  The  joist  loads  are  concentrated,  the  weight  of  the  girder  is  uniformly  distributed,  and  the 
special  loads  may  be  either  concentrated  or  distributed. 

The  total  load  on  the  girder  is  not  the  whole  panel  load,  as  some  joists  connect  directly  to 
the  columns,  but  the  effect  on  the  girder  resulting  from  the  joist  concentration  is  nearly  the 

I  ^^  same  as  if  the  whole  panel  load  were  applied  as  uniformly 

Y^  I  e"?        distributed.     This  latter  method  of  appljring  the  load  (a) 

I    I  I  ^  I  j[_       is  exact,  if  the  length  of  girder  is  from  center  to  center  of 

T*j         <t       odubfeianm      columns  and  the  number  of  sub-panels  is  even;   (6)  is 
^AMi-etm     »'*'ft»wi  wHtistwiDtaphnam  gxcessivc,  if  the  length  of  girder  is  substantially  less  than 
s^]retm  «^,^,,^  ^Yie  center  to  center  distance  of  columns,  or,  if  the  num- 

IT  P"  ber  of  sub-panels  is  odd. 

II  .In  making  the  final  design  of  a  i^der,  it  b  usually  worth  while 

11  to   make  accurate  calculations,  taking  advantage  of   the   actual 

— *  I—  lengtii  of  the  girder,  and  the  concentration  of  the  loads. 

Bm  Girder  A  Concrete  floor  spanning  from  girder  to  girder,  gives  a  am- 

jw*  Gtr^  formly  dbtributed  load  on  the  girder,  unless  concrete  jobts  are  used 

Pjq   0g Girder  sections.  ^^^  ^^^  spacing,  in  which  case  the  comments  relating  to  steel 

jobts  will  apply. 
If  a  slab  reinforced  in  two  directions  b  supported  on  foiir  sides,  the  panel  load  b  equally  divided  between  the 
Sprdera,  but  b  not  uniformly  dbtributed  along  the  girders  (see  Sect.  2,  Art.  39e). 

The  preferred  section  for  a  girder  b  a  single  I-beam  or  a  plate  girder.  A  double  I-beam,  a  double  plate  ^rder, 
or  a  box  girder,  b  used  when  the  allowable  depth  b  not  sufficient  for  a  single  beam  or  plate  girder  (see  Fig.  96). 

71.  Arrangement  of  Girders  and  Joists. — It  is  assumed  that  column  locations  and  conse- 
quently the  sizes  of  floor  panels  are  governed  by  other  considerations  than  the  floor  construction. 
With  the  panel  arrangement  fixed,  it  must  be  decided  in  which  direction  to  place  the  girders. 
There  are  a  number  of  considerations:  (1)  The  girders  can  best  be  enclosed  in  cornices  if  over 
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IMtrtitions,  as  along  corridors;  (2)  they  intercept  less  light  if  placed  at  right  angles  to  the  outside 
walls;  (3)  they  will  be  shallower  if  used  on  the  shorter  span;  and  (4)  economy  may  be  the  im- 
portant factor.    AU  of  these  considerations  must  be  weighed. 

The  following  is  taken  from  Burt's  ''Steel  Construction''  by  permission  of  the  American 
Technical  Society. 

Fie.  97  illiiBtratee  m  tjrpioa]  floor  panel  in  m  building.  It  is  desired  to  investigate  the  various  possible  ar- 
rangements of  framing  for  this  paneL  Assume  that  the  dead  load  on  the  joists  is  80  lb.  per  sq.  ft.  including  the 
weight  of  joists  (but  not  the  weight  of  the  girders  and  their  fireproofing) ;  and  that  the  live  load  is  100  lb.  per  sq.  ft. 
on  j<Msts,  and  85  lb.  per  sq.  ft.  on  girders. 

ScKtm*  (a). — Scheme  (a)  places  the  girders  on  the  longer  span  and  divides  the  panel  into  four  parts.  The 
joists  are  spaced  5  ft.  4H  in*  center  to  center 
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Fxo.  97. — Alternate  arrangements  of  steel  joist  and  girder  framing. 


Area  supported  by  one  joist  -  16  X  5^  *  86  sq.  ft. 


Dead  load  on  one  joist  -  86  X  80 
live  load  on  one  joist  •-  86  X  100 


68801b. 
86001b. 


Total  load     «    15,4801b. 

This  total  load,  15,480  lb.,  is  uniformly  distributed  on  a  span  of  16  ft.     The  toble  of  safe  loads  in  the  steel  handbook 
indicates  a  10-in.  25-lb.  I. 

The  girder  carries  the  reactions  of  the  joists  on  each  side  and  the  weight  of  itself  and  of  its  fireproofing  (assumed 
at  200  lb.  per  lin.  ft.).     On  the  theory  that  the  whole  floor  will  not  be  loaded  at  one  time,  the  live  load  on  the 
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sirder  u  taken  at  85  lb.  per  sq.  ft.     The  length  of  span  is  taken  at  20  ft.  6  in.  (allowance  being  made  for  the  width 
of  the  column).     Then  the  loads  on  the  girder  are  as  indicated  in  the  figure  and  the  bending  moments  are: 

(4100)  (20H) 
'8 


For  uniformly  distributed  load,  M  — 


10,5000  ft.-lb; 


^  ,     .    f  +  21,135  X  lOH  -  216.634 
For  concentrated  loads  I  _  14,190  x    &H  -     76.271 


140.363 


This 


FiQ.  98. 


Fia.  99. 


Total  bending  moment  -  150,863  ft.-lb. 

From  the  table  of  resisting  moments  in  the  steel  handbook,  a  20-in.  65-lb.  I  is  indicated. 

Scheme  (b). — Scheme  (b)  places  the  girders  on  the  longer  span  and  divides  the  panel  into  three  parts, 
requires  a  12-in.  3lH-lb.  I  for  the  joist  and  a  20-in.  65-lb.  I  for  the  girder. 

Similarly  the  other  schemes  can  be  designed  and  comparative  costs  estimated  as  in  the  previous  articles. 

Choice  of  Scheme. — A  number  of  considerations  will  affect  the  final  decision  as  to  the  scheme  to  be  adopted. 
The  character  of  the  floor  conbtruotion  will  limit  the  spacing  of  the  joists.  It  might  eliminate  schemes  (6),  (e),  (d), 
and  (/).  The  thickness  of  floor  construction  may  be  important,  in  whiph  case  scheme  (a)  would  be  preferred  as  to 
joists  and  scheme  (9)  as  to  girders.  The  thickness  of  floor  may  affect  its  cost  and  also  the  dead  load  to  be  carried 
by  joists,  girders,  and  columns,  making  the  thinner  floor  preferable  on  this  account.  A  flat  ceiling  may  be  re- 
quired over  the  entire  area,  in  which  case,  scheme  (g)  is  mpplicabia 

72.  Details  of  Connections.^ 

72a.     Connection  of  Beams  to  Beams. — When  one  beam  bears  on  top  of  another, 
the  only  connection  required  is  rivets  or  bolts  through  the  flange,  as  shown  in  Fig.  98.     No 

stress  is  transmitted  by  these  rivets  or  bolts.  They 
serve  simply  to  hold  the  beams  in  position.  Steel 
clips  are  sometimes  used  for  this  purpose  (Fig.  99), 
but  as  they  are  not  positive  in  holding  the  beams  in 
position,  they  are  not  as  good,  especially  when  lateral 
support  is  required.  When  this  is  not  important,  the 
clips  can  be  used  and  may  effect  a  saving  in  cost. 
These  clips  are  most  useful  for  attaching  tees  and 
angles  to  beams  in  ceiling  and  roof  construction. 
Angle  Connections. — The  most  common  method  of  connecting  one  beam  to  another  is  by 
means  of  angles  riveted  to  the  web.  There  are  several  sets  of  standard  connections,  various  con- 
cerns having  their  own  standards.  The  standard  connections  given  in  the  latest  edition  of  the 
Carnegie  Pocket  Companion,  are  recommended.  The  two-  angle  connection  is  generally  used, 
but  when  beams  are  used  in  pairs,  or  when  for  any  reason  the  two-angle  connection  cannot  be 
used,  the  one-angle  connection  is  employed.  The  rivets  used  in  the  standard  connections  are 
^  in.  in  diameter. 

The  strength  of  the  two-angle  connection  may  be  limited  by 

(1)  Shop  rivets  in  double  shear. 

(2)  Field  rivets  in  single  shear. 

(3)  Shop  rivets  in  bearing  in  web  of  joist. 

(4)  Field  rivets  in  bearing  in  web  of  girder. 

For  example,  take  the  connection  for  a  15-in.  42-lb.  I: 

(1)  6  shop  rivets  in  double  shear 
6  X  10,300  -  61,800  lb. 

(2)  8  field  rivets  in  single  shear 
8  X  4420  -  35,360  lb. 

(3)  6  shop  rivets  in  bearing  in  web  of  joist 
6  X  0.41  X  0.76  X  26.000  -  46,125  lb. 

(4)  8  field  rivets  in  web  of  girder. 

The  thickness  of  the  web  is  not  given.  It  must  be  at  least  0.30  in.  for  a  connection  on  one  side  only,  or  of  twice 
this  thickness  if  an  equal  connection  is  on  the  opposite  side,  in  order  to  have  the  same  strength  as  the  field  rivets  in 
shear.  The  shearing  strength  of  this  connection,  35,360  lb.,  corresponds  to  the  maximum  safe  uniformly  distrib- 
uted load  on  a  span  of  about  9  ft.  It  is  less  than  the  shearing  strength  of  the  web  of  the  beam.  It  rarely  happens 
that  the  strength  of  the  connection  is  less  than  required,  and  occurs  only  when  the  beam  is  short  and  heavily  loaded, 
or  when  a  heavy  load  is  applied  near  the  end.  Lack  of  bearing  in  the  web  of  the  girder  is  more  likely  to  occur,  but 
this  is  not  frequent.  If  it  does  happen,  however,  angles  with  6-in.  legs  may  be  used  to  provide  space  for  more  rivets, 
or  a  reinforcing  plate  may  be  riveted  to  the  web  of  the  girder  (Fig.  100). 

^  From  Burt's  "Steel  Construction"  by  permission  of  the  American  Technical  Society. 


Sec.  8-726] 


STRUCTURAL  DATA 


405 


Special  Connections. — When  beams  on  the  two  sides  of  a  girder  do  not  come  opposite  or 
are  of  different  sizes  so  that  the  standard  connections  do  not  match,  it  is  necessary  to  devise  a 
special  connection.  If  a  beam  b  flush  on  the  top  or  on  the  bottom  with  the  one  to  which  it 
connects,  the  flange  must  be  coped  (Fig.  101).  A  niunber  of  special  connections  are  shown  in 
Fig.  102  and  need  no  explanations. 


Fia.  loo. 


ie'-3ff*I 


^A 


/e'-3fi^i 


Fia.  101. 


^?^i 


Fig.  102. — Details  of  beam  connections. 

726.  Connections  of  Beams  to  Colunms. — ^A  beam  may  connect  to  a  column  be 
means  of  a  seat  or  by  means  of  angles  on  the  web.  The  great  variety  of  conditions  that  may  by 
encountered  make  it  impracticable  to  have  standards  for  these  connec- 
tions, though  the  work  of  each  shop  is  standardized  to  some  extent. 

Seal  Connections. — The  seat  connection  is  shown  in  Fig.  103. 
This  seat  or  bracket  is  made  up  of  a  shelf  angle,  one  or  two  stiffener 
angles,  and  a' filler  plate.  The  load  is  transmitted  by  the  rivets, 
acting  in  single  shear,  which  connect  the  bracket  to  the  column. 
The  number  of  rivets  used  is  proportioned  to  the  actual  load  instead 
of  being  standardized  for  the  size  of  the  beam.  The  stiffener  angles 
support  the  horizontal  leg  of  the  shelf  angle  and  carry  the  load  to  the 
lower  rivets  of  the  connection. 

Shelf  angles  are  6,  7,  or  8  in.  vertical,  and  4  or  6  in.  horisontal,  having  a  thick-      pj^    jq3 Seated  connec- 

nese  of  Ke  to  ^^  in.,  depending  on  the  sise  of  beam  and  the  load.     The  leg  of  the   tion  of  beam  to  column, 
stiffener  angle  parallel  to  the  web  of  the  beam  is  usually  H  or  1  in.  less  in  width 

than  the  horiiontal  leg  of  the  shelf.  The  leg  against  the  column  is  governed  by  the  gage  line  of  the  rivets  in  the 
column.  The  filler  is  the  same  thickness  as  the  shelf  angle.  An  angle  connecting  the  top  flange  of  the  beam  to 
the  column  is  generally  used.  It  is  not  counted  as  carrying  any  of  the  load,  but  serves  to  hold  the  top  of  the 
beam  in  position  and  stiffens  the  connection.  The  rivets  connecting  the  bottom  flange  of  the  beam  to  the  shelf 
serve  only  to  hold  the  members  together  and  make  a  stiff  connection.     Usually  there  are  only  two  rivets  in  each 
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Web  ConnectioTu. — The  web  connection  is  m&de  by  means  of  two  angles  {Fig,  105).  The 
legs  parallel  to  the  beam,  rivet  to  the  web,  and  the  outstanding  legs  to  the  columns.  The  con- 
nection to  the  web  of  the  beam  is  governed  by  the  same  conditions  as  the  standard  beam  con- 
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Fio.  106. — Web  cDnDeotiDD  oF  beam  to  eolumn. 


Pio.  10*. — Typee  ol 

nection.  The  length  of  the  outstanding  leg  is  governed  by  the  gage  lines  of  the  rivets  in  the 
column  or  the  space  available  for  them.  Usually  the  angles  are  shop  riveted  to  the  beam  and 
field  riveted  to  the  column.  If  the  anglea  were  shop  riveted  to  the  column,  it  would  be  difficult 
or  impossible  to  erect  the  beam.  However,  one  angle  may  be  shop  riveted  to  the  column  and 
the  other  furnished  loose.  In  this  case,  the  number  of  field  rivets  generally  will  be  the  same  as 
if  the  angles  were  shop  riveted  to  the  beam,  but  the  shop  rivetii^  on  the  beam  will  be  eliminated, 
which  is  an  advantage.  When  this  connection  ia  used,  a  small  seat  angle  is  provided  for  con- 
□  erecting. 
The  iu]vitDta«e  ol  the  web  coDnecCion  ii  the  compietDau  of  the  parts,  keepinc 
3  ipecial  architectural  treatment  to  fireproof  it  or  eoaoeal  it  (Fig.  100). 

72c.  Separators. — When  beams  are  used  in  pairs  or 
groups,  some  connection  is  usually  made  between  them  at  short 
intervals.  The  connecting  piece  is  called  a  aepareUor.  If  the  purpose 
to  be  served  is  merely  to  tie  the  beams  together  and  keep  them  properly  spaced,  the  gas-pipe 
separator  is  used  (Fig.  107).  This  consists  of  a  piece  of  gas  pipe  with  a  bolt  running  through 
it.  This  form  is  used  in  lintels  and  in  grillage  beams.  For  beams  6  in.  or  less  in  depth,  one 
separator  and  bolt  may  be  used ;  for  greater  depth,  two  should  be  used. 
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The  separator  most  commonly  uied  is  made  of  cast  iron  (Fig.  108).  It  not  only  serves  as  a  spaoer  but  it  sti£F- 
ens  the  webs  of  Uie  beams  and,  to  a  limited  extent,  transmits  the  load  from  one  beam  to  the  other  in  case  one  is 
loaded  more  heavily.  It  seldom  fits  exactly  to  the  beam,  so  it  cannot  be  relied  upon  to  transmit  much  load.  One 
boh  is  used  for  beams  lees  than  12  in.  deep  and  two  bolts  for  12-in.  and  deeper  beams.  The  dimensions  and  weights 
of  separators  and  the  bolts  for  them  are  given  in  the  steel  handbooks.  Tliey  can  be  made  for  any  spacing  of  beams 
and  special  shapes  can  be  made  for  beams  of  different  siaes  (Fig.  109). 

The  individual  beams  of  a  pair  or  group  should  be  designed  for  the  actual  loads  which  they  carry,  if  it  is  prac- 
ticable to  do  so.  If  it  is  neceraary  to  transfer  some  load  from  one  to  the  other,  a  steel  separator  or  diaphragm  should 
be  used.    Tliis  may  be  made  of  a  plate  and  four  angles,  or  jof  a  short  piece  of  I-beam  or  channel  (Fig.  110).    If 


Fio.  108. 


Fxo.  109. 


Fxo.  110. 


the  beams  are  set  dose  together,  the  holes  must  be  reamed  and  turned  bolts  must  be  used  in  order  to  get  an  efficient 
connection.  If  the  beams  are  set  with  4-in.  or  more  clearance  between  the  flanges,  the  separator  can  be  riveted  to 
the  beams. 

Specifications  usually  require  that  separators  be  spaced  not  further  than  5  ft.  apart.     They  should  be  placed 
at  points  of  concentrated  loads  and  over  bearings. 

78.  Special  Framing. — The  typical  arrangement  of  joists  and  girders  must  be  modified  to 
meet  special  requirements. 

78a.  Stair  Wells. — The  exact  dimensions  and  location  of  the  stair-well  opening 
must  be  determined  from  the  architectural  plan.  Fig.  Ill  illustrates  a  case.  It  shows  a  well 
for  a  double-run  stairway.    It  is  placed  against  an  outside  wall  as  indicated. 
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Fia.  111. — Framing  around  stairwell,  chimney,  and  pipe  shaft. 


Beam  (1)  is  placed  off  center  of  the  column  on  this  account.  In  addition  to  the  wall  load  it  gets  a  load  from 
beam  (4)  and  from  the  intermediate  stair  landing  (not  shown). 

Beam  (4)  carries  a  small  area  of  floor  and  also  the  weight  of  the  stairs,  both  up  and  down.  It  must  be  so  de- 
signed and  so  placed  as  to  provide  convenient  connections  for  the  stair  stringers  if  steel  stringers  are  used. 

Beam  (5)  carries  the  reactions  from  beams  (4)  and  (6).  It  may  also  carry  an  enclosing  partition  and  a  part  of 
th«  intermediate  stair  landing. 

Beam  (3)  carries  the  reactions  from  beam  (6)  in  addition  to  floor  load,  and  it  may  also  carry  an  enclosing 
partition. 
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786.  Elevator  Wells. — Fig.  112  shows  a  bank  of  three  elevators  with  provision 
for  a  fourth.  In  this  instance  they  are  placed  against  the  outside  wall.  The  width  of  elevator 
has  been  adjusted  to  suit  the  column  spacing.  The  locations  of  nearby  partitions  and  proposed 
ceiling  treatment  will  influence  the  arrangement  of  the  framing. 

^  tSfi  ^^  loads  come  from  the  ele- 

^-jfi  \D  £-36  ^     vators  at  the  floor  levels,  the  entire 

weight  being  carried  by  the  over- 
head framing.  There  will  be  loads 
from  the  elevator  enclosure. 

Beama  (35)  provide  lateral  support 
for  the  elevator  guides  and  carry  dividing 
partitions,  if  any. 

In  this  case,  column  36  is  omitted  to 
give  a  clear  lobby.  This  requires  a  heavy 
girder  between  columns  35  and  37.  To 
save  headroom  below,  a  double  girder  is 
used  consisting  of  beams  (37)  and  (38). 
Two  steel  beams  will  be  used.  As  they 
are  not  equally  loaded,  they  must  be 
designed  separately;  however,  both  beams 
may  be  the  same  siae  if  provided  with 
steel  separators  as  indicated.  In  any 
event,  such  separators  should  be  used  so 
as  to  avoid  unequal  deflection  in  the 
beams. 
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Fio.  112. — Framing  aroimd  elevator  openings. 
All  other  beams  are  easily  designed  to  meet  the  conditions  indicated. 


78c.  Pipe  Shafts,  Etc. — Fig.  Ill  shows  a  pipe  shaft  and  chimney  space.  Both 
are  enclosed  in  fireproof  walls  which  must  be  supported  by  the  floor  framing.  Pipes  or  cables 
in  the  shaft  may  impose  loads  on  certain  floors.  Such  loads  must  be  provided  for  where  they 
occur.  The  chimney  does  not  impose  any  load  on  the  typical  floor  framing.  As  the  chimney 
changes  length  with  variations  of  temperature,  it  must  be  supported  at  one  level  only.  Special 
framing  may  be  provided  for  this  support  at  the  first  or  basement  floor. 

Innumerable  variations  of  the  foregoing  special  situations  will  occur  in  floor  framing.  Each  must  be  treated 
as  a  separate  problem.  The  important  thing  is  to  ascertain  all  the  limiting  conditions.  When  this  it  done,  the 
designing  is  generally  a  simple  operation. 

74.  Framing  for  Flat  Roofs. — The  problems  involved  in  designing  the  steel  framing  for 
flat  roofs  are  essentially  the  same  as  for  floors.  But  there  are  some  additional  conditions. 
Special  loads  on  roof  framing  come  from  elevator  machinery,  tanks,  pent-house  walls,  signs, 
flag  poles  and  kindred  items.  These  having  been  determined  from  the  architectural  require- 
ments, the  roof  framing  is  designed  in  the  same  manner  as  the  floor  framing. 

If  the  top  story  is  to  have  a  finished  ceiling,  it  becomes  a  problem  to  determine  whether  the  framing  shaU  be  set 
level  at  the  ceiling  elevations  or  set  on  a  slope  at  the  roof  elevation.  If  future  stories  are  contemplated,  the  framing 
will  be  set  level  at  the  ceiling  elevation,  and  so  arranged  as  to  serve  as  the  future  floor  framing. 

Unless  there  are  special  considerations  indicating  to  the  contrary,  it  is  usually  better  to  place  the  framing  at 
roof  elevation  and  place  the  beams  parallel  to  the  roof  surface  as  nearly  as  practicable.  This  involves  beveled 
connections  for  many  of  the  joists  and  girders,  but  these  are  not  difficult  to  make.  The  ceiling  can  be  suspended 
from  the  roof  framing  or  from  the  roof  slab  or  arches  by  wire  or  rods. 

In  case  an  attic  space  is  provided,  the  ceiling  may  still  be  suspended  if  no  attic  floor  is  to  be  used,  or  an  inde- 
pendent set  of  framing  may  be  provided.     The  latter  will  be  necessary  if  loads  are  to  be  placed  on  the  attic  floor. 

75.  Framing  for  Pitched  Roofs. — The  shape  of  the  roof  surface  and  the  kind  of  covering 
are  usually  determined  as  a  part  of  the  architectural  design.  The  problem  is,  therefore,  to 
provide  framing  to  support  a  roof  whose  shape  and  covering  have  been  determined. 

Certain  roof  coverings  are  attached  directly  to  the  purlins  and  require  no  sheathing — such  are  corrugated  steel 
concrete  tiles,  and  some  earthen  tiles.  Most  other  roof  coverings  require  a  sheathing,  interposed  between  the 
roofing  and  the  framing  (see  chapter  on  "Roof  and  Roof  Coverings"). 

Having  selected  the  kind  of  sheathing,  the  next  step  is  to  determine  the  most  economical  purlin  spacing.  An 
analysis  of  costs  similar  to  that  used  in  the  study  of  floor  joists  (Art.  686)  will  aid  in  determining  the  spacing.     A 
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•pacing  of  appro3dm»tely  5  ft.  is  »  oonvenient  one  and  suits  most  of  the  roof  materials.     However,  a  wider  spacing 
may  be  cheaper  for  reinforced  concrete  oast  in  place  and  for  some  types  of  precast  concrete. 

76a.  Design  <^  Hip  and  Valley  Rafters. — Where  two  roof  planes  intersect,  they 
form  a  ridge,  valley,  or  hip.  In  Fig.  113,  a—a^  and  6—6',  are  ridges,  6 — c  is  a  valley,  and  a — d 
is  a  hip.    This  figure  shows  the  ., 

arrangement  of  trusses,  rafters,  '"  "'     ^^ ~ "^ 

and  purlins.  The  trusses  are 
designated  by  T,  the  ordinary 
rafters  by  R,  the  hip  rafters  by 
HR  and  the  valley  rafters  by  VR. 
The  hip  and  valley  rafters 
are  designed  in  the  same  man- 
ner as  ordinary  rafters,  taking 
into  account  the  shape  of  the 
loaded  area. 

In  the  case  illustrated  in  Fig.  113, 
truss  7*1  supports  the  purlins,  as  indi- 
eated.  and  also  the  three  rafters  which 
oonTerge  at  its  apex.  Truss  Tt  spans 
between  trusses  Tt,  its  top  chord  serv- 
ing as  the  ridge  purlin,  and  supporting  

the    intermediate    rafters.      A    ridge      </* — "" 

purlin  extends  from  truss  Ti  to  truss  piQ.  113.— Showing  roof  framing  with  hip  and  vaUey  rafters. 

Ta,  supporting  the  valley  rafters  at  b, 

and  also  the  lower  end  of  a  short  rafter  at  the  same  point. 

76.  Saw-tooth  Skylights. — Saw-tooth Toofs  are  used  to  admit  light  through  the  roof  without 
allowing  direct  sunlight  to  come  through.  To  accomplish  this,  the  glass  must  be  to  the  north 
0n  the  Northern  Hemisphere).  The  glass  surface  may  be  either  vertical  or  inclined  slightly 
to  the  south  of  the  vertical.  The  max- 
imum inclination  which  can  be  used  and 
still  keep  out  direct  sunlight  at  noon  ,  is 
23  deg.  less  than  the  latitude  of  th*b 


iXnf 


Fig.  114. — Saw-tooth  skylight  framework 
with  I-beam  rafter. 


Fio.  115. — Saw-tooth  skylight  tnise  as  designed  by  M.  S. 

Ketchum. 


place.  The  inclined  surface  admits  more  and  stronger  light,  but  is  more  subject  to  leakage. 
The  vertical  surface  is  generally  preferred.  The  area  of  glass  surface  to  be  provided  will 
be  determined  by  the  lighting  requirements. 

If  the  spacing  of  the  supports  is  such 
as  to  permit  the  xise  of  beam  framing,  the 
arrangement  of  members  shown  in  Fig.  114, 
may  be  used.  The  tie  shown  should  be  a 
rigid  member  for  bracing  purposes. 

For  wider  spacing  of  supports,  trusses  are 
used.  The  most  satisfactory  form  is  that  de- 
vised by  M.  S.  Ketchum  and  shown  in  Fig. 
115.  Its  important  advantage  is  that  it 
allows  ample  gutter  space,  being  in  this  regard 
very  much  better  than  the  design  shown  in 
Fig.  114. 

The  design  of  the  trusses  and  purlins 
does  not  involve  any  principles  that  have 
not  been  explained. 


Cbagcr 
buvm 


Fia.  116. — Roof  trusa  with  monitor  frame. 
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77.  Monitors. — Lighting  and  ventilation  of  mill  buildings  are  often  provided  tlirough  a 
monitor  on  the  roof.  The  monitor  frame  is  moimted  on  the  rafters  or  the  trusses  as  shown  in 
Fig.  116.  It  is  made  up  of  light  angles  as  the  loads  to  be  carried  are  small.  In  the  case  shown, 
the  gravity  loads  are  carried  direct  to  the  main  truss  by  the  vertical  members.  The  diagonal 
members  take  wind  stresses  only.  If  the  monitor  is  wide,  the  top  chord  member  of  its  frame 
mav  need  to  be  trussed. 


FLOOR  AND  ROOF  FRAMING— CONCRETE 

By  W.  J.  Knight 

78.  Practical  Considerations. — Competition  in  the  economical  design  of  reinforced  concrete 
structures  has  reached  such  proportions,  that  few  engineers  can  afford  to  neglect  the  practical 
and  economic  features  of  design.  On  every  hand  the  engineer  is  confronted  with  the  problems 
of  economy,  when  serving  his  clients  to  the  best  advantage.  Every  prospective  owner,  with 
few  exceptions,  demands  the  best  structure  at  the  cheapest  price.  Therefore,  the  economy  of 
arrangement,  or  the  selection  of  a  floor  system  that  will  result  in  giving  the  least  comparative 
cost  consistent  with  strength  for  any  proposed  structure,  cannot  be  over-estimated  in  impor- 
tance. A  thorough  knowledge  of  the  costs  of  materials  and  labor  that  will  be  apphcable  to  the 
various  types  of  construction  which  can  be  used,  may  be  termed  vital  considerations  in  the 
design  of  any  structure.  To  design  a  building  of  sufficient  strength,  without  considering  cost, 
is  not  a  difficult  accomplishment,  but  to  produce  an  arrangement  that  will  afford  both  strength 
and  economy  in  combination,  is  decidedly  another  problem.  Theory  by  itself  is  a  deceiving 
form  of  enlightenment  and  cannot  well  be  applied  intelligently  until  the  many  practical  condi- 
tions governing  design  and  application  are  learned  through  experience  and  made  an  integral 
part  of  theoretical  knowledge. 

It  will  often  be  found  expedient  to  make  comparative  estimates  of  a  typical  panel  for  two 
or  more  different  arrangements  to  ascertain  the  relative  cost  of  concrete,  steel  bars  and  centering 

per  square  foot  of  superficial  surface,  and 
then  the  most  economical  system  may  be 
selected  from  these  calcrilations. 

79.  Slab  Steel  Arrangement — Ordinary 
Type. — The  arrangement  for  slab  steel  can 
be  accomplished  in  several  wa3rB.  Fig. 
117(a)  shows  an  arrangement  consisting  of 
straight  rods  in  the  bottom  and  loose  rods 
in  the  top  over  supporting  members.  This 
arrangement,  though  eliminating  to  a  great 
extent  the  cost  of  bending,  is  objectionable 
on  account  of~  the  difficulty  of  placing 
properly  the  loose  rods  in  the  top.  Loose 
rods  of  this  nature  should  be  avoided  when 
possible.  This  method  has  been  employed 
in  a  great  many  buildings,  but  the  actual 
position  occupied  by  the  top  rods  after  the 


(d) 

Fia.  117. 


concrete  has  been  placed  is  a  question.  Loose  rods  of  this  type  are  often  placed  after  the 
slab  has  been  poured  to  its  full  thickness,  and  the  rods  relied  upon  to  remain  near  the  top 
surface  of  the  wet  concrete.  Laborers  walking  about  engaged  in  screeding  the  concrete  sur- 
face, can  hardly  be  expected  to  avoid  forcing  them  into  the  bottom  of  the  slab. 

Fig.  117  (6)  shows  an  arrangement  used  very  often  in  short  and  long  span  slabs.  The  amount 
of  steel  over  the  supports  is  the  same  as  at  the  center  of  the  span.  This  arrangement  requires 
the  bending  of  all  rods  with  the  exception  of  alternate  rods  of  end  spans.  Fig.  117(c)  shows  an- 
other arrangement  that  gives  equal  steel  area  over  supports  and  in  the  center  of  span.  Tlie 
tonnage  to  be  bent  in  this  case  is  less  than  is  required  in  Fig.  117(b)  and  is  just  as  satisfactory. 
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In  very  short  Bpane  where  arch  action  is  considered  to  exiet,  alternate  rods  only  may  be 
beot  up  into  the  top  of  al&b  over  the  supporta,  which  aSord  only  one-half  the  steel  area  over 
the  supporta  (see  I^.  117(1}. 

To  properly  place  slab  rods  has  always  been  a  very  annoying  question  for  engineers  and 
■upeimtendenia  to  solve.  Slab  rods  when  only  tied  to  temperature  rods  cannot  be  held  per- 
manently in  position.  The  most  severe  stages  when  disarrangement  takes  place,  occur  before 
and  during  concreting  operations.  Electricians  placing  conduits  and  outlet  boxes,  plumbing 
and  heating  contractors  installing  sleeves,  etc.,  all  contribute  to  the  disarrangement  of  slab  rods, 
uoleea  some  device  is  employed  to  permanently  space  the  rods  and  to  hold  them  up  the  required 
distance  from  the  false-work  when  concrete  is  being  placed.  To  prevent  the  bent>'Up  portion 
tA  slab  rods  from  turning  sidelong  is  another  source  of  difficulty.  The  bent-up  portion  m^y  be 
held  in  position  by  wiring  the  rods  to  the  under  surface  of  screeds  placed  on  both  sides  of  the 
beam.  These  screeds  also  serve  the  purpose  of  forming  a  gage  by  which  the  specified  thickness 
of  the  slab  is  maintained  (see  li^g.  118).  Wires  (a)  of  sniaU  gage  are  employed  to  hold  the  rods 
in  position.  While  the  sur- 
face of  slab  is  being  leveled 
oS,  the  wires  are  detached  as 

the  finishing  off  of  slab  pro-  , 

ceeds,  and  this  should  be  ^^sva^i^^i^=^^' 
done  in  such  a  manner  as  to  ^HitW^^i^^^Cffi'^ 
.™id  tr««li.j  on  the  rod.  SicfefSSSS" 

which  have  been  disengaged 

The  specified  thickness 
of  a  floor  slab  cannot  be  p,a   ng, 

maintained   unless  contriv- 
ances similar  to  the  commonly  known  "screeds"  are  constructed  and  installed  with  depth  equal 
to  the  thickness  of  slab  desired.    Screeds  should  be  installed  prior  to  the  pouring  of  any 
concrete  and  at  such  intervals  as  will  permit  the  "blockmen"  to  level  the  surface  with  astraight 
edge  from  one  screed  to  the  other. 

It  is  i^rettable  that  more  stress  has  not  been  laid  in  the  past  upon  practical  engineering 
matters  of  this  nature.  Seemingly  a  great  many  engmeers  of  the  past  have  contended  them- 
selves in  the  kikowlec^e  of  theoretical  design  to  the  exclusion  of  things  practical,  laboriously 
appljring  formulas,  and  in  many  instances,  intricate  theories,  to  establish  to  a  hair's  thickness 
the  depth  of  a  slab.  It  should  be  realized  that  lax  methods  applied  during  construction,  dis- 
compose completely  the  intended  accuracy  of  correct  design.  TTiere  is  little  engineering  logic 
displayed  in  appljdng  formulae  to  derive  the  exact  thickness  of  a  slab,  the  size  of  abeam,  or  the 
exact  location  and  spacing  for  the  reinforcement,  when  there  is  wanting  a  specific  means  of  ful- 
filling the  intent  and  purpose  of  the  drawings. 

The  UnivEmty  ol  lUiaaia  published  t,  very  inUrssting  boUatin  ia  May.  1018,  deacribiof  conditioni  fauDd  in  a. 
Tonforoed  MDcrata  buildins  which  wu  removed  to  clau  the  eits  [or  the  New  PMHDsei  SutloD  in  Chiuao,  111. 
The  oriciiu]  UuDkneaB  of  Oat  alub  shown  wM  Sii  ia.     The  vaiiatioD  in  thiokUH  over  the  teat  area  raofod  from  7.6 

diatance  of  the  oenten  of  the  ban  of  tlie  top  laya  from  the  upper  luHaoe  varied  from  O.M  to  2.00  in.,  and  (hat  of 
the  lower  lay«r  from  8.60  to  4.00  in.     At  poinia  betweeiS  oolumni,  the  gentei*  of  the  ban  of  the  lecUngular  bands 

p«nel  the  oenten  of  the  lower  layer  of  diaional  ban  were  from  1 .20  to  2.20  ia.  above  the  lowir  (urfacB  of  the  ilab. 
Thia  inddent  ia  cited  to  ehow  that  Home  form  of  aereed  to  safe  the  apecified  thioknces  of  a  ilab  is  indispensablB  to 
eorrect  appliofition,  and  aome  device  for  aupportioc  and  apadiis  the  ban  ia  aa  neoeiBary  U>  piamatee  good  exeou- 
tion.  aa  the  fundamental  prindpln  of  theory  are  indiapeneable  to  good  dfaLsn. 

80.  Marking  of  Bent  Rods. — A  great  many  serious  errors  have  been  made  in  the  psst  by 
installing  the  wrong  bent  rode  in  beams  and  slabs,  principally  due  to  the  absence  of  some  in- 
destructible form  of  tsg  that  should  serve  as  a  means  of  ready  identification  for  each  bent  rod 
used  in  a  structure.  When  rods  are  bent  at  the  rolling  mill  or  at  the  building  site  it  is  most  diffi- 
cult to  identify  them  and  avoid  errors,  unless  painstaking  care  is  exercised  in  giving  each  bent 
rod  01  bundles  of  identical  bent  rods  a  clear,  indestructible  mark  stamped  on  togs  made  of 
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non-corrosive  metal.  Cloth  tags  have  been  experimented  with  and  found  decidedly  unsatis- 
factory. Marks  on  such  tags  with  the  use  of  ordinary  or  even  indehble  ink  cannot  survive  the 
wear  and  tear  of  shipping  and  handling,  without  becoming  disfigured,  detached  from  the  rods, 
or  illegible  from  the  effects  of  water  and  rust.  It  is  common  practice  for  high-priced  iron 
workers  to  spend  part  of  each  day  searching  for  and  measuring  bent  rods,  endeavoring  to  locate 
the  material  desired.  At  this  time  of  writing,  iron  workers  have  increased  their  wages  to  one 
dollar  per  hour  in  the  central  west,  which  from  a  monetary  standpoint  alone  should  even  fur- 
ther emphasize  the  importance  of  providing  suitable  tags  where  necessary. 

The  enforcement  of  this  essential  requirement  by  engineers  executing  designs  or  superin- 
tending the  erection  of  structures,  is  simply  another  step  forward  in  making  more  practical  the 
application  of  theory  and  giving  added  assurance  that  the  design  will  be  carried  out  with  reason- 
able accuracy. 

The  following  simple  method  has  been  used  with  success  where  employed,  and  consists 
of  stamping  metal  tags  with  numbers  that  designate  each  different  bent  rod,  besides  in- 
dicating by  the  first  figure  of  the  mark  number  the  size  of  the  rod.  To  illustrate:  Reduce 
all  merchantable  bar  sizes  to  fractions  of  eighths,  the  dividend  of  the  fraction  for  each  bar 
size  always  representing  the  first  figure  of  the  mark  number  as  follows : 

Any  bent  rods  found  marked  200,  201,  202,  etc.,  wiU  indicate  at 
once  a  >^-in;  rod,  or  marks  700,  701,  702,  etc.,  a  K-io-  rodt  and  so  on. 
This  Byntem  used  in  connection  with  metal  tags  is  very  simple  and 
effective,  and  when  applied  by  workmen  will  reduce  to  a  minimum 
the  chance  of  placing  bars  in  the  wrong  location. 


Kin. 

■9 

H   -  Mark  200 

Hin. 

-i 

H   -  Mark  300 

Win. 

- 

H  -  Mark  400 

Hin. 

- 

H  -  Mark  500 

Kin. 

» 

H   -  Mark  600 

Hin. 

-i 

Ji   -  Mark  700 

1  in. 

a 

H   »  Mark  800 

IHin. 

- 

H   -  Mark  900 

IK  in. 

- 

^%  -  Mark  1000 

81.  Special  T-Beam  Design. — A  minimum  specified  clearance  or  head  room  will  often 
control  the  depth  of  T-beams  of  long  spans.  An  example  of  long  span  T-beam  constnicton  is 
given  below,  which  illustrates  the  special  provision  made  to  obtain  the  requisite  flange  area  for 
compression.  The  design  of  this  beam  was  one  of  a  large  number  required  to  span  a  theater 
auditorium  in  connection  with  a  large  structure  built  in  1916.  The  floor  supported  by  these 
beams  was  designed  for  a  dancing  pavilion. 

nitistnitive  Problem.— The  beams  are  8  ft.  on  centers  and  span  48  ft.  center  to  center  of  column  supporta. 
The  masdmum  depth  allowed  was  33  in.  The  live  load  from  the  floor  to  be  supported  by  the  beam  was  assumed 
at  75  lb.  per  sq.  ft.,  consideration  having  been  given  to  the  additional  safety  factor  afforded  by  the  heavy  dead 
load  of  the  beam,  which  is  about  16  tons.     Assumptions  used  in  the  design,  /•  -•  20,000,  /•  ■■  800  and  n  ^  15. 

The  slab  spanning  8  ft.  was  desired  to  support  a  live  load  of  100  lb.  per  sq.  ft.  for  the  reason  that  in  a 
building  of  this  character  the  slab  in  all  probability  will  receive  its  full  live  load  at  intervab,  whereas  the  sup- 
porting beams  will  not. 

Slab  Deaiffn  token  M  •■  To"-'^^  minimum  slab  of  4  in.  and  reinforcement  of  H~in.  rounds  6  in.  o.  to  c.  was 

selected.     In  the  design  of  this  slab  the  supporting  beams  were  also  considered,  to  obtain  cross  reinforcement 
that  would  assist  the  T-action  of  the  members. 

Using  a  4-in.  slab  the  theoretical  requirements  would  be: 

Live  load  -  100 

4-in.  slab  dead  load  =     50 
M-in.  finish  =       6 

Total  -  166  lb.  per  sq.  ft. 
M  -  ilM^m?)  _  9980  in..Ib. 

Selecting  a  minimum  slab  of  4  in.  and  d  ^  3  in., 

9980  -  /i:(12)(3)« 
/iC  -  93 

Diagram  2,  p.  153  shows  that  the  value  of  K  *  93.  with  /<  «  20.000  requires  a  percentagei  p  *>"  0.0053.  Then 
the  actual  area  of  steel  required  per  foot  width  is 

A,  -  (0.0053)  (12)  (3)  -  0.191  sq.  in. 
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To  Sod  the  uDdt  ttTMMa  in  tlu  (tMl  *nd  oDDonU  iiHuined  in  ttia  de^m:  N-in-  nnincti  «ln.  o.  to  a.  -  aS21 
•q-  in.  p«  IWn.  width. 

Vnat  TkUa  3,  p.  ISO.  p  -  aOOfll,  k  -  OMa  sikI  )  -  O.SSS. 


-  e03  lb.  per  M 


(0.349)  (0.88S}  (1^(3)' 
R  X  -  93  and  p  -  0.0061,  the  (tnw  in  the  Eonerete  uid  eted  will  b 
iK.«  lor  /.  Md  /.. 


^JbbnxA  ^'f^ctoctM 


Coneiderlns  the  (hortneM  of  the  aUb  ipao  and  tha  iDcnued  efleetive  depth  nsr  the  auppocta  (Fig.   : 

Uve  loud  pec  linear  foot  -  (S)(TS)  -  flOO 

Dead  load  of  slab  per  Un«r  foot  -  (SXMI)  -  400 

Dead  load  of  Riiiib  per  linear  Coot  -  (81(6)  -  «S 

DMid  load  ol  beam  including  depioaion  below  «hib,  per  linear  foot  -  (4.34)(1»»  -  S50 

Total  -  IMS  lb.  per  lis.  1 

«-  '""I  »"■■■» -...«.3<.l.-lb. 

b'  •  10  in,        d  —  an  in   ifld  i  lat 
(IMS)  f  241 


^  -  100  lb.  per  m).  in. 


e  the  depth  ii  ■mall  in  proportion  to  epan  length,  i 
uctian  and  not  rely  on  the  4-in.  stab  flange  to  reaiat  ■ 


>iBcram  0.  p.  106.  ihowi  the  neutral  axis  ia  in  the  flange  when  p  -  O.OOTS  and  j  -  0.414.     Heme 
Table  2.  p.  IGO.  ^va  tbe  following  valuea  of  1:  and  j  for  p  -  a.OOTQ: 
*  -  0.378    J  -  0.87S 


414  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  S-82 

Referring  to  Tmble  3,  it  it  found  that  these  values  give  about  equal  strength  for  the  ateel  and  eonerete,  or  solving  for 
/•  and  /•: 

M  5,868,300  ,« ~w.  ,u  i 

^•-  A;^"  (12)(0.876)(29)-^^'*»"*P^'^-^ 

^  -  ^'P  -  (2)  (19,300)  (0.0076)  .  -ro  ,h  ^  ^  .„ 

/•  ■  -T-  ■■  0376 

or 

-  ^    If       5.868,300        ,«Q^ 

^       bd*       (54)(20)s        ^-^ 

When  K  -  129.2  and  p  •■  0.0076,  the  above  values  for  /•  and  /«  may  be  checked  by  Diagram'2,  p.  153.    Points 

at  which  bends  in  rods  may  be  made  can  be  readily  obtained  from  Diagram  8.     At  the  worst  section,  5  out  of  the 

12  rods  are  bent,  or  42  %  of  the  total  at  a  point  2  ft.  10  in.  from  the  center  of  each  support.     Diagram  8  shows 

when  M  -■  -^,  42  %  may  be  bent  up  at  0. 172  or  8  ft.  2  in.  from  center  of  support.    Further  investigation  in  this 

re^;>eot  is  unnecessary. 

Bond  stress  in  straight  rods  with  hooked  ends:  The  perimeters  of  seven  1-in.  squares  *  (7) (4)  «  28  in. 

V  40  750 

"  ■  z^W  "  (a8)(i<)(29)  ■  "  "'•  ^  ■^- '°- 

Theoretically,  hooks  were  unneeessary,  but  the  idea  of  securing  the  greatest  rigidity  for  the  structure  dictated  the 
use  of  hooks  for  the  ends  of  all  bent  and  straight  rods.  The  locality  in  which  this  structure  was  erected  is  subject 
to  periodical  storms  and  wind  of  great  vdocity,  hence  judgment  was  exerciBed  in  anchoring  the  s^iictural  parts 
wherever  it  was  deemed  advisable. 

Provision  ior  shearing  stresses;  The  unit  shearing  stress  has  been  determined  above,  v  •■  100.  flhearing  value 
assumed  for  concrete  ti  ■■  40. 

(100  -  40)48  _,..,, 
*'■       (2)  (ICO)       -"^^^ 

In  Fig.  119  it  will  be  noted  that  the  bent  rods  were  so  arranged  that  the  diagonal  tension  at  the  ends  could  be  taken 
principally  by  these  rods,  but  regardless  of  ibis  fact  M-iQ-  round  stirrups  were  introduced  extending  from  end  to 
end  of  the  beam  as  shown.  Referring  to  diagram  Fig.  119,  the  total  stress  in  the  two  bent  1-in.  square  rods,  mark 
850,  is 

The  unit  stress  in  bent  rods,  Mark  850,  is 

17,100       oecrt  lu  1 

2QQ    -  8650  lb.  per  sq.  in. 

The  total  stress  in  the  two  1-in.  squares,  Mark  851,  is 

(5?^)  (26)  (16)        ,,,„ 

The  unit  stress  in  bent  rods,  Mark  851,    is 

^^^  -  6080  lb.  per  sq.  in. 

The  stress  in  the  one  1-in.  square  rod,  Mark  852,  found  in  a  similar  manner,  is  11,400  lb.  per  sq.  in. 

All  beams  01  wwe  cambered  IH  iQ*  ftt  the  center,  to  avoid  the  ddusive  appearance  of  a  straight  beam  soffit  of 
this  span. 

The  effective  depth  of  these  beams  is  about  one-twentieth  of  the  span  length,  and  although  this  proportion  of 
depth  to  span  is  somewhat  unusual,  little  or  no  deflection  was  noted  after  the  removkl  of  supports.  Swiss  deflectom- 
eters  were  employed  to  detect  any  deflection,  with  the  result  that  no  movement  was  recorded.  All  sted  bars  used 
in  the  design  were  hard  grade  with  a  minimum  elastic  limit  of  50,000  and  a  minimum  ultimate  strength  of  75,000 
lb.  per  sq.  in.     Minimum  elongation  in  8  in.,  10%. 

82.  Long  Span  Rectangular  Beams. — The  example  of  long  span  rectangular  beam  design 
given  below  was  used  in  connection  with  the  same  structure  as  the  long  span  T-beams  described 
in  the  preceding  article.  The  purpose  of  these  beams  (Fig.  120)  is  to  support  a  passage  for 
pedestrians  over  a  thoroughfare  below. 

Illustrative  Problem. — The  depth  of  these  beams  was  restricted  to  a  total  depth  equal  to  one-tenth  of  the  spaa 
length,  and  the  width  b  proportioned  accordingly. 

/•  »  20,000,  /•  -  800  and  n  -  15.     Width  6  assumed  -  18  in. 
Dead  load  passage  -  (75)(6)(68)  -    30,600 

Uve  load  passage  -  (50)(6)(68)  -    20.400 

Dead  load  beam    -  (1.5)(7)(150)(68)    -107,100 


Total -    158,100 

M  .  ("»-IC0H70)(12)  .  ,e.fl00.000  in.-Ib. 
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led  out  ■auminc  l»l»DoiD(  vklue*  (or  /.  Mid  U     From  Tsbla  3.  p.  ISO,  wban  /.  -  30.000.  /. 

it  -  a37£,  )  -  0.S7S,  p  -  0.007S,  and  K  -  131.29 

M  -  KM!  -  (131.3S)(1B)(S0]<  -  IE,  120.000  in. -lb. 
•msnt  required.     It  iadenred  to  retain  the  widtb  6  ••  ISin.     Theited  banuKd,  or  ten  I-in. 
■  bnvs  ■  wctional  ureit  squsl  to  IZ.Sa  aq.  In.     Tbsil 
p-     "'^     -0  0087 

m  mint  taks  (Smt.  2,  Art.  3Ta] 

V)  -  10,600,000  -  IS.iaO.COO  -  1,4S0,000 


1,480,000  _      ^^ 

20,000(1  -  2/ao)(i8)(soi'      "■"'™" 

0.0076  +  0.00O86  -  0.00818  or 
(O.OOSIflMlSI  (80)  -  11.75  sq.  in. 

o.ooofle^^j,~  °'"^  -  aoonem 

A-  -  (a00118)(l8)(S0)  -  1.70  (q.  in. 


Compuina  tha  vdua  found  tor  A,uiA  A'  with  the  Tmlue*  uced  intbe  dedcn  it  will  bo  noted  that  the  Hotioiu 
■rek  of  (eneile  steel  ia  eliihtly  more  than  the  theoretic*)  Tequirenunia,  and  the  sampeeeion  steel,  four  l-in.  squan 
or  4  aq.  in.  sneeds  the  oomputed  ana.  Coropreeeian  ■(Ael  ws*  added  to  uvb  a  ttiSer  member.  The  section  i 
member  Fie-  120  shows  the  armntemsnt  of  stinups  employed  to  anohor  ths  oompneaion  rods  Into  the  body  of  tb 

The  ■hearinc  sticaa  ii  squat  to 

■-1..K7MW  -""■■'•'"■'•■ 
Alter  observini  the  arrancemsnt  of  bent  rod*  and  stirrupv  in  elevation,  Fi|.  120,  It  ia  evideot  that  [eaisUnce  I 
diagonal  tension  ia  amply  provided  for. 

The  total  stnoB  taken  by  two  bent  l-in.  iquaca  rods,  Mark  801,  is 

^        '     ;L ^  -  10.600  lb. 

The  onit  strew  in  bent  rod*.  Mark  801.  i* 
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To  inveetigate  the  resbtoince  of  the  other  bent  rods  is  unnecessary,  ^-in.  square  stirrups  were  used  as  shown,  to 
mechanically  tie  together  all  parts  of  the  member.  Theoretically  the  stirrups  used  were  not  required,  but  from  a 
practical  view  point  the  member  may  be  considered  a  stronger  unit. 

The  shearing  stress  v  being  only  63  lb.,  the  bond  stress  in  the  bottom  rods  at  the  supports  should  be  compara- 
tively small.    The  sum  of  the  i>erimeters  of  four  1-in.  and  two  lyi-in.  square  rods  is  equal  to  25  in. 

79.000  ._  ,. 

"■  (25)(7/8)C80)  ■-*^>b.persq.m. 

The  slab  oonneeting  the  two  beams  was  designed  for  a  live  load  of  100  lb.  per  sq.  ft. 

Live  load  «  100 

Dead  load,  6-in.  slab  -    75 

Dead  load.  H-in.  finish  -      6 

181  lb.  per  sq.ft. 
Dead  and  live  load  per  linear  foot  of  slab  is 

(12)(181)  -  2172  lb. 
M  -  (2172)(I2.5)(12)  _  ^^.^^  .^^^^ 
o 

Referring  to  Table  9,  p.  161,  when  /«  -  20,000.  /•  -  800  and  n  »  15,  a  6-in.  slab  with  H'i^  square  bars  6  in.  c.  to 
0.  is  required,  when  M  -  40.725  in.-lb.  The  bars  have  hooked  ends  extending  into  the  beams.  To  insure  further 
rigidity,  three  intermediate  cross  beams  12  X  18  in.  dividing  the  span  into  four  equal  parts  were  emjJoyed  as  shown 
in  Fig.  120.     The  soffits  of  beams  (H  were  cambered  IH  in. 

83.  HoUow-tile  Constnictioii. — Hollow-tile  constructioD  is  extensively  used  in  light  buildings 
such  as  hotels,  office  buildings  and  appartments,  and  has  to  a  great  extent  superseded  the  one 
way  solid  slab  construction  for  spans  over  12  or  14  ft.  CJomparative  estimates  with  other 
forms  of  solid  slab  construction  will  demonstrate  the  economy  of  this  arrangement  for  floors. 
The  economy  is  not  only  found  in  the  cost  of  the  floor  alone,  but  also  in  the  reduction  in  the 
structural  sizes  of  all  the  supporting  members  including  beams,  columns,  and  footings,  by 
reason  of  the  dead  weight,  which  is  much  less  than  for  solid  slabs  designed  for  equivalent 
strength.  Tile  may  also  be  obtained  which  make  possible  a  two-way  reinforced  panel  with 
supporting  beams  along  the  four  sides.  Although  the  function  of  the  tile  is  only  to  create  a 
void  in  the  concrete,  considerable  strength  is  added  to  the  ultimate  capacity  of  such  panels. 
Tests  of  combination  hollow  tile  and  concrete  floors  have  given  surprising  results  in  stiffness 
and  strength. 

Tile  produced  by  the  different  manufacturers  will  give  a  large  variation  in  results  when 
subjected  to  intense  heat  in  kilns  prepared  for  test  purposes.  Tests  show  that  some  tile  will 
not  melt  at  3000  deg.  F.,  whereas  the  product  of  other  manufacturers  will  disintegrate  almost  to 
a  cinder  under  this  temperature.  The  resistance  to  heat  that  tile  will  offer  in  a  floor  panel  is 
not  so  satisfactory  as  when  heated  uniformly  over  all  surfaces.  The  lower  soffit  of  the  tile 
exposed  to  the  heat,  in  many  cases  has  been  known  to  fall  out,  and  no  doubt  this  is  due  to  the 
expansion  of  heated  surface,  while  the  other  portion  of  the  tile  protected  from  the  heat  reniains 
nearly  at  normal  temperature.  The  result  of  this  condition  will  cause  the  exposed  face  to 
shear  away  from  the  vertical  ribs. 

The  tile  should  be  thoroughly  wetted  just  before  concreting  operations  are  begun.  Dry 
tile  readily  absorbs  moisture  from  the  concrete  and  for  this  reason  are  most  objectionable. 
A  thorough  sprinkling  of  the  tile  should  be  insisted  upon,  especially  in  dry,  hot  weather.  When 
the  tile  are  placed  in  position  on  the  falsework,  intervals  between  the  ends  of  tile  should  be 
avoided,  to  prevent  loss  of  the  concrete  and  the  added  dead  weight.  The  ends  of  the  tile  at 
beam  flanges  should  be  closed  with  cardboard,  plaster  of  Paris  or  by  other  satisfactory  means. 

The  accompanying  table  gives  the  sizes  and  weights  of  commercial  tile  together  with  the 
cubic  feet  of  concrete  and  the  combined  weight  of  tile  and  concrete  per  square  foot  of  floor 
surface  when  the  rib  widths  and  thicknesses  of  top  are  as  indicated.  Particular  care  should 
be  exercised  when  pouring  the  concrete  ribs  between  4,  5  and  6-in.  tile.  On  account  of  the 
light  weight  of  these  sizes  the  concrete  should  be  placed  simultaneously  in  each  rib,  otherwise 
the  tile  will  be  forced  toward  the  side  where  the  least  pressure  is  exerted.  Poor  alignment  of 
tile,  and  the  consequent  reduction  of  rib  width  specified  often  occurs  during  construction  by 
neglecting  to  heed  this  precaution.  The  loss  of  tile  on  account  of  breakage  due  to  shipping, 
hauling  and  handling  ranges  from  2  to  5%. 
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Co..  Ft.   of  Concrete  Per  Sq.  Ft.  and  Weight  In  Lb.  Per  Sq.  Ft.  of  Combination  Hollow  Tile  and  Concrete 

Floors  When  Width  of  Ribe  and  Thickness  of  Top  Are  As  Follows: 


Tile 
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1 
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«M 

■ 

• 

4X12X12 
5X12X12 
6X12X12 
7X12X12 
8X12X12 
9X12X12 
10X12X12 
12X12X12 

16 
20 
22 
27 
30 
33 
35 
40 

0.21 
0.23 
0.25 
0.27 
0.29 
0.31 
0.33 
0.38 

43 
49 
56 
61 
67 
72 
76 
86 

0.25 
0.27 
0.29 
0.31 
0.33 
0.36 
0.38 
0.42 

50 
56 
60 
67 
70 
78 
81 
91 

0.26 
0.28 
0.30 
0.33 
0.35 
0.37 
0.39 
0.44 

51 
57 
61 
69 
74 
80 
84 
95 

0.266 

0.29 

0.31 

0.34 

0.36 

0.39 

0.41 

0.46 

51 
57 
63 
70 
76 
81 
87 
97 

0.27 
0.30 
0.32 
0.36 
0.38 
0.40 
0.43 
0.48 

62 
59 
64 
72 
78 
83 
88 
99 

0.28 
0.31 
0.33 
0.36 
0.39 
0.42 
0.45 
0.50 

64 
59 
66 
72 
79 
85 
90 
102 

0.29 
0.31 
0.33 
0.35 
0.38 
0.40 
0.42 
0.46 

56 
62 
67 
73 
79 
84 
89 
99 

0.29 
0.32 
0.34 
0.37 
0.39 
0.41 
0.44 
0.48 

56 
63 
68 
75 
81 
86 
90 
101 

0.31 
0.33 
0.36 
0.38 
0.40 
0.43 
0.45 
0.50 

57 
60 
69 
76 
82 
87 
93 
103 

0.315 

0.34 

0.37 

0.39 

0.42 

0.44 

0.47 

0.52 

58 

65 
70 
78 
84 
90 
95 
105 

0  32 
0  35 
0.38 
0.40 
0.43 
0.46 
0.49 
0.64 

60 
65 
71 
78 
85 
91 
96 
108 

>cf.co.  <■  ou.  ft.  of  concrete  per  sq.  ft 
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FiQ.  121. 


innatiaUv  Problem. — Fig.  121  represents  a  typical  panel  in  a  building,  to  be  designed  for  combination  hollow 
tile  and  concrete  joists,  with  supporting  beams  extending  continuous  in  one  direction  between  columns.     Live  load 
assumed  -  100  lb.    /•  -  16.000,  /•  -  650  and  n  -  15.     Maximum  e  »  110  lb.     v\  -  40. 
The  combination  slab  will  be  designed  for  the  following  loads  in  pounds  per  square  foot: 

Live  load -  100 

Wood  floor  and  fiU =    18 

Total  superimposed  load ■■  118 

27 
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Oneway  •System 


Safs  Supbbhipossd  Loads  im  Pounim  pbr  8q.  Ft.  for 

Unit  St«el  Strevi  - 16,000  lb. 


M  - 


WL 


4"  X  12"  X  12"  TUe,  4"  RiU.  16"e.,  2"  Top 


12 
n  -  16 


6"  X  12"  X  12"  Tik.  4"  Ribs,  16"c.,  2"  Top 


Weight  Fl.  per  sq.  ft.  -  50# 


Weight  Fl.  per  sq.  ft.  -  60^ 


Concrete  per  iq.  ft. 
0.26  ou.  ft. 


Tile  per  sq.  ft. 
0.76-4"  TUe 


Concrete  per  sq.  ft. 
0.292  ou.  ft 


Tile  per  sq.  ft. 
0.76-6"  Tile 


00276 

249 

918 


00361 

276 

906 


.00491 

.3172 

.8943 


.00626 

.349 

.884 


.00767 

.0026 

.00361 

.0045 

.00548 

.00007 

.378  . 

.235 

.274 

.305 

.334 

.372 

.874   1 

.921 

.909 

.90 

.893 

.887 

Reinf<xt»ment 
each  rib 


I 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 
28 


29 


2-H"* 


2-f<"# 


71 


•  « 

103 


51 


76 


34 


1*' 
56 


2-H"* 


7S 

61 


2-H"# 


2-H'> 


2'H"i 


2-H"* 


2-H"# 


2-H"* 


2'H"^ 


•  4 

22 


41 


28 


,100 

215 


Tl 

24 


•  1 
169 


«6 

96 


74 


57 


44 


4* 

32 


134 


77 

107 


71 

85 


68 


53 


272 


•5S 

42 


32 


216 

,10» 

174 

140 

114 

93 

'V. 

61 

49 

39 

167 


119 


91 


68 


61 


240 


37 


Tl 

89 


«« 
48 


«o 
18 


93 


5S 

73 


4* 

57 


40 

43 


4t 

82 


30 


ResiBtinc 
moment,  in.^lb. 

(M.) 


TFPical  Detail 


When  value  of  "A;'*  ia  less  than  ^,  Case  I  applies. 
When  value  of  "A"  is  greater  than  0.3786.  M«  controls. 

When  value  of  "ib"  is  lees  than  0.3786,  M<  controls. 
^Indicates  neutral  axis  in  the  flange. 


100 

318 


252 


202 


77 

168 


71 

133 


«• 

108 


88 


70 


57 


61 

44 


ISS 

400 


111 
320 


,10. 

260 


•  4 

212 


284 


•t 

176 


237 


•  1 

145 


104 

199 


70 

119 


19 

99 


82 


•  8 

167 


•  9 

142 


S7 

119 


04 

67 


SI 

101 


•  1 
55 


78 

85 


88 

ft 


74 

72 


71 

60 


88 

50 


88 

40 


WL 


NoTs:  This  table  is  based  on  M  ^  -r^.     Top  steel  over  support  for  negative  '  Af,"  same  area 

12 

A •  as  for  positive  at  center  of  span,  top  steel  over  supports  extending  K  or  H  of  span  length. 
For  end  spans,  when  M  ■■  -r^r,  use  H  of  the  combined  superimposed  load  and  dead  wei^t  of  floor 


given. 


WL 


For  simple  spans,  when  M  >  -^,  use  H  of  the  combined  table  values  as  for  end  spans. 


The  unit  8hear  v  •  rrj  '^  given  for  each  load  value  in  small  type. 


16,230 


20,410 


b'jd 


28,120 


35,360 


42,930 


28,980 


40,010 


50,400 


61370 


77,590 
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COMBNAITXOK   TiLB   AND  CONCBBTB   FlOOBB. 

Unit  Concrete  8tre«  -  650  lb. 


Ck>ntmuou8  Spans 


8^  X 12"  X 12"  TiK4"  Ribs,  16"o..2"  Top 

10"  X  12"  X  12"  Tile,  4"  Ribe,  16"o.. 
2"  Top 

12"  X 12"  X 12"  Tile,4"  Ribs,  16  c 

2"  Top 

• 

Weight  n.  per.  sq.  ft.  -  70 

Weight  Fl.  per  sq  ft.  -  8l' 

Weight  Fl.  per.  sq.  ft.  91/ 

Concrete  per  sq.  ft.  TUe  per  aq.  ft. 
0.334  cu.  ft.     0.76-8"  TUe 

Concrete  per  sq.  ft.  Tile  per  sq.  ft. 
0.375  cu.  ft.      0.76-40" 

Concrete  per  sq.  ft.  Tile  per  sq.  f1 
0.417  cu.  ft.     0.76-12" 

.00273 

.260 

.920 

.00347 

.280 

.914 

.00426 

.310 

.910 

.00642 

.360 

.906 

.00614 

.372 

.905 

.00284 

.264 

.925 

.(Xt348 

.294 

.922 

.00443 

.334 

.920 

.00602 

.358 

.920 

.0057 

.381 

.919 

.00295 

.283 

.933 

.00376 

.324 

.931 

.00425 

.348 

.930 

.00483 

.372 

.930 

2-H".*  2-H"#  2^"^  2-H"#  2-^i"^ 

1 

2-H"#  2.H'V  2-%"#  2-^"* 

i4J"* 

2-?i"* 

2-fi"* 

2.^"0 

78 

320 

loo 
424 

ISO 

5^ 

100 

629 

199 

666 

199 

801 

71 

255 

01 

338 

111 

428 

1 

01 

424 

111 
536 

119 

647 

05 

201 

80 

273 

109 

349 

OS 

343 

109 

437 

109 

629 

00 

161 

77 

222 

04 

286 

77 

280 

94 

361 

ISO 

480 

04 

438 

120 

580 

so 

120 

71 

182 

88 

237 

111 
320 

71 

231 

88 

300 

111 
403 

88 

366 

lis 

488 

69 

103 

07 

149 

81 

198 

104 

269 

07 

190 

81 

260 

104 

340 

lis 
396 

- 

89 

305 

104 

413 

40 

82 

OS 

123 

77 

165 

OS 

228 

110 

267 

09 

158 

77 

211 

97 

289 

110 

338 

77 

258 

08 

362 

110 

410 

40 

66 

so 

101 

7S 

139 

01 

194 

104 

230 

60 

130 

79 

178 

09 

247 

104 

290 

1 

1 

79 

218 

09 

301 

104 

363 

lis 
413 

4S 

50 

SS 

82 

08 

116 

87 

165 

08 

197 

66 

107 

OS 

149 

87 

211 

OS 

260 

110 

290 

08 

184 

87 

269 

98 

305 

112 

359 

41 

38 

59 

66 

06 

97 

89 

141 

OS 

169 

69 

88 

04 

126 

ss 

181 

OS 

216 

104 

261 

04 

166 

ss 

223 

OS 

264 

100 

312 

so 
53 

01 

81 

78 

120 

so 

146 

60 

71 

01 

106 

78 

166 

88 

188 

00 

219 

01 

132 

78 

192 

88 

229 

100 

273 

47 

42 

68 

66 

74 

103 

84 

126 

47 

67 

68 

88 

74 

134 

84 

162 

04 

191 

68 

111 

74 

166 

84 

200 

05 

239 

so 

55 

71 

87 

80 

108 

46 

46 

60 

73 

71 

116 

80 

141 

00 

167 

60 

93 

71 

143 

80 

174 

01 

210 

68 

44 

08 

74 

77 

93 

48 

34 

6S 

60 

08 

98 

77 
121 

so 

146 

68 

78 

08 

123 

77 
161 

87 

184 

61 

34 

06 

63 

78   t 

80 

61 

48 

OS 

83 

74 
106 

89 

127 

61 

64 

06 

106 

78 

132 

88 

162 

09 

62 

70 

68 

40 

38 

09 

70 

70 

91 

70 
111 

40 

61 

09 

90 

70 

114 

so 
142 

so 

42 

07 

58 

00 

69 

08 

78 

70 

97 

47 
41 

60 

75 

68 

99 

77 

124 

OS 

48 

68 

49 

06 

66 

78 

83 

46 
31 

68 

65 

06 

84 

74 

109 

1 
1 

OS 

40 

60 

40 

08 

65 

70 

72 

60 

64 

68 

72 

72 

96 

1 

01 

47 

68 

61 

64 

44 

61 

61 

60 

82 

1 

60 

38 

00 

62 

62 

35 

60 

61 

67 

71 

52,000 

66,810 

80.400 

101,890 

115,200 

1 
1 

81,400 

99,570 

126,460 

143,140 

160.100 

119,080 

151,240 

171,000 

194.270 

420 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[|7^C«     w~~oO 


Safb  Sup&buiposbd  Loads 
One-way  System 

IK  Pounds  pbb  Sq.  Ft.  vob 
Unit  Steel  Stress  -  8000  lb. 

Af - 

n  — 

WL 
15 

4"  X  12"  X  12"  Tile.  4"  Ribs,  16"  c,  2"  Top 

6"  X  12"  X  12' 

'  TUe.  4" 

Ribs.  16" 

c..  2"  Top 

Weight  Fl.  per  sq.  ft.  -  50# 

Weight  Fl.  per  sq. 

ft.  -  60# 

Concrete  per  sq.  ft.         Tile  per  sq.  ft. 
0.25  cu.  ft.                     0.75  cu.  ft. 

Concrete  per  sq.  ft. 
0.292  ou.  ft. 

Tilejpersq^ft. 

Values 

r 

.00276 

.249 

.918 

.00351 

.276 

.908 

.00491 

.3172 

.8943 

.00625 
.349 

.884 

.00767 
.378  ♦ 
.874 

.0025 

.235 

.921 

.00351 

.274 

.909 

.0045 

.305 

.900 

.00548 

.834 

.893 

.00097 

.372 

.887 

Reinforcement 
each  rib 

2-«"« 

2-H"# 

2-H'V 

2-H"* 

2-^'V 

2-^"# 

2-H"0 

2'H"* 

2-H"4> 

2-H"* 

4* 

s 

.9 

3 

p. 

03 

10 

11 

87 

122 

187 

•  •• 

184 

•   ** 

288 

lis 
365 

m 

46 

62 

92 

146 

,101 

197 

142 

219 

101 

291 

12 

45 

70 

115 

157 

202 

110 

174 

S4 

235 

116 

300 

13 

•3? 

52 

90 

126 

,10S 

164 

73 

•   •• 

140 

8« 

191 

100 

246 

14 

38 

72 

102 

134 

64 

•   •• 

112 

80 

157 

OS 

204 

15 

27 

,60 

55 

82 

111 

48 

89 

T6 

129 

OS 

170 

117 

231 

16 

•  •• 

43 

67 

92 

•  •• 

35 

,65 

71 

70 

106 

80 

142 

110 

196 

17 

32 

54 

75 

56 

•• 

87 

81 

119 

108 

166 

18 

43 

61 

44 

71 

77 

99 

08 

143 

19 

33 

50 

34 

so 
57 

7S 

83 

OS 

121 

20 

60 

46 

08 

69 

87 

103 

21 

6t 

36 

06 

67 

84 

89 

22 

< 

\tU       K-*-i«^ 

T 

OS 

46 

70 

75 

^  VJ3^Mttb^|«^^SSS  jjSfHwBpCi 

23 

« 

■■'M^  "IB' i^B.  r       .^^HI'^B   :-.    'Hi 

y 

60 

38 

70 

63 

24 

78 

53 

25 

When  value  of  ***"  is  less  than  ^,  Case  I  applies. 
When  value  of  "Jfc"  is  greater  than  0.3846,  Me  controls. 

J 

70 

44 

26 

When  value  of  "ib"  is  less  than  0.3846.  Af.  controls. 
'Indicates  neutral  axis  in  the  flange. 

07 

37 

27 

WL 
Note:  This  table  is  based  on  Af  «  -rg-.     Top  steel  over  support 

for  negative  "  M"  same  area  A*  as  for  positive  at  center  of  span. 

28 

top  steel  over  supports  extending  yi  or  >i  of  span  length. 

"WL 
For  end  spans,  when  Af  — -— ,  use  H  of  the  combined  superimposed 

29 

load  and  dead  wt.  of  floor  given. 

Wli 
For  simple  spans,  when  Af  "— «-,  use  H  of  the  combined  table  val 

ues  as  for 

end  spani 

1. 

30 

y 

The  unit  shear  r  -»  rrr:  is  given  for  each  load  value  in  smsll  type. 

0  ja 

ReaiBl 
moment 

,,  m.-Ib 
•) 

18,180 

22,940 

31,620 

39,780 

48,300 

32,600 

45,030 

56.650 

69.010 

87.280 

Sec  S-83] 


STRUCTURAL  DATA 


4^ 


OomiNATION  TlUi  AKD  CONCBBTB   FLOORS 

Unit  Concrete  Street  -  750  lb. 


Gontinuous  fifpans 


8"  X  12"  X  12"  TUe,  4"  Ribe,  16"  c. 

2"  Top 

10"  X  12"  X  12"  Tile,  4"  Bibe,  16"  o. 
2"  Top 

,  12"  X  12"  X  12"  Tile,  4"  R  b 
It'  c,  2"  Top 

Weight  Fl.  per  aq.  ft.  -  70#j 

1    Weicfat  Fl.  per  sq.  ft.  -  81# 

Weight  Fl.  pe 

r.  sq.  ft.  -  91# 

ft.  Tile  per  sq.f 
0.76-12" 

Concrete  per  sq.  ft.  Tile  per  aq.  ft. 
0.334  cu.  ft.       0.75-8^ 

Concrete  per  sq.  ft.  Tile  per  sq.  ft. 
0.375  cu.  ft.      0.75-l(K' 

Concrete  per  sq. 
0.417  cu.  ft 

.00273 

.250 

.920 

.00347 

.280 

.914 

.00426 

.310 

.910 

.00542 

.350 

.906 

.00614 

.372 

.906 

.00284 

.264 

.925 

.00348 

.264 

.922 

»  .00443 
.334 
.920 

.00502 

.358 

.920 

\  .0067 
.381 
.919 

.00295 

.283 

.933 

.00375 

.324 

.931 

.00425 

.348 

.930 

.0048 

.372 

.930 

a-H'V 

2-H"#  2-fi'V  2-^"*  2-H"* 

2-H"#  2^"*  2.H"^ 

2-H"t> 

1-H'V 
1-K"* 

2-«'V 

2-«"# 

2-%"* 

i-H"# 

•  8 

370 

119 

485 

lis 
606 

so 

293 

108 

388 

lOS 

487 

14 

235 

04 

315 

118 

401 

04 

395 

116 

502 

<8 

190 

80 

258 

100 

331 

so 

325 

108 

416 

100 

504 

•  4 

154 

80 

214 

08 

277 

80 

269 

08 

347 

08 

422 

6t 

125 

76 

177 

03 

232 

117 

312 

76 

224 

OS 

293 

117 

393 

OS 

355 

88 

101 

70 

147 

86 

195 

110 

267 

TO 

188 

88 

247 

110 

336 

80 

301 

110 

408 

89 

82 

08 

123 

81 

165 

104 

228 

117 

266 

88 

157 

81 

209 

104 

288 

117 

837 

81 

266 

108 

360 

49 

66 

OS 

101 

78 

139 

07 

196 

111 
230 

8S 

131 

77 

178 

07 

248 

110 

292 

70 

220 

07 

303 

110 

364 

41 

51 

80 

84 

7S 

117 

OS 

169 

106 

200 

80 

109 

78 

162 

OS 

216 

104 

264 

110 

298 

78 

187 

08 

263 

106 

309 

44 

39 

80 

69 

80 

99 

88 

145 

00 

173 

80 

90 

80 

129 

87 

185 

00 

221 

lis 
262 

00 

160 

87 

228 

00 

269 

118 

318 

88 

55 

88 

84 

84 

126 

08 

150 

68 

74 

00 

109 

84 
161 

04 

193 

107 

229 

00 

137 

88 

199 

•4 

237 

107 

280 

61 

45 

88 

70 

80 

107 

00 

131 

81 

61 

OS 

93 

70 

140 

00 

168 

108 

202 

OS 

116 

so 
172 

00 

207 

,10S 

247 

40 

35 

80 

58 

77 

93 

88 

114 

48 

49 

80 

77 

70 

122 

so 

148 

OS 

178 

80 

99 

70 

150 

88 

182 

08 

219 

88 

47 

78 

79 

88 

98 

47 

39 

87 

66 

78 

104 

88 

128 

04 

167 

87 

83 

78 
130 

88 

159 

04 

193 

86 

39 

70 

68 

70 

85 

86 

54 

70 

90 

70 

112 

00 

138 

85 

69 

70 

112 

70 

139 

00 

172 

87 

57 

77 

73 

68 

43 

07 

77 

70 

97 

87 
121 

88 

58 

07 

98 

70 

122 

80 

161 

86 

48 

76 

64 

81 

34 

08 

66 

78 

86 

88 

107 

61 

48 

88 

84 

74 

107 

84 

134 

88 

40 

71 

54 

OS 

56 

71 

73 

80 

94 

40 

37 

08 

72 

71 

93 

80 

118 

80 

32 

08 

45 

00 

46 

88 

63 

78 

82 

60 

61 

08 

80 

77 

103 

00 

38 

88 

38 

80 

53 

78 
71 

88 

61 

08 

69 

78 

91 

58,670 

74.030 

90,450 

114,620 

129.600 

91,570 

112.010 

142,260 

161,030 

182.740 

133,960 

170,140 

192,370 

218,560 

22 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  S-^ 


One-way  System' 


Safb  Supbbimpobbd  Loads  in  Pounds  pkb  8q.  Ft.,  fob 

Unit  Steel  Stress  -  2000  lb. 


WL 

4"  X  12"  X  12"  TUe.  4"  Ribs.  16"c.,  2"  Top 

6"  X  12"  X  12"  Tile,  4"  Ribs,   16"c..   2^  Top 

^  - 12" 

Weight  Fl.  per  sq.  ft.  -.50# 

Weight  FL  per  sq.  ft.  -  60| 

n  -  16 

Ck>ncrete  per  sq.  ft.     Tile  per  sq.  ft. 
0.25ft.                0.76-4'Tae 

Concrete  per  sq.  ft.        Tile  per  sq.  ft. 
0.292  cu.  ft.                     0.76-6^ 

P 
'^alues  k 

• 

.00276 

.249 

.918 

.00361 

.276 

.908 

.00491 

.3172 

.8943 

.00626 
.349 

.884 

.00767 

.378 

.874 

.0026 

.236 

.921 

.00361 

.274 

.909 

.0046 

.306 

.900 

.00648 

.334 

.893 

.00097 

.372 

.887 

leinlorcement 
each  Tib 

2-H"<f> 

2-^"# 

2-H'V 

2-H"# 

2-«"^ 

2-H"# 

2-H'V 

2-H"i 

2-H"* 

2'H"* 

10 

102 

141 

213 

211   • 

316 

11 

,60 

75 

•   •* 

108 

168 

224 

164 

•  •• 

260 

,11s 
330 

12 

66 

83 

133 

,106 

180 

129 

200 

,104 

268 

13 

40 

63 

106 

146 

184 

99 

162 

219 

280 

14 

,50 

48 

86 

•   •• 
119 

,101 

162 

78 

131 

,    80 

181 

,100 
233 

16 

•  *• 

36 

07 

97 

,101 
126 

60 

•   •* 
106 

,    86 

160 

,10s 
196 

16 

.•1 
63 

'Z 

104 

46 

86 

,    78 

124 

164 

224 

17 

41 

66 

III        1 

87 

34 

69 

78 

103 

00 
139 

114 

191 

■*» 

18 

.'0 

63 

72 

,66 

66 

•  0 

86 

86 

117 

100 
166 

19 

•  •• 

42 

69 

44 

88 

•70 

80 

99 

10a 
141 

OQ 

20 

49 

81 

68 

78 

83 

»T 

121 

21 

39 

60 

47 

78 

70 

OS 

105 

22 

V«-4i»^ 

i^^T 

80 

68 

8S 

90 

23 

l^iCBlI 

88 

49 

8S 

77 

24 

>«tBn 

81 

66 

26 

When  value  of  "A;"  is  less  than  3,  Case  I  applies. 

a 

When  value  of  "ib"  is  greater  than  0.376  Af« controls. 

■• 

7S 

66 

26 

When  value  of  "k"  is  less  than  0.375  M,  controls. 
*  Indicates  neutral  axis  in  the  flange. 

76 

48 

27 

Note:  This  table  is  based  on  ihf  «  -r^-    Top  steel  over  supports  for  negative  M  same  area  A» 
as  for  positive  at  center  of  span,  top  steel  over  supports  extending  to  >^  or  H  of  span. 

28 

Wit 
For  end  spans,  when  M  ^-r^'Use  H  of  the  combined  superimposed  load  and  dead  wt.  of  floor 

29 

given. 

WL 
For  simple  spans,  when  M  ""~^'  use  H  of  the  combined  table  values,  as  for  end  spans. 

30 

V 
The  unit  shear  9  —  rrr;  is  given  for  each  load  value  in  small  type. 

0  Ja 

loment 

ting 
,  in. -lb. 

20.200 

25.490 

35,130 

44,200 

62,860 

36,100 

60,030 

1 

62.940 

76,680 

96,980 

9CCa    5~"o»JJ 


STRUCTURAL  DATA 


42 


CoiiBiNATioif  Hollow  Txlb  and  Concbstb  Floors 
Unit  Conorete  Stress  800  lb. 


Continuous  Spsns 


8^X12"X12"  TUe.  4"  Ribs,   16"  c, 
2"  Top 

10"X  12"X  l2"Tile,4'Rihs,2"Top 

12"X12"X12"  TUe,  4  Ribs  16c.,' 
2"  Top 

Weight  FL  per  sq.  ft.  -  70# 

Weight  Fl.  per  sq.  ft.  -  81# 

Weight  Fl.  per  sq.  ft.  =  91  # 

Coooete  per  sq.  ft.     TUe  per  sq.  ft. 
0.334  cu.  ft.                  0.76-8'' 

Concrete  per  sq.  ft.     Tile  per  sq.  ft. 
0.376  cu.  ft.                 0.76-10^' 

Concrete  per  sq.  ft.  Tile  per  sq.  fl 
0.417  cu.  ft.              0.75-12^' 

.00273 

.250 

.920 

.00347 

.280 

.914 

'  .0042C 
.310 
.910 

I  .00542  .00614 
.360      .372 
.906      .906 

.00284  .00348  .00443  .00602  .0067 
.264      .294      .334      .368      .381 
.926      .922      .920        920      .910 

.00296 

.283 

.933 

.00376 

.324 

.931 

.00425 

.348 

.930 

.00483 

.372 

.930 

2-M'V 

2rWi 

2.«"* 

2-H"*  2^'V 

2-H"#  2-^'V  2^"#  2-K"<^ 

'  i4J"* 

2-H"4> 

2-^"#  2.^'v  }:^;;; 

•s 

419 

To  find  reinforcement  snd  moment  for  any  other  widtl 

8t 

333 

114 

439 

118 

660 

of  rib  than  4",  multiply  moment  and  steel  area  "A<' 
each  by  distance  center  to  center  of  ribs  and  divide  bj 

S9 

289 

104 

368 

104 

448 

16,  total  lb.  per  sq.  ft.  remaining  same. 
The  imit  shear  for  any  other  width  of  rib  *  A"  dividec 
by  width  of  rib  X  shear  sq.  in.  in  table  X  distance  c.o 

76 

219 

•  • 

296 

118 

376 

- 

06 

370 

118 

471 

■ 

I     118 

1    670 

ribs  divided  by  16. 

Tl 

179 

•  • 

246 

108 

316 

88 

308 

100 

396 

108 

479 

147 

8S 

204 

101 

266 

88 

268 

108 

334 

103 

406 

SI 

120 

78 
171 

86 

224 

138 

304 

78 

218 

88 

283 

183 

382 

08 

345 

•s 

99 

78 

144 

80 

191 

118 

261 

78 

183 

80 

241 

116 

329 

00 

296 

115 

399 

•• 

81 

88 

120 

88 

162 

108 

226 

Its 

263 

80 

166 

86 

207 

108 

285 

138 

333 

85 

264 

108 

347 

•  S 

66 

88 
101 

80 

138 

108 

196 

117 

230 

86 

130 

81 

178 

108  ' 

248 

116 

291 

80 

218 

108 

302 

117 

353 

4» 

61 

81 

84 

77 
118 

88 

169 

110 

200 

88 

109 

77 

152 

87 

215 

110 

254 

138 

289 

77 

188 

87 

263 

110 

309 

47 

41 

88 

69 

78 

101 

88 

147 

108 

174 

88 

91 

78 

130 

08 

188 

105 

223 

116 

254 

78 

162 

88 

231 

106 

273 

lie 

321 

87 

68 

70 

86 

88 

127 

100 

163 

87 

77 

88 

112 

88 

164 

100 

196 

111 
224 

88 

139 

80 

201 

100 

240 

114 

285 

88 

47 

87 

72 

88 

111 

88 

134 

64 

63 

68 

95 

85 

144 

08 

173 

108 

199 

88 

120 

85 

177 

06 

212 

100 

253 

84 

60 

81 

96 

88 

117 

83 

62 

64 

81 

81 

126 

83 

151 

101 

175 

64 

102 

81 

155 

03 

187 

104 

225 

81 

61 

78 

83 

88 

102 

61 

69 

78 
109 

88 

133 

08 

156 

81 

87 

78 

135 

88 

165 

100 

201 

68 

42 

75 
71 

8S 

80 

88 

57 

76 

94 

85 

117 

84 

138 

80 

74 

75 
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86 

146 

06 

178 

78 
61 

88 

79 

67 

47 

73 

82 

81 

103 

00 

121 

67 

63 

73 
103 

83 

129 

OS 
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70 

62 

78 

68 

68 

70 

70 

90 

87 
107 

64 
51 

70 

90 

78 
113 

80 

141 

67 

43 

76 

68 

87 

60 

76 

79 

84 

95 

63 

42 

87 

78 

76 

99 

86 

125 

• 

78 

60 

86 

51 

78 

68 

81 

83 

86 

67 

78 

87 

84 
111 

66/»0 

82,260 

100,600 

127,360 

144,000 

101,760 

124,460 

158070 

178.920 

197,220 

148,860 

189,050 

213,750 

242.840 
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table  on  p.  418  shows  for  an  18-ft.  span  that  6  X  .12  X  12  tUe,  4<in.  ribs  and  2-in.  top,  with  two  H-in.  square  rods 
to  each  rib,  will  give  a  safe  superimposed  load  of  1 19  lb.  per  sq.  ft.  when  the  shear  is  87  lb.  Or  8  X  12  X  12  tale, 
4-in.  ribs,  2-in.  top  and  two  ^-in.  rounds  will  give  a  superimposed  load  value  of  116  lb.  per  sq.  ft.  and  68  lb.  shear. 
The  latter  combination  will  be  aooq;>ted  in  this  case  for  illustration.  The  value  «  ■■  08  will  require  web  rHnforce- 
roent  for  each  end   of  each  rib.     d  ■■  9  in.     Referring  to  Sect.  2,  Art.  34c 

^         (68  -  40)  (18) 

'» (2)  (68)         -  ^-^^  '*• 

y.-^^-f^^>^^-^Q>(12)-2490lb. 

A  f^-in.  round  stirrup  at  10,000  will  have  a  value  of  980  lb.,  which  would  require  only  say  three  stirrups  at  each  end. 
The  resultant  spacing  may  be  considered  unsatisfactory,  spaced  over  the  distance  3.70  ft.  To  give  greater  economy 
in  the  weight  of  stirrups  and  in  order  to  preserve  the  proper  spmcing,  it  will  be  necessary  in  this  case  to  use  wire  of 
smaller  gage  ihan  ^  in.  A  No.  8  gage  wire  has  a  cross-sectional  area  equal  to  0.023  sq.  in.  Assuming  the  use  of 
No.  8  wire,  each  stirrup  will  have  a  value 

(2)(0.023)(10,000)  -  460  lb. 
2490 


460 
Now  the  closest  spacing  at  the  end  of  rib  is 


"•  say  6  stirrups  at  each  end. 


(0.C46)  (10.000)  . 

•-     (68-40)(4)    "*'**• 

No.  8  wire  U-stirrups  spaced  two  at  4  in.,  three  at  5  in.  and  three  at  6  in.  will  be  satisfactory,  which  will  be  two  more 
at  each  end  than  obtained  above. 

The  above  values  for  shear  and  moment  at  the  center  line  of  supports  do  not  consider  the  additional  strength 
produced  by  the  flange  of  the  T-shaped  beams.  In  determining  the  negative  compression  in  ribs  at  supports,  allow- 
ance for  this  may  be  made.  The  moment  for  each  rib  at  the  edge  of  flange  may  be  assumed  to  be  about  Mth  of 
maximum  positive  moment  found  at  the  center  of  ribs.  Table  A  gives  the  moment  80,400  in.-lb.  The  mozoent  at 
the  support  for  the  rectangular  section  of  rib  will  then  be 

M  -  (80,400)(M)  -  68,900  in.-lb. 

One  H-io-  round  of  each  rib  will  extend  straight  in  the  bottom  and  one  H-in.  round  will  be  bent  up  sit  both  ends 
at  the  quarter  points,  and  will  extend  along  the  top  over  beams  to  the  quarter  points  oi  adjoining  spans.  This 
arrangement  will  give  an  equal  steel  area  for  positive  and  negative  moments.  When  stirrups  are  used  at  the 
ends  of  each  rib  the  straight  rods  in  the  bottom  may  be  considered  to  act  in  compression,  but  when  stirrups  are  not 
used  (which  is  more  in  accord  with  general  practice  for  this  type  of  floor  construction,  the  shear  for  each  rib  being 
reduced  to  about  40  lb.  by  widening  the  ribs)  the  straight  rods  in  the  bottom  cannot  be  expected  to  act  effectivdy 
in  compression.  Stirrups  in  small  ribs  of  this  kind  are  very  awkward  to  install  and  almost  impossible  to  hold  in 
position  during  construction,  therefore  a  simple  method  of  widening  the  ribs  at  the  flange  of  beams  will  be  illustrated 
ignoring  the  value  of  rods  in  compression.  Referring  to  Fig.  121, 8X8  tile  12  in.  long  will  be  used  at  the  ends  which 
will  inor^Me  the  width  of  concrete  ribs  to  8  in.  instead  of  4  in.  8X8X 12  tUe  may  be  readily  obtained  from  manu> 
facturers.  The  top  steel  st  supports  for  each  rib  has  an  area  equal  to  0.60  sq.  in.  The  percentage  p  fw  the  section 
where  ribs  are  8  in.  wide  will  be 


From  Table  2,  p.  150, 

Now  the  stress  in  the  top  steel  is 


p  -  0.0083,  k  -  0.388  and  j  -  0.871 


*  Af  68,900  , .  __^ ,, 

f'-Ajd-   (0.60)  (0.871)  (8)  -  "•^'»  '"•  ^  "••  •»• 

Referring  to  Diagram  2,  p.  153,  when  p  ■>  0.0083  and /<  *  14,700,  the  concrete  stress  is  found  to  be  slightly  less  than 
650  lb.  per  sq.  in.  This  method  gives  a  more  definite  assurance  that  the  iH'oper  resistance  to  negative  compressive 
stresses  will  be  carried  out  in  actual  construction,  whereas  the  use  of  stirrups  invites  carelessness  in  execution. 

T'Beam  Design. 

Weight  of  tile  and  concrete  floor  "■    70  lb.  per  sq.  in. 
Superimposed  load  ■>  118  lb.  per  sq.  ft. 

Total  floor  load  «     188  lb.  per  sq.  ft. 
Load  per  linear  foot  on  beam  -    (188)(18)  -  3380 
Load  of  beam  i>er  linear  foot  assumed  —    450 


Totol  load  ->  3830  lb.  per  lin.  ft. 
M  .  (»830)(W'(12)  _  ,240,900  i..-Ib. 

'As  a  general  rule,  beams  in  connection  with  hollow  tile  and  concrete  floors  come  under  Case  I  (see  Sect.  2,  Art.  40e). 
The  flange  b  made  the  same  thickness  as  tne  floor,  which  in  this  case  is  10  in. 

Buildings  are  xisually  planned  to  obtain  the  least  story  height.     Beams  that  extend  too  far  beneath  the  lower 
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surface  of  slab  will  lessen  tLe  elearanoe  required  between  the  underside  of  beam  and  floor  level  and  therefore  are 
objectionable. 

After  making  rough  trials  it  will  be  found  that  a  section  16  in.  wide  by  23  in.  effective  depth  will  fulfill  the  re- 
quirements for  shear,  or, 

(3830)  (9)  ,„,. 

"  (16)  (7/8)  (23)  "^^'^•P^^'^'"'- 
A  beam  16  in.  wide  and  wHh  d  i*  23  in.  will  be  considered  satisfactory. 

i-i  -0.435 

Now  the  api>rozimate  sted  area  A»  required  will  be 

.  1.240.900  ,  o  fto  .„  t„ 

^       (0.87)  (23)  (16,000)       ^'^  *^'  "** 

The  flange  will  be  assumed  to  extend  6  in.  beyond  each  face  of  web,  then  6  «  28  in 

Referring  to  Diagram  6,  p.  166,  when  A  ""  0.435  and  p  >  0.006,  it  is  at  once  determined  that  the  neutral  plane  is  in 

the  flange.     Case  I  applies.    Since  rectangular  beam  formulas  apply.  Table  3,  p.  150,  shows  that  the  controlling 
value  f or  p  is  0.00769  when  /«  «  16,000,  /•  *  650  and  n  •  15.     The  value  p  «  0.006  indicates  that  the  concrete 
stress  win  be  less  than  the  assigned  value  for  /«  and  that  the  steel  will  conU-(^.     Tp  confirm  this  understanding, 
the  formulas  governing  this  case  will  be  used  to  check  the  above  resxilts. 
Using  Table  2 

p  -  0.006,  k  -  0.344,  and  j  -  0.885 

The  unit  stress  in  the  steel  and  concrete  will  be 

.  1,240,900  ,e^,/>iK 

/•  -  (3.88)  (0.885)  (23)  "  "•""  "*•  «*'  *^-  "■• 

/.  -  <'niB.7io^.om)  _  g^g  ,^  ^^  ^  .^    . 

The  flange  width  6  i*  28  in.  will  be  used  as  it  is  better  to  have  more  flange  area  than  is  required  in  this  kind  of  con- 
struction on  account  of  working  conditions  at  the  building,  which  make  it  a  difficult  matter  to  maintain  an  accivate 
specified  space  between  the  ends  of  tile  and  the  beam  sides. 

The  steel  bars  will  now  be  selected  to  conform  to  the  sted  section.  A,  ■■  3.88.  Three  yi-\n.  rounds  straight  in 
the  bottom  and  two  ly^-in.  rounds  bent  will  give  a  combined  area  equal  to  3.80  sq.  in.  The  bent  rods  will  be 
arranged  as  shown  in  FSg.  121  and  extending  to  the  one-fourth  point  of  adjoining  beams.  Diagram  8  shows  that 
the  two  IH'ii^  rounds  or  52%  of  the  total  area  may  be  bent  up  at  point  0.21  or  3  ft.  9  in.  from  the  center 
line  of  support. 

The  shear  «  has  been  found  to  be  107  lb.  per  sq.  in.  After  applying  the  formulas  the  following  results  are  ob- 
tained: x\  *  6.63  ft.,  V\  •  36,210  lb.,  and  assuming  ^-in.  square  U-stirrups  at  10,000  lb.  pef  sq.  in.,  the  total  num- 
ber of  stirrups  for  each  end  will  be  13,  and  «  >  2.6  in.  The  stirrups  at  each  end  may  be  spaced  3  at  3,  3  at  4.  3  at  6 
and  4  at  8  in.  center  to  center.  As  bent  rods  will  not  be  used  at  the  supports  to  resist  diagonal  tension,  the  stirrups 
are  proportioned  to  take  the  entire  shear  represented  by  triangle  with  height  «  — oi  ■>  67  and  base  xi  »  5.63. 

Additional  bent  rod  units  may  be  used  to  take  the  entire  shear,  but  a  practical  arrangement  for  them  is  more 
difficult  to  obtain  than  in  the  case  of  stirrups  at  continuous  ends  of  beams. 

A  simile  trial  will  first  be  made  to  ascertain  if  the  rectangular  section  for  negative  moment  is  sufficient  without 
oonsideriiig  the  compression  rods.    The  four  IH-in.  rounds  in  the  top  over  supports  have  an  area  A,  ■-  3.97  sq.  in 

p  -  mk  -  ^-^^^ 

1.240.900 
"    (16)(23)« 

Diagram  2  shows,  with  p  "  1.08  %  and  K  «  146,  that  the  concrete  is  stressed  to  slightly  less  than  8(X)  lb.  and 
the  sted  to  less  than  16,000  lb.  With  the  presence  of  compression  rods,  it  will  be  noted  from  the  values  obtained  that 
the  section  at  the  support  will  give  adequate  strength,  without  resorting  to  further  investigation.  It  has  been  noted 
in  Sect.  2.  Art.  4Qf.  that  the  negative  moment  decreases  rather  abruptly  from  the  point  of  greatest  intensity 
oTtf  the  supports  and  hence  only  a  small  portion  of  a  continuous  member  will  be  subjected  to  the  greatest  stress. 
For  this  reason  higher  working  stresses  may  be  sssumed  at  this  point,  without  endangering  the  strength  of  the 
member. 

The  more  accurate  formulas  for  double-reinforced  rectangular  beams  coxild  be  applied  to  obtain  the  accurate 
stresses,  but  it  is  hardly  worth  the  while,  if  the  section  is  known  to  afford  safe  resistance  for  negative  stress. 

The  bond  stress  along  the  four  Wi-in.  rounds  at  the  top  of  beam  near  support  is 

34  470 
""(14. 14)  (7/8)  (23)   -•  ^21  lb.  per  sq.  in. 

The  tension  rods  in  continuous  beams  over  the  supports,  in  important  cases,  require  inverted  stirrups  to  anchor  them 
into  the  body  of  the  beam.  These  inverted  stirrups  shoxild  be  separate  from  the  stirrups  which  are  designed  prim- 
arily to  resist  diagonal  tension  at  the  ends.  It  is  essential  that  the  main  stirrups  engage  the  straight  rods  in  the 
bottom  at  supports,  otherwise  the  value  of  straight  rods  as  compressive  reinforcement,  may  be  compared  with  the 
value  of  longitudinal  rods  of  a  column  without  bands. 
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When  deigning  a  structure  composed  of  many  different  ordinary  members  of  simple 
construction,  the  experienced  engineer  as  a  general  rule,  has  not  the  time  at  his  disposal  or  the 
inclination  to  engage  in  long  theoretical  calculations  to  determine  what  is  required  to  safely 
and  economically  support  the  dead  and  superimposed  loads.  The  engineer  who  has  been 
engaged  in  the  design  of  practical  structures  for  a  number  of  years  develops  judgment,  intu- 
ition, perception  and  a  quick  comprehension  of  the  proper  proportion  required  for  memb«:8 
when  ordinary  problems  of  design  arise  for  solution.  In  the  absence  of  tables,  simple  cases  of 
design  may  be  solved  by  the  use  of  approximate  formulas,  making  it  Unnecessary  to  resort  to 
the  more  complex  and  longer  methods  of  calculation. 

In  many  forms  of  construction  it  is  possible  to  prepare  tables  that  will  give  directly  the 
requirements  desired  for  given  oonditioiis,  such  as  Tables  11,  12  and  13  for  combination  hollow 
tile  and  concrete  joists. 

84.  Metal  Floor-tOe  Construction. — Metal  floor  tile,  although  made  by  a  comparatively 
few  manufacturers,  are  used  to  no  Uttle  extent  as  a  substitute  for  hollow  tile.  Fig.  122  shows  a 
typical  cross  section  of  combination  metal  tile  and  concrete  floor  construction.  This  type  of 
floor  gives  a  smaller  dead  weight  than  hollow  tile  construction  per  unit  of  area  and  the  economy 
of  one  over  the  other  should  be  determined  by  making  comparative  estimates. 

The  tipper  surface  of  the  metal  tile  is  corrugated  or  depressed  at  intervals  to  prevent  sassins  when  exposed  to 
working  conditions  after  being  placed  in  position  on  the  formwork.  If  the  gage  of  the  metal  is  too  light  or  the 
corrugations  are  not  of  sufficient  depth  and  spacing,  sagging  will  inevitably  occurs  resulting  in  a  matenal  loss  of 
concrete,  by  increasing  the  specified  thickness  of  the  top. 

As  in  the  case  of  tile  construction,  the  metal  domes  create  voids  in  the  concrete  and  form  a  ssnrtem  of  small 
T-beams.  The  design  of  this  type  of  floor  is  identical  to  that  of  tile  and  concrete  rib  floors.  In  the  case  of  Hy- 
Rib  ceilings  the  bottom  edges  of  the  metal  tOe  are  serrated  to  straddle  the  ribs.  7*his  type  of  flat  metal  ceiling  is 
laid  in  place  on  the  formwork  before  the  metal  tile  are  placed. 

Metal  tile  are  also  manufactured  in  the  shape  of  domes  for  two-way  reinforced  panels. 


Ji^/ 


FiQ.  122. 


Jr 


/r 


Gypsum  file  f^hisf" 
Fia.  123. 


fa--        f" 


85.  GjTpsum  Floor-tile  Construction. — Gypsum  is  one  of  the  best  known  non-conductora 
of  heat  and  cold.  Besides  being  used  for  partitions  in  buildings,  it  is  now  extensively  employed 
in  the  form  of  floor  tile  in  combination  with  concrete  for  long-span  floor  construction.  Gypsum 
floor  tile  are  cast  from  molds,  and  are  made  from  dense,  hard  gypsum,  with  sides,  bottom,  top 
and  ends  cast  integral.  The  end  feature  of  these  tile  insures  against  waste  of  concrete  in  the 
event  tile  is  displaced  during  construction.  Fig.  123  illustrates  this  type  of  floor.  The  joist 
spacer  in  the  bottom  of  each  concrete  rib  which  preserves  intact  the  specified  width  of  rib,  is 
one  of  the  cardinal  advantages  of  this  system.  Metal  lath  ceilings  are  eliminated  by  the  use 
of  this  construction  and  the  plaster  is  applied  directly  on  the  gypsum  surface.  Each  tile  is 
reinforced  throughout  with  metal  fabric  to  prevent  breakage  beyond  reasonable  expectations, 
during  shipment  and  handling. 


Sixe  of  gypsum  floor  tile  (see  Fig.  123) 

A  ■■  Deoth  of  joist 

6  in. 

Sin. 

10  in. 

12  in. 

B  "  Heisht  of  tile 

7  in. 

9  in. 

11  in. 

13  in. 

Weiaht  Dor  lin.  ft 

24  1b. 

27  1b. 

301b. 

331b. 
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n*t  gyptaia  til*  tn  mviulaatuiad  priueipaOy  for  tus  rooF*  of  factory  baildioai.  Tha  tilt  u*  rdnfoned  in 
the  bollmn  md  arc  de«i«n«l  for  aula  unllorm  load  of  100  lb.  peTMi.  ft.  Each  unit  ii  30  X  IS  xSin.tUsk  and 
weiflu  13  lb.  per  iq.  It. 

M.  fieun  Schedules.—  Fig.  124  shows  two  typical  arraDgements  for  beam  schedules, 
irUch  coQcentrate  in  dettul  the  information  desired  for  the  preparation  of  steel  order  lists,  and 
to  Bi'mplify  the  work  of  the  superintendent  during  the  erection  of  a  structure.  With  such 
schedules  available  the  superintendent  may  select  in  advance  the  material  desired  for  any  one 
member  or  collection  of  members.  Knowing  the  number  of  beams  required  and  the  dimensions 
for  the  sections,  false-work  for  the  beam  sides  and  bottoms  may  be  readily  constructed  in 
advance  for  the  entire  building.  Schedules  are  especially  adapted  for  beams  of  simple  design, 
or  those  that  have  a  uniform  section  throughout,  with  reinforcement  bent  symmetrical  about 
the  center  line  of  the  member.  The  location  of  "rod  bends"  from  the  center  line  of  bearings 
should  be  indicated  for  special  reinforcement  as  shown  for  B.  30  and  B.  31,  Fig.  124.  Iliere  is 
little  excuse  for  wrong  installation  if  the  drawings  are  made  clear,  concise,  and  entirely  convenient 
for  ready  reference. 


dcacTViOE  o(  bjaii 


nd  bent  rodi  from  the  eleratl 
ow  tha  idatlTA  pooiiioD  and  be 
lira  tlia  moat  expart  intcrpreta 
□  b«n  obacrved  making  tbeii 
c  elar  will  be  an; 


md  not 


Fia.  124. 

tc  dataila  for  camplicatsd  beam*  or  girdm  and  projcot  the  locatina  of 
Details  with  projected  reiDlorcement,  aiii:)!  ai  indicated  ia  Fia.  120, 

a  to  fathom  the  probable  intentions  of  the  deeicner.  BupBrlntandeota 
«n  iatFrpretationa  by  gueuing  at  the  requirements.  After  th«  oon- 
tbe  wiser  unless  failure  oDoura.     In  tha  event  of  failure,  the  densner  b 


Unit  Construction. 

87  a.  Recognized  Systems. — Two  S3^tems  of  Unit  Construction  are  generally 
embodying  features  of  designs  and  installation  that  repreeent  the  correct  appliciu 
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Transverse   section 


Typical    elevation 


TkAINSHBD   BUtI.T  BY  THE    "  UnIT-BILT  "   BYSTBM. 
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tioa  of  this  type  of  cooBtniction.  These  Byetenu  are  the  "  Unit-bilt"  syBtem  and  the  Ransome 
UnitByatein.  Inthe"Uiiit-bilt"ayBteni,  the  slabs,  beams,  girdere, columns,  etc.  are  built  ap&rt 
from  the  atmcture,  and  bonded  together  in  the  structure  by  means  of  projecting  rod  &nclion, 
whereas  in  the  Ransome  aystem  the  slabs  are  poured  in  place  after  the  other  aupporting  membeis 
have  been  erected. 

876.  Unit-bilt  System. — Plates  1,  2  and  3  show  the  principal  details  of  this  type 
of  construction.  The  unit  method  of  building  is  especially  adapted  to  train  sheds,  round  hoUBOB, 
one  and  two  story  factories  and  warehouaes,  where  there  is  a  large  duplication  of  membciB. 
The  Unit'bilt  method  as  perfected  by  the  Uuit  Construction  Co.  of  St,  Louis,  consista  of 
caating  the  walla,  floors,  and  roofs  in  unite  and  erecting  these  units  by  means  of  derricks,  in 
much  the  same  maoner  as  structural  steel  is  erected. 

Plate  4 
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to  traioabed  coDBrruction. 
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87c.  RanBome  Cnit  System.— Hate  4  ahows  the  main  deUuLi  ot  this  aystem. 
The  ^rdeiB  are  notched  aloDg  the  top  at  intervale  of  about  4  ft.  to  receive  the  beams.  The 
stirrupa  and  bent  rods  of  these  girders  are  so  arranged  as  to  insure  a  mechanical  bond  between 
the  girder  and  slab.  The  ends  of  girders  are  widened,  so  as  to  practically  cover  the  cap  of  the 
column.  The  ends  of  beams  which  fit  into  the  pockets  of  the  girders  are  dove-tailed  to  ir 
the  anchor^e  at  these  points. 


Typical  Pkm,  Suw-Toofh  Rooft 


rage  cj  4  ft.  ve  pound  oa  rorm*  prCTioialr  ersoted  betwnn  ths  bemn 
,mB  upon  which  the  sJAb  tormm  rest,  thua  elimiiiatine  vertic&l  ihores  Ff' 
bdow.  Ai  ■  ooDsequcnce  of  this  procedure  in  the  constiuotioD  of  tbit  typ«  of  floor,  the  bnmi  soti 
deaisoed  to  carry  their  own  dead  weight,  the  weicbtof  the  floor  slab,  and  the  conttniction  loade  iDcideo 
operation. 

The  ahDrtDsa  of  apan  and  Che  nature  of  the  conttrucUon  permit  of  removing  all  forms  in  the  shorte 
The  eolumm  are  reinforced  with  longitudinal  rods  and  bands  or  hoops  in 

and  sirden  are  aet  in  place.     The  cored  hole  ie  made  larger  and  flared  out  at 
for  bearing.     The  loads  from  columoa  in  one  itory  to  that  □(  the  other  beneath 


of  Bared  spa  ai 
Iilhic  eonatruction. 
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9  longitudinal  rod  ioaertsd 

n  the  top  after  the  beama 

jsnaferred  entirely  by  meana 


It  asaistsd  by  the  lapping  of  any  loDQtudinal  rods,  as  is  ordinarily  done  in 
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88.  Saw-tooth  Roof  Constructioii. — Saw-tooth  roofs  arranged  to  provide  a  diffusion  of 
north  light  and  ventilation  have  been  found  especially  adapted  for  factories  and  machine  shops. 
The  cost  of  this  type  of  roof  is  somewhat  in  excess  of  the  ordinary  flat  arrangement  of  reinforced 
concjete  construction,  or  saw-tooth  roofs  built  of  other  materials,  but  the  advantages  gained 
in  efficiency,  fireproofness,  and  maintenance  in  the  case  of  concrete  more  than  offset  the  addi- 
tional cost  entailed. 

Kg.  125  shows  a  typical  arrangement  for  reinforced  concrete  saw-tooth  roof  construction. 
The  effectiveness  of  light  afforded  will  depend  to  a  considerable  extent  on  the  angle  at  which 
the  sash  and  glass  are  placed.  In  the  example  given  in  Fig.  125,  the  glass  surface  has  an  angle 
of  24  deg.  26  min.  12  sec.  with  the  verticjJ,  which  has  proven  entirely  satisfactory.  Then 
agam  the  lower  edge  of  sash  should  be  a  sufficient  distance  above  the  surface  of  trough  formed 
by  the  saw-tooths  over  the  main  supporting  girders,  ifco  prevent  leaks  from  occurring  when 
snow  18  banked  over  the  area.     All  troughs  should  be  arranged  for  proper  drainage. 

The  saw-tooth  roofs  shown  in  Fig.  125  are  supported  by  beams  R  and  iJl,  each  having  a  span 
of  49  ft.  6  in.  center  to  center  of  supports.  The  design  of  these  members  is  shown  in  Fig.  126. 
On  account  of  the  loads  from  the  8x8-in.  posts  being  distributed  through  the  11-in.  walls  to  the 
beams,  the  entire  dead  and  live  loads  were  considered  uniformly  distributed  when  deriving  the 
m^yiTn^im  positive  and  n^ative  'moments  for  three  spans. 

It  will  be  interesting  to  note  that  since  the  dead  load  of  the  construction  is  considerably 
greater  than  the  live  load  (in  this  case  approximately  three  times  the  live  load),  the  maximum 
positive  moment  at  the  center  of  interior  span  is  much  less  than  the  moment  obtained  by  f or- 

mula  M  =  -T^,     The  load  assumptions  used  in  the  design,  Fig.  126,  could  hardly  be  realized 

under  normal  conditions  for  a 
roof  subjected  only  to  strains 
occasioned  by  dead  load,  snow, 
wind,  and  water,  but  were  used 
and  moment  lines  plotted  ac- 
cordingly to  provide  a  more 
accurate  distribution  for  the 
steel  reinforcement  than  could 
be  obtained  by  the  approximate 
moment  assumptions  usually 
employed  in  the  design  of  im- 
portant members. 

The  design  of  long-span  continuous  members  frequently  requires  the  splicing  of  the  rein- 
forcing bars,  due  to  the  difficulty  of  securing  the  bar  length  desired  in  single  units.  In  the 
design  of  beams  R  and  R\y  Fig.  126,  the  bars  were  spliced  as  shown  at  points  where  the  moments 
would  permit.  Each  rod  spUce  was  secured  together  by  two  }^-in.  U-bolts,  which  proved  more 
practical  and  effective  in  this  instance  than  wire  of  small  gage. 

As  in  the  case  of  Beams  B  and  Bl,  Fig.  46,  p.  144,  the  reinforcing  bars  for  maximum  posi- 
tive and  n^ative  momeents  in  beams  R  and  Rl,  Fig.  126,  were  proportioned  for  moments 

M  »  -rgand  j^,  on  account  of  the  building  ordinance  requirements  which  had  to  be  complied 

with. 

To  insure  fireproofness  and  permanency,  saw-tooth  skylights  are  preferably  glazed  with 
K-iu.  wired  glass  securely  fastened  with  glazing  clips  in  metallic  frames.  Movable  sash  are 
mechanically  controlled  by  operating  devices. 

The  Unit  Construction  Co.  of  St.  Louis  has  developed  a  saw-tooth  roof  construction  using 
separately  molded  members.  Fig.  127  is  a  cross  section  of  this  ''Unit-bilt"  construction  show- 
ing the  typical  arrangement  of  the  pro-cast  units.  The  roof  portion  of  saw-tooth  at  its  lower  end 
rests  on  a  ledge  cast  in  the  main  supporting  girders,  and  the  upper  end  on  a  ledge  in  the  sky- 
light frame.  The  lower  end  of  frame  also  rests  on  a  ledge  in  the  girder.  Tie  beams  between 
the  girders  are  provided  to  make  a  rigid  construction  and  may  also  be  used  for  the  purpose  -of 
supporting  shafting  and  other  installations  if  desired. 

28 
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Fio.  127. — Crofls-aection  showing  tsrpical  arrangement  of  units  in 
sawtooth  construction,  Unit-biU  sjrstem. 
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FLAT  SLAB  CONSTRUCTION 
By  W.  Stuart  Tait 

89.  In  GeneraL — Flat  slab  construction  -consists  of  a  concrete  slab  of  practically  uniform 
thickness  so  designed  that  the  slab  carries  and  transfers  the  load  coming  upon  it  directly  to  the 
columns.  This  form  of  construction  has  become  very  widely  used  during  the  past  ten  years 
until  today  it  is  used  to  a  far  greater  extent  for  warehouse  and  manufacturing  buildings  than  all 
other  t3rpe8  of  concrete  construction.  It  is  also  used  in  railroad  track  elevation,  in  bridges, 
hoteb,  apartment  buildings,  and  offices. 

The  correct  method  of  design  for  this  type  of  concrete  construction  has  been  a  contentious 
point  among  eng^eers  for  a  number  of  years.  In  spite  of  a  lot  of  research  work,  flat  slab  con- 
struction must  still  be  classed  as  a  statically  indeterminate  structure.  The  methods  of  design 
now  in  general  use  must  be  considered  as  empirical  but  we  have  now  had  a  sufficiently  wide 
experience  with  their  application  to  be  certain  of  the  results  to  be  obtained. 

The  Joint  Committee  recently  adopted  a  ruling  for  the  design  of  flat  slab  construction  but 
this  ruling  will  not  be  treated  here  owing  to  the  fact  that  it  is  rather  too  flexible  to  be  considered 
as  a  design  method.  In  addition  to  this,  it  has  had  very  little  practical  application  and  results 
obtained  in  years  of  experience  with  other  rulings  do  not  justify  the  higher  moments  given  under 
the  Joint  Committee  report.  The  proposed  American  Concrete  Institute  ruling  agrees  closely 
with  many  building  codes  which  have  been  in  effect  for  a  number  of  years,  and  which  have  given 
highly  satisfactory  results.  The  A.C.I,  ruling,  however,  is  more  complete  than  any  city  code 
so  far  as  the  writer  is  aware  and  covers  more  completely  many  of  the  secondary  features  of  the 
design.  There  will  be  given  later  a  number  of  examples  of  the  different  forms  of  flat  slab  con- 
struction, fully  worked  out,  so  that  by  following  through  and  understanding  the  various  steps, 
an  engineer  will  have  no  difficulty  in  applying  any  of  the  various  city  codes  now  in  effect.  It  is 
almost  an  impossibility  to  cover  all  the  points  of  flat  slab  design  in  a  handbook  such  as  this, 
which  may  determine  the  difference  between  a  highly  satisfactory  structure  and  one  which  is 
simply  passable.  Furthermore,  long  experience  is  necessary  before  a  designer  may  be  able  to 
produce  the  most  economical  design  for  a  given  purpose.  It  is,  therefore,  desirable  to  have 
designs  of  this  class  prepared  by  an  engineer  who  has  had  wide  experience  in  flat  slab  construc- 
tion and  who  has  proved  by  the  satisfactory  structures  to  his  credit  that  he  is  an  authority  on 
the  subject. 

A  number  of  systems  of  flat  slab  construction  have  patented  features  which  may  or  may  not 
contribute  to  the  efficiency,  economy,  and  strength  of  a  design,  but  it  is  not  the  writer's  inten- 
tion to  elaborate  on  these  various  systems  but  rather  to  explain  and  show  examples  of  flat  slab 
design  which  can  be  taken  as  guides  by  practicing  engineers. 

In  multiple-story  warehouse  and  factory  construction  the  flat-slab  type  of  design  shows 
marked  economy  over  other  types  of  concrete  construction.  In  most  cases  too,  it  offers  many 
physical  advantages.  Its  execution  is  thoroughly  understood  by  the  greater  proportion  of  con- 
crete contractors  and,  owing  to  its  simpUcity,  good  construction  and  accurate  adherence  to  the 
designs  are  easily  obtained.  Designing  engineers  would  do  well  to  give  this  method  of  con- 
struction very  careful  consideration  before  deciding  upon  the  type  of  design  to  be  used  for  any 
building,  particularly  where  the  structure  has  large  floor  areas  with  fairly  regularly  spaced 
columns.  It  has  also  been  found  that  in  many  hotels,  offices,  and  apartment  buildings  where 
regular  column  spacing  can  be  obtained  and  in  which  spans  of  about  18  ft.  or  less  can  be  used, 
that  the  type  of  flat  slab  construction,  in  which  large  columns  without  any  projecting  capitals 
are  used,  offers  economy  and  some  advantages. 

90.  American  Concrete  Institute  Ruling. — The  diagram,  Fig.  128,  together  with  the  follow- 
ing notes,  is  a  summary  of  this  proposed  ruling.^  It  is  inserted  so  that  designers  may  easily 
follow  the  examples  worked  out  later.    The  general  notation  is  given  in  Appendix  A. 

>  While  the  following  matter  was  in  the  handa  of  the  printers,  some  slight  modificationB  to  thia  pr<:4>oMd  rufins 
were  made  at  the  1910  convention.     Tbeae  proposed  modifications  are  not  shown  in  this  chapter. 
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Slab  Thickness. — t  shall  not  be  less  than  0.02L\^  +  1  in.,  nor  less  than  L/32  for  floors  and 
L/40  for  roofs. 

Design  Momenls, — Numerical  sum  of  positive  and  negative  moments  shall  not  be  less  than 
0.09  wli  (It  —  qc)K  The  report  allows  a  slight  variation  in  the  distribution  of  this  total  mo- 
ment. A  reasonable  division  of  this  moment  in  percentage  is  shown  in  Fig.  128.  Note  that  a 
slightly  different  distribution  applies  in  the  case  of  drop  construction  from  that  in  cap  construc- 
tion. Corresponding  moments  shall  be  figured  at  right  angles  to  those  shown  in  Fig.  128. 
The  moments  shown  in  Fig.  128  are  calculated  for  a  value  of  the  cap  diameter  c  »  0.225L,  and 
are  for  interior  panels. 

For  exterior  panels  the  negative  moment  at  the  first  row  of  interior  columns  and  the  positive 
moments  at  the  center  of  the  exterior  panels  on  sections  parallel  to  the  wall  shall  be  increased 
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20%  over  those  specified  for  interior  panels.     The  negative  moment  at  the  exterior  colmnn 
parallel  to  the  wall  shall  not  be  less  than  50  %  of  that  for  the  interior  panel. 

Shear, — The  shearing  stress  which  is  used  as  a  measure  of  diagonal  tension  stress  is  calcu- 

0  25W 
lated  on  a  width  equal  to  L/2,  and  the  formula  used  in  this  calculation  is  t^  =     ...   for  cap  con- 

O.dOW 


struction,  and  v 


hjd 


for  drop  construction.     Punching  shear  at  the  edge  of  the  drop  and 


at  the  column  cap  is  calculated  by  multiplying  the  total  panel  load  occurring  outside  the  area 
under  consideration  by  1.25  and  dividing  this  load  by  the  perimeter  of  the  cap  (or  drop  as  the 
case  may  be)  and  by  d. 

Columns, — Both  interior  and  exterior  columns  shall  be  designed  for  bending.  The  moment 
in  a  column  shall  not  be  less  than  0.022t(7iZi  (Zt  —  qcy  where  w\  is  the  designed  live  load.  In  the 
ease  of  exterior  columns,  the  total  dead  and  live  load  {xv)  whould  be  used  in  the  above  formula 
instead  of  w\.  For  top  story  columns,  this  amount  is  all  applied  at  one  section  of  the  column. 
For  columns  continuous  through  the  story  above,  the  moknent  is  to  be  divided  between  the 
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mutt  be  provided  for.  Note  ptftioularly  that  the  A.  C.  I.  ruling  allows  an  extreme  fiber  stress  combining  direct 
load  and  bending  60  %  greater  than  the  direct  stress  allowed  for  columns.  While  no  ruling  or  ordinance  is  dis- 
tinct on  this  point,  it  is  the  writer's  opinion  that  in  designing  columns  for  direct  load  and  bending,  the  entire  concrete 
section  may  be  considered.  His  reason  for  this  is  the  fact  that  we  are  not  required  to  deduct  any  portion  of  the 
concrete  in  a  beam  in  designing  for  negative  bending  and  the  lower  side  of  a  beam  at  the  supports  is  just  as  liable  to 
damage  from  fire  as  is  the  column  it  rests  upon. 

92.  Bxample  of  Design — Cap  Construction,  Poor-way  Arrangement — In  the  previous 
example  the  design  was  accompanied  by  many  explanations  but  in  this  case  these  will  l>e 
eliminated,  as  they  would  simply  be  repetition.  Take  a  panel  20  X  22  ft.  for  a  live  load  of 
100  lb.  per  sq.ft.  with  a  maple  floor  finish  laid  on  sleepers  with  a  cinder  concrete  fill  between. 

Liveload>  100  «  -  0.02L\^  +  1  -  (0.02)(21)(V232)  +  1  -  7.4  in. 

Floor  finish  -    20  <  not  less  than  L/32  -  7.85  in. 

Dead  load  -  112  Column  cap  -  (0.225)(21)  -  4  ft.  9  in. 

10  -  232  lb. 
M  "  column  head  section  -  0.0286to{i  X  I<s  -  (0.0286) (232)  (20)  (22)*(12)  (in.4b.) 

^.       (0-0286)(232)(20)(22)«(12)        ._  _  ^       aon-r. 

^ (134)  (0.5)  (20)  (12) ^^'^'  ^  "  ^-^  "'• 

t  required  •  6.0  +  1  +  1  (4  layers  of  steel).     Use  9-in.  slab. 

d  at  column  head  section  —  0  —  2        ■>  7  in. 
d  at  mid-section  and  outer  section  —  9  —  1.25  •■  7.75  in. 
d  at  inner  section  -9  —  1.5    "7.5    in. 

**         u  •      I  0.25u>        (0.25) (232) (20) (22)       ,^  „ 

Max.  shear  at  column  ^ --^ (120)  (0.86)  (7)       "  ^^  ^^'  ^  •^-  ^• 

«...  *      I  (232)  (440  -  17.7)  (1.25)       „ ,. 

Punching  shear  at  column  — —         _  „ "  98  lb.  per  sq.  in. 

From  this  we  find  that  9-in.  slab  satisfies  the  shear  requirements. 

^      *      I          K     .i    ^-                            I         (0.0286)  (282)  (20)  (22) «(12)       _  ^.         . 
At  at  column  head  section  across  span  U ,-  oav/^o  /^wiw^x "  7.95  sq.  in. 

(U.oOA'^OiOUU;  \J) 

4      *      1          V     J       *•                            7         (0.0286)  (232)  (22)  (20) »(12)       _  _.         . 
At  at  column  head  section  across  span  li  —  ._  t,^.,.^  ^ww^x/.^ "  '^  sq.  in. 

VO.oO)  (lO,U0U)  {J) 

^      *      *  *•  ^      1        (0.0142) (232) (20) (22)«(12)       ««        .  ,o       xy  -  a    ^ 

At  at  outer  section  across  span  h  -  ,^   '   /»o  /^wi./t  .^ex —    «=  3.6  sq.  m.  -  18  —  H-m.  round  rods. 

v.U.oo^  (lo,OUU;  \4.io) 

^      *      *         -*•                            >        (0.0142) (232) (22) (20) «(12)       „„  ,^       iv-  j    ^    * 

A%  at  outer  section  across  span  h  —  /«  o1n/,o  r^^w^C/^  ^.n —    "  3.27  sq.  in.  •  17  —  H-in.  round  rods. 

QU.oO)  (,10,UUU)  \i.lO) 

.     ,.             ^i      u  ^UA'      *'              (0.0142((232)(21)(21)«(12)       ,  „        . 
At  at  mner  section  both  directions  ■■  .^  oa-.z-.a  /^n/^  »% ■■  3.53  sq.  in. 

A«  each  diagonial  band  -  -—z  »  2.52  «  13  —  H-iQ-  round  rods. 

1.4 

If  all  bars  are  bent  up  to  top  of  slab  at  column,  the  sted  we  have  available  across  span  h  ■■  3.6  +  3.53  ■>  7.13 
sq.  in.  The  steel  required  —  7.95  sq.  in.  We  must  therefore  provide  7.95  —  7.13  —  0.82  sq.  in.  or  4  —  H-in. 
round  bars  extra.  The  steel  available  across  h  »  3.27  +  3.53  *»  6.8  sq.  in.,  and  we  require  7.22  sq.  in.  We  must 
therefore  provide  in  this  direction  0.42  sq.  in.  For  the  sake  of  uniformity  we  will  add  4  —  H'in.  round  bars  in  each 
direction  and  these  bars  will  be  made  1 1  ft.  0  in.  in  length. 

The  exterior  panels  and  the  bending  moments  in  the  column  will  be  found  and  treated  in  a  manner  similar  to 
the  case  where  drop  construction  was  used.  It  must  be  borne  in  mind,  however,  that  the  bending  moment  at  the 
first  row  of  intoior  columns  will  have  to  be  increased  across  the  section  parallel  to  the  wall.  Since  we  must  main- 
tain the  same  thickness  of  slab,  namely,  9  in.,  it  will  be  necessary  to  introduce  compression  steel  in  this  direction 
provided  the  exterior  span  is  the  same  as  the  interior  It  is  convenient  where  the  layout  permits,  to  slightly  reduce 
the  exterior  span  so  that  the  moment  at  the  first  interior  column  head  section  is  the  same  as  the  others.  This  has 
been  done  in  Fig.  129  which  is  a  plan  of  this  design. 

98.  Bxample  of  Design  Where  Neither  Drop  nor  Cap  Are  Used. — It  will  have  been  noted 
that  a  smaller  percentage  of  the  total  bending  moment  was  used  at  the  column  head  section 
in  the  case  of  cap  construction  than  in  the  case  of  drop  construction.  This  is  on  account  of  the 
fact  that  drop  construction  is  slightly  stiffer  than  cap  construction  at  the  supports.  Now 
if  in  addition  we  eliminate  the  capital^  we  have  still  a  smaller  amount  of  stiffness  at  the  column 
section.  Accordingly,  a  slightly  smaller  percentage  of  the  total  moment  may  be  used  at  the 
column  head  section.  A  satisfactory  distribution  of  moments  for  the  four-way  arrangement 
is  shown  in  Fig.  128.  Square  columns  are  generally  used  in  this  design,  as  partitions  fit  up  to 
them  better  than  other  shapes.  The  writer  has  found  that  a  square  column  having  a  sixe  of 
O.ILL  usually  proves  economical  and  satisfactory.     The  bending  moment  coefficients  shown  in 
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Fig.  128  for  this  class  of  design  are  based  on  this  value.  Designers  will  find  it  economical  to 
maintain  the  same  size  of  columns  for  a  number  of  stories  in  this  design.  In  most  cases  of 
designs  of  this  class,  the  writer  has  maintained  one  sixe  of  column  throughout  the  structure, 
simply  varying  the  mix  and  steel  for  the  increased  loads.  Take  a  panel  16  ft.  square  for  a  live 
load  of  50  lb.  per  sq.ft.,  a  partition  load  of  25  lb.,  plaster  ceiling,  and  cement  finish  1)^  in.  thick, 

L/32  -  6^in. 

0.02L  Vw  +  1  -  6.36  in. 


live  load 

» 

50 

Partitions 

- 

26 

Phtfter  ceQing 

- 

8 

Cement  finish 

- 

18 

Dead  load  (7-in.  slab) 

- 

88 

189  lb. 

Minimam  column  aise  «  (0.11)(16)  -  20  in.  square.  We  will  use  22  in.  square  as  it  will  be  found  later  that  this 
sise  is  necessary  on  account  of  punching  shear. 

Fireproofing  below  steel  •■  1  in. 

Fireproofing  above  steel  ■■  H  in.  (Note  cement  finish  above  the  structural  slab). 

d  at  column  head  section  -  7-H-H  "6.76  in. 

d  at  outer  section  -  7-1-He  "  6.80  in. 

d  at  mid-section  -  7-H-He  -  6.30  in. 

d  at  inner  section  -  7-1-H  «  6. 62  in. 

Bi  -  column  head  section  -  0.0302to{i  X  <s> 

-  (0.0302)'189)(16)(16)*(12)  -  278,000  in.-lb. 

Had  this  design  been  for  cap  construction,  the  diameter  of  the  cap  would  have  been  about  0.226iL,  or  8.6  ft.,  and  b 
used  in  the  resistingmomeni  at  the  column  head  section  wiould  have  been  L/2,  or  8  ft.  In  this  case  we  have  a 
column  1.8  ft.  in  width  and  we  should  therefore  use  a  width  of  beam  «  8.00  —  (3.6  —  1.8)  -  6.2  ft.,  or  74  in. 
Another  good  rule  is  to  limit  b  to  the  width  of  the  column  i>Ius  81.    In  this  case  we  would  have  22  +  66-78 

278  000 
in.     In  this  case  we  will  use  the  smaller  value,  namely,  74  in.    At  the  column  head  section,  then  d*  *  n^^ujAs 

—  28.0  in.  and  d'—  6.28  in.,  so  the  7-in.  slab  assumed  above  is  satisfactory. 

^         ,      ,  0.26W       (0.26)  (189)  (16)  (16)        ,,  „ 

Shear  at  column  '  -^  '     (74)  (0.86)  (5. 75)      "  ^3  lb.  per  sq.  in. 

«.     u«       u            (189)(266  -  3)(1.26)       ,,„,.  , 

Punching  shear  -  (4)  (22)  (6.76) —    "  Per  sq.  in. 

The  7-in.  slab  is  satisfactory  for  shear. 

278  000 
A.  at  column  head  section  -  ^o.86)(16:00O)(6.76)    "  ^'^^  '^^  ^' 

A     ^      A    ^'  (0.091) (189) (16)«(12)       ^-^        .  a       «/;  .1.^ 

A.  at  midHMKJtion  -    (o.86)  (16.000)  (6.3)     "  ^'^^"^^  m.  -  9  -  «-m.  round  rods. 

^     *      *  *x  (0.182)(189)(16)»(12)       _,_        ,  -_       ,,  .  ._. 

A.  at  outer  section  -     (o.86)  (16,000)  (5.8)     "  ^^^  »<l.  in-  -  20  -  H-in.  round  rods. 

A    ^t  inn«r  «i«tlnn  -    (0182)  (189)  (16)1(12)   .  «  1ft  «,    in 

A.  at  mner  section  -    (0.86)  (16,000)  (6.62)    -  2.18  sq.  in. 

*    2  18 
At  each  diagonal  band  «  -7-7  ■■  1.66  sq.  in.  ■•  14  —  ^-in.  round  rods. 

1.4 

We  have  available  at  the  column  head  section,  2.12  +  2.18  -  4.30  sq.  in.,  where  we  require  3.62  sq.  in.  provided 
all  the  bars  are  raised  to  the  top  of  the  slab  at  the  column.  It  would  be  good  policy,  however,  to  run  the  excess 
steel,  i.e.,  4.30  —  3.62  >^  0.78  sq.  in.  or  7  —  H-in.  round  bars  in  the  direct  band,  through  in  the  bottom  of  the  slab 
and  raise  the  remaining  13  bars  at  the  oolunm. 

The  exterior  panel  may  be  designed  in  a  manner  similar  to  that  given  under  drop  construction.  In  this  case, 
as  in  the  case  of  cap  construction,  it  is  desirable  where  the  layout  permits  to  decrease  the  sise  of  the  exterior  panel. 
Unless  this  can  be  done  it  will  usually  be  necessary  to  determine  the  slab  thickness  by  using  the  bending  moment 
for  the  column  head  section  which  applies  to  the  first  interior  columns.  Where  relatively  thin  slabs  are  used,  as  in 
this  case,  compressive  reinforcement  to  provide  the  increased  resisting  moment  necessary  at  the  first  row  of  interior 
columns  is  very  inefildent.  In  the  above  case,  the  moment  at  the  first  tier  of  interior  columns  is  such  that  a  depth 
of  5.8  in.  is  required.  We  have  practically  this  depth  available  due  to  the  fact  that  punching  shear  governed  the 
slab  thickness.  In  cases  where  the  increased  moment  warrants  the  addition  of  compression  steel  or  increased  slab 
thickness  at  the  first  interior  tier,  increasing  the  slab  will  usually  be  found  to  be  the  most  economical.  Fig.  129  is  a 
plan  of  this  design. 

Other  arrangements  of  steel,  such  as  the  two-way  or  combinations  of  two  and  four-way.  should  be  treated  in  the 
same  mannjw  as  the  above    .Some  of  the  systems  of  reinforcing  prefer  slightly  different  distributions  of  the  total 
bending  moments  from  those  shown  in  Fig.  128.     The  distribution  shown  will,  however,  give  satisfactory  results. 
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94.  Construction  in  Which  Brick  Bearing  Walls  are  Used  Instead  of  Exterior  Columns. — 
This  class  of  support  for  flat  slab  construction  should  be  avoided  by  engineers  wherever  possible. 
In  the  case  of  relatively  short  spans  it  can  usually  be  relied  upon  to  give  satisfactory  results. 
Engineers  who  have  not  had  extensive  experience  in  the  design  of  flat  slab  construction  would, 
however,  be  wise  to  avoid  its  design.  Neither  the  Joint  Committee  nor  the  American  Concrete 
Institute  make  any  recommendations  covering  the  design  of  these  exterior  panels.  Flat  slab 
construction  relies  to  a  marked  extent  upon  the  stiffness  of  the  exterior  columns  to  prevent 
undue  deflection  in  the  exterior  panels.  If  brick  walls  are  used  for  the  exterior  support,  this 
restraining  action  is  practically  eliminated  and  the  slab  itself  must  therefore  be  stiffened  up. 
The  Chicago  Code  specifies  that  the  positive  moments  in  these  wall  panels  shall  be  increased  to 
50  %  in  excess  of  those  used  for  interior  panels — ^it  does  not,  however,  specify  that  the  slab 
thickness  must  be  increased.  The  Chicago  Code  formula  for  minimum  slab  thickness  is 
I  B  0.023LV^-  The  minimum  slab  thickness  used  for  wall  bearing  construction  should  be 
0.025L'v/i^  +  1,  where  L  is  in  feet  and  the  result  in  inches.  It  would  also  be  well  to  increase 
the  minimum  thickness  to  about  L/28  for  both  floors  and  roofs. 

PilAstera  with  substantial  corbels  on  line  with  the  interior  columns  should  be  used  in  the  wall.  The  total  pilaster 
and  wall  thickness  should  be  at  least  equal  to  the  minimum  sise  of  column  permitted  (L/12)  plus  4  in.  The  width 
of  pilaster  should  be  at  least  equal  to  the  thickness  of  the  wall  and  pilaster.  The  corbel  should  have  a  vertical 
depth  of  at  least  two  courses  before  the  offsets  begin.  The  corbel  projection  should  be  determined  in  the  same  way 
as  that  of  a  column  cap  for  the  same  length  of  span.  It  will  be  found  that  the  brick  wall  will  be  subjected  to  some 
bending  in  a  similar  manner  to  a  concrete  column.  The  amount  of  this  bending  will  probably  be  lees  than  that 
occurring  in  a  concrete  column.  It  is  well,  however,  to  make  an  investigation  of  the  stresses  occurring  in  the 
pilaster  by  combining  the  direct  load  with  the  bending  moment  given  previously  for  exterior  columns.  The 
pilaster  sise  used  should  be  such  that  little  or  no  tension  is  found  upon  combining  the  direct  load  and  bending,  and 
also  that  the  maximum  compression  is  within  that  allowable  upon  the  kind  of  brickwork  used. 

96.  Rectangular  Panels. — Flat  slab  construction  proves  most  economical  in  panels  which 
are  approximately  square  and  engineers  should  endeavor  to  make  their  layouts  accordingly. 
Most  codes  and  ruUngs  provide  that  the  methods  of  analysis  given  are  limited  to  panels  in 
which  the  long  side  is  not  greater  than  1.33  times  the  short  side.  It  has  been  the  writer's 
practice  in  cases  where  this  proportion  was  exceeded  to  a  slight  extent,  to  increase  the  length  of 
the  short  side  for  design  purposes  only  so  that  this  proportion  of  spans  was  maintained.  Thus, 
a  panel  20  X  28  ft.  would  be  treated  in  the  design  as  if  it  were  a  panel  21  X  28  ft.  It  wiU  be 
noted  by  referring  to  the  total  bending  moment  formula  given  previoiisly  that  the  moment 
in  any  band  is  a  fimction  of  the  total  panel  load  times  the  first  power  of  its  span.  This  form  of 
moment  equation  is  recommended  by  both  the  Joint  Committee  and  the  American  Conciete 
Institute.  In  some  of  the  older  building  codes  the  bending  moment  in  a  band  is  a  function  of 
the  load  per  square  foot  times  the  cube  of  the  span  of  the  band.  It  will  be  found  upon  examin- 
ing this  method  that  the  moment  in  a  band  running  in  the  long  direction  of  the  panel  is  exactly 
the  same  as  that  in  a  square  panel  of  the  same  span.  In  the  21  X  28-ft.  panel  referred  to 
above,  under  this  method  of  analysis,  we  would  have  the  same  moment  in  the  band  running 
in  the  28-ft.  direction  that  we  would  have  in  a  panel  28  X  28  ft.  This  is  obviously  incorrect 
for  the  width  of  the  panel  would  only  be  21  ft.  and  not  28  ft.  In  order  to  insure  that  suflScient 
reinforcement  is  introduced  in  the  short  span  direct  band,  the  code  usually  further  requires 
that  the  steel  in  that  direction  shall  not  be  less  than  75  %  of  the  steel  in  the  long  span  direction. 

Most  codes  and  rulings  allow  panels,  in  which  the  long  side  is  not  more  than  1.05  times  the  short  side,  to  be 
treated  as  square  panels  having  a  span  equal  to  the  mean  of  the  length  of  the  two  panel  sides. 

The  drop  panel  in  rectangular  panels  should  be  made  rectangular  since  with  this  arrangement  we  tend  to  stifTen 
up  the  slab  on  the  long  span.  Thus,  in  a  panel  21  X  28  ft.,  the  drop  panel  would  be  about  6  ft.  6  in.  X  8  ft.  8  in., 
the  width  and  length  both  being  directly  proportionate  to  the  width  and  length  of  the  panel. 

96.  Unequal  Adjoining  Spans. — In  flat  slab  construction,  as  in  any  form  of  design  where 
we  have  continuity  over  a  number  of  unequal  spans,  the  correct  bending  moments  must  be 
obtained  by  applying  the  Theorem  of  Three  Moments.  In  flat  slab  construction  since  the 
moments  used  are  empirical  we  cannot  apply  the  theorem  directly  but  must  increase  or  de- 
crease the  bending  moment  coefficients  used  for  equal  spans  by  applying  certain  factors  to 
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these  moments.    The  following  is  a  method  of  applying  the  Theorem  of  Three  Moments  and 
obtaining  the  factors  referred  to  for  the  case  shown  in  Fig.  130. 

In  thk  layout  we  have  a  series  of  panels  20  ft.  in  length  and  varying  from  16  to  25  ft.  in  width.  While  the 
arrangement  is  somewhat  irregular,  it  will  be  noted  that  the  length  of  the  panels  is  in  no  case  greater  than  1.33  times 
the  breadth.  We  will  assume  that  drop  construction  is  to  be  used  and  that  the  column  caps  are  0.225L  in  diameter. 
The  bending  moment  ooeflScient  for  uniform  spans,  then,  will  be  as  shown  in  Fig.  128.     As  explained  previously 


Af  I  ■"  H<Af  for  interior  column  head  section 

-  COieSujii  X  It*  -  (0.0168)(»r)(X)(ri)« 
or  per  foot  of  width  -  O.OlQwTi* 


(1) 


'    >?    \      %      T   a   r    %    f    K 

* — 5 1 5 1_5 J, It i £ 


Pia.  130. 


Now  applying  Clapeyron's  theorem,  we  have 
MxTx-\-  2Mt{Ti  +  Tt)  +  MiTt  - 

MtTi  +  2jif,cr,  +  ro  +  M»T»~ 

MzTz  +  2Ma{Tz  +  Ti)  +  MaTa 


M*T4  +  2Mi{TA  +  Tt)  +  Af»r» 


4 
-tr(r,»  +  Tt*) 


-w(Tt*  +  T**) 


-w(T4*  4-  Ti*) 


(2) 
(3) 

<i) 
(5) 


Now  substituting  in  these  equations  for  Ti,  Tt,  etc.,  we  have  values  per  foot  width  in  the  direction  of  span  X  as 
follows: 

Equation  (1)  becomes  Afi  «-  —        4.3u; 

(2)  becomes  82Mt  +  25Mt  -  -  4861 .  9w 

(3)  becomes  25Afi  +  823fs  +  16Ai  4  "  -  4930. 2u; 

(4)  becomes  16if«  +  723f 4  +  203^4  -  -  3024     to 


(5)  becomes  20Af  4  +  883f  ■ 

Solving  these  simultaneous  equations: 

If  -  -  4.3u> 
Af  J  -  -  46. 8w 
Af  I  "  -  41uj 

Now  find  the  positive  moments  Ni,  Nt,  etc.,  as  follows: 


-  3024     w 

Af 4  -  -  24. 9w 
Af  I  -  -  28.6u> 


iSr«  -  -  0.96to 


Akt 


Nt 


6.47u» 
34.23W 


Na 

Ni 


23.25t0 
3.40tc 


The  quantities  Af  1,  Aft,  etc.,  and  Ni,  Nt,  etc.,  are  the  bending  moments  per  foot  of  width  at  their  respective  points 
shown  in  the  diagram  and  are  for  one-way  construction.  Now,  if  we  obtain  a  value  for  Ni  similarly  to  the  above 
bat  for  a  series  of  spans  equal  to  Ti,  and  also  a  value  for  Nt  for  a  series  of  spans  Tt,  etc.,  and  designate  these  values 
by  Qi,  Qt,  etc.,  we  can  by  dividing  Ni  by  Qi,  Nt  by  Qt,  etc..  obtain  factors  Ct,  C*,  etc.,  which  are  the  coefficients 
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cirinc  the  influence  of  the  adjoining  unequal  spans  upon  the  bending  moments  for  equal  spans.  By  solving  equa- 
tions (1)  to  (5)  for  equal  spans  and  writing  Qi,  Qt,  etc.,  for  Ni,  Nt,  etc.,  we  find 

Qi  -  0 .066toTi*  -  0 .06610  X  16>  -  16 .9w 
Qt  -  0  O35t0rt>  -  0.035to  X  25<  -  31 .810 
Qt  -  0.043wra*  -  O.O43i0  X  16*  -  11  .Oio 
Qa  -  O.O41t0r4>  -  O.O41t0  X  20s  -  16.410 
Qi  -  0.0421071*  -  0.04210  X  16<  -  10. 810 

XT  —   /v         -^i       6.47i0      -  ^OA 
Now    Ct  -  77  -  rr-T-  -0.384 
Qi       I6.O10 

-        Nt       34.2310        ,  _. 

^*  -  q;  -  ^n;;  -  ^-^ 

C.  .  ^  .   ZO^  .  .  0.09 

Qt  II.O10 

w   .  AT*       23^ 

Ci.  -  :^'  -  i:lH.  _  0.315 
Qt       10.810 

By  means  (^  these  coefficients  we  may  determine  the  correct  moments  across  the  spans  Ti,  Ts,  etc.,  tor  the  inner  and 
outer  sections.     Take  the  outer  section  in  span  Ti,     By  referring  to  Fig.  128  we  find  that  on  this  section 

M  -  O.OII810I1M,  which  in  this  case 

M  O.O118t0jrri>  X  1 .2  for  an  exterior  panel  with  equal  spans  adjoining. 

-  0.0118u;JCri«  X  Cj  X  1 .2  for  unequal  panels. 

-  (0.01 18) (10)  (20)  (16) «(0.384)  (1.2)  in  this  case.  (ft.-lb.) 

Similarly  across  Ts  we  find  in  this  ease 

Af-  (O.O118)(i0)(2O)(25)«(1.57)  (ft.-lb.) 

and  across  T$  we  find 

M  -  (O.O118)(i0)(2O)(16)«(-  0.09)  '(ft.-lb.) 

Note  particularly  that  the  coefficient  C«  is  negative  and  that  in  consequence  we  have  a  negative  moment  at  the  inner 
and  outer  sections  acrobS  Tt. 

The  Theorem  of  Three  Moments  assumes  knife  edge  supports  at  the  columns.  While  this  is  not  strictly  correct 
the  assumption  will  give  slightly  higher  moments  in  the  slab  on  the  side  of  the  column  adjoining  the  short  span  than 
actually  occur.     The  bending  moment  occurring  in  the  column  will  be  taken  up  later. 

We  previously  found  numerical  values  for  Af  1,  Mt,  etc.  f of  the  negative  moments,  considering  one-way  conirtnir- 
tion  for  the  arrangement  of  spans  shown.  By  solving  equations  (1)  to  (6)  we  may  also  obtain  numerical  value  for 
these  moments  for  a  series  of  equal  spans.  For  these  negative  moments  we  will  write  Pi,  Ps,  etc.  Then  by  dividing 
Af  1  by  Pi,  Mt  by  Pt,  etc.,  we  will  obtain  coefficients  Ci,  C«,  etc.,  whicn  are  measures  of  the  influence  of  the  unequal 
spans  upon  the  negative  moments. 

In  obtaining  the  numerical  values  of  Aft  and  Ps,  it  is  immateriiJ  whether  we  use  the  span  length  of  Ti  or  Tt, 
provided  in  our  calculations  for  the  moments  occurring  in  the  construction,  we  use  the  same  value  for  It  in  the 
equation  Af  -  O.O336i02i{s*. 

Tlie  best  method  is  to  use  in  all  calculations  a  span  equal  to  the  mean  of  the  spans  adjoining  the  column  at  which 

the  negative  momeiit  is  being  calculated. 

The  moment  Af  1  is  not  effected  by  the  unequal  span  arrangement  and  in  consequence  Ci  is  unity. 

Ti  +  Ti               Tt  +  T» 
Solving  equations  (1)  to  (6)  for  a  series  of  spans  of g '**'  ^*' 2 ^^^  '***  ***'"  ^®  ^^^ 

Pi  -  -  O.O168t0ri«  -  (  -  0.0168)(ir)(16)«  -  -  4.3i0 

P«  -  -  O.IOI10  (p-^-^y  -  (-  O.lOl)(i0)(2O.6)«  -  -  42.510 

Pi  -  -  0.07910  (^*  2  ^*y  -  (-  0.079)(ir)(20.6)«  -  -  33.3t0 

P4  -  -  O.O85t0  (p-Y^y  ■  ("  0.085) (w) (18)*  -  -  27.5i0 

Pi  -  -  0.083tp  (p-Y^y  -  -  (0.083) (10) (i8)«  -  -  26.9i0 

Ci  -  ^  -  ^4t^  -  1  C.  -  1.23 

Pi        —  4.3i0 

Mt       -  46.8u>  Ct  -  0.9 

^*  "   Pt"  -  42.610  "  C»    -1.06 

By  means  of  these  coefficients  vve  may  determine  the  correct  moments  at  the  column  head  and  mid-sections  acroea 
the  series  of  spans  Ti,  Tt,  etc.  Take  the  column  head  section  between  spans  Ti  and  Tt.  By  referring  to  Fig.  128 
we  find  that  on  this  section 

M  —  O.O336t0li2t*  which  in  this  case 

-  (0.0336) (10) (X)  (^'  2  ^^y  ^  ^'^  '**'  "*  exterior  panel  with  spans  (    '  ^     *) 
adjoining. 

-  (0.0336)  (10) (X)  (^*  2  ^0'  ^  ^'^  ^  ^*  ^^^  unequal  spans 

-  (0.0336)  (10)  (20)  (20.5)  *(l-2)  (1. 1)  in  this  case.  (ft.-lb.) 
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Similarly  at  column  bead  section  between  bpan  Tt  and  Ts*  we  have  in  this  case 

M  -  (0.0336)(to)(20)(20.5)«(1.23)  (ft.-lb.) 

Proceeding  as  above,  the  moments  occurring  in  the  slab  at  all  sections  across  the  span  Ti,  Tt,  T»,  etc.,  may  be  de- 
termined. The  moments  at  right  angles  to  these  will  be  entirely  unaffected  by  the  inequality  of  the  spans  7i, 
Tt,  etc.  and  may  be  obtained  in  the  usual  manner.  The  design  may  then  be  treated  in  the  usual  way.  For  the  sake 
of  uniformity  in  the  construction,  the  maximum  slab  and  drop  thickness  should  be  determined  for  the  worst  cases 
of  bending  moment  and  i>anel  sise,  and  these  thicknesses  allowed  to  govern  in  ail  oases.  The  dimensions  of  the 
drops  will  be  laid  out  from  the  column  center  lines  in  each  direction  and  the  projection  from  these  center  lines  made 
the  same  proportion  of  the  span  in  which  each  part  of  the  drop  occurs. 

In  this  analysis  it  wiU  probably  be  found  that  the  moment  at  the  inner  section  across  the  spans  Ti,  Tt,  etc.,  is 
not  the  same  as  that  found  across  the  span  X.  In  two-way  construction,  then,  the  steel  in  these  two  sections  will 
vary.  In  four-way  construction  the  steel  used  in  each  diagonal  band  in  a  rectangular  panel  should  be  the  same. 
The  designer  will,  therefore,  take  the  mean  of  the  two  bending  moments  obtained  across  the  inner  sections  in  cal- 
culating the  steel  required  in  each  diagonal  band. 

By  f(Jlowing  the  methods  of  examples  given  above,  all  of  the  moments  across  the  spans  Tu  Tt,  etc.,  can  be 
found  without  doubt  arising  in  the  designer's  mind.  For  the  sake  of  entire  clearness,  a  few  examples  of  the  method 
of  obtaining  the  moments  across  the  spans  X  will  be  given.  Take  the  moment  Si  as  indicated  in  Fig.  130.  This 
moment  is  made  up  of  the  moments  in  two  half  outer  sections,  in  one  case  the  panel  width  being  25  ft.  and  in  the 
other  16  ft. — the  span  in  both  cases  being  20  ft.  Assuming  the  same  column  capital  proportion  shown  in  Fig.  128, 
we  have  for  drop  construction  M  for  half  outer  section  -  0.050ioIiZ*s.     In  this  case 

5i  -  (0.059)(u>)(ri)(X)>  +  (0.069)(ti>)(r»)(X)« 
-  0.059wXHTi  +  Tt) 

Similarly  St  -  0.118wX«(— ^-~ — ^),  Si  -  0.l29tDTtX*,  and  54  -  0A29wTtX*.     The  negative  moments  at  the 

column  head  and  mid-eections  may  be  found  in  the  same  manner. 

The  analysis  given  above  assumes  knife  edge  supports  as  stated  previously.  This  means  that  if  we  have  imiform 
loading  throughout  the  structure,  there  will  be  no  bending  in  the  columns.  This  is  not  strictly  true,  but  the  de- 
parture of  the  moments  obtained  under  this  method  of  analysis  from  the  precise  moments  is  not  sufficient  to  warrant 
the  application  of  the  extremely  laborious  calculation  necessary  if  the  method  or  slopes  and  deflections  were  to  be 
applied.  The  bending  occurring  in  any  interior  column,  then,  will  be  that  due  to  any  entire  panel  being  unloaded 
while  the  adjacent  panel  is  loaded  fully.  For  equal  adjoining  spans  the  A.  C.  I.  recommends  the  use  of  the  for- 
mula 

Af  -  0.022wihaa  -  «c)« 

where  wi  is  the  live  load  per  square  foot.  Where  unequal  adjoining  panels  occur,  the  dead  load  moments  at  the 
column  do  not  cancel  each  other.  In  this  case,  therefore,  the  moment  in  the  column  between  spans  Ti  and  Tt  would 
become 

M  =  0.022wXiTt  -  qc)*  -  0.022DXiTi  -  qc)H 

where  D  is  the  dead  load  per  square  foot  of  the  structure. 

The  moment  in  the  exterior  column  will  be  found  in  the  usual  way. 

97.  Openings. — Providing  for  openings  is  one  of  the  places  where  the  designer's  judgment 
and  experience  come  into  play.  In  general,  small  openings  may  be  placed  in  the  slab  in  the 
regions  of  the  outer  and  inner  sections  without  varying  the  design  in  any  way.  The  same  open- 
ing, however,  could  not  in  most  cases  be  introduced  within  the  area  occupied  by  the  drop  panel 
without  making  special  provisions  in  the  design.  Circular  openings  of  reasonable  diameter 
may  be  carried  through  the  column  capital  at  the  location  of  sprinkler  risers,  downspouts,  etc., 
without  damage.  No  definite  rules  about  relatively  small  openings  can  be  laid  down;  it  is  all 
a  matter  of  judgment  and  experience. 

98.  Use  of  Beams. — Where  large  openings  occur  in  a  flat-slab  floor,  beams  must  be  used. 
In  some  cases  also  where  heavy  concentrated  loads  occur  it  is  advisable  to  introduce  beams. 
Beams  aroimd  openings  must  be  designed  to  carry  the  loads  coming  upon  them  and  in  addition 
a  portion  of  floor  adjoining.  The  width  of  the  floor  strip  to  be  used  cannot  be  governed  by 
definite  rules.  The  engineer's  judgment  and  experience  must  be  relied  upon  in  this.  Where- 
ever  possible,  it  is  desirous  to  use  broad  flat  beams  of  depth  equal  to  the  depth  of  the  slab  and 
drop  panel.  Some  city  codes  require  that  spandrel  beams  be  designed  to  carry  a  portion  of 
the  floor  load  in  addition  to  the  weight  of  the  brick  spandrel.  Since  the  spandrel  beam  is 
usually  much  stiffer  than  the  adjoining  slab,  it  is  true  that  a  portion  of  the  floor  load  will  be 
carried  by  the  beam.  The  only  live  load  falling  upon  the  spandrel  beam  is  that  coming  from 
the  narrow  strip  of  floor  which  is  carried  by  the  beam.  This  is  generally  a  small  proportion 
of  the  total  load  on  the  beam.     Since  the  load  is  practically  all  dead  and  is  imiformly  distri- 
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WL 
buted,  the  positive  moment  for  an  interior  beam  approaches  -^'     We  are  bound  by  code, 

WL 

however,  to  figure  for  -jk"'  which  is  ahnost  twice  as  much.     Under  these  conditions,  then,  it  is 

satisfactory  to  design  spandrel  beams  to  carry  the  wall  load  only. 

99.  Capitals  at  Exterior  Columns. — Exterior  columns  are  usually  square  or  rectangular 
and,  in  place  of  the  usual  half  capital,  a  bracket,  the  width  of  the  column,  is  used.  This  is 
good  and  safe  practice  where  reasonably  large  spandrel  beams  are  used.  Where  no  spandrel 
beams  are  used,  or  where  they  are  relatively  thin  or  shallow,  the  full  half  column  capital  should 
be  lused. 

100.  Drop  at  Exterior  Column. — A  half  drop  panel  should  be  used  at  the  exterior  column 
in  practically  a^  cases  where  drop  construction  is  used  at  the  interior  columns. 

101.  Omission  of  Spandrel  Beams. — In  particular  cases  as  in  cold  storage  buildings,  where 
the  enclosing  walls  are  buUt  as  independent  structures,  no  spanderl  beams  need  be  used.  In 
some  other  cases  the  beam  may  be  upturned  above  the  ceiling  either  forming  a  concrete  spandrel 
or  carrying  a  brick  spandrel.  In  factory,  construction  it  will  usually  be  found  that  a  beam 
having  a  depth  equal  to  the  depth  of  the  slab  plus  the  drop  will  be  sufficient,  and  in  other  cases 
where  cap  construction  is  used  the  slab  alone  may  be  of  sufficient  depth. 

102.  Narrow  Buildings. — The  bending  moments  given  in  the  A.C.I.  proposed. ruling  are 
for  structures  over  three  spans  in  width.  For  structures  of  less  width  the  moments  should  be 
increased  by  factors  obtained  by  comparing  the  actual  negative  and  positive  moments  applying 
in  one-way  construction  with  those  occurring  in  an  interior  span. 

108.  Minimiim  Column  Size. — Neither  the  Joint  Committee  nor  the  A.C.I,  rulings  provide 
a  minimum  column  size  as  a  function  of  the  span.  It  will  be  usually  found  that  if  the  bending 
moments  specified  for  columns  are  provided  for  that  a  column  having  a  diameter  or  least  size 
of  L/12  is  required.  It  is  good  practice  in  any  case,  however,  to  limit  the  minimum  column 
size  to  L/12. 

104.  Width  of  Bands. — In  four-way  construction  the  widths  of  the  bands  of  steel  are 
usually  made  0.4L.  In  rectangular  panels  where  the  width  is  much  less  than  the  length  of  the 
panel,  the  band  widths  should  be  made  proportionate  to  the  width  of  the  panel  and  not  a 
proportion  of  the  span  of  the  band.  Thus  in  a  panel  20  X  24  ft.  the  bands  spanning  the  24 
direction  should  be  8  ft.  wide.  In  two-way  construction,  the  bands  are  made  0.5L  in  width 
with  the  same  provision  as  above  for  rectangular  panels. 

105.  Kinds  of  Bars  to  Use. — Either  deformed  or  plain  bars  may  be  used  but  the  use  of 
square  twisted  bars  should  be  entirely  avoided.  A  round  bar  is  better  than  a  square  for  the 
reason  that  it  packs  better  at  the  column  and  also  that  the  concrete  will  flow  round  the  inter- 
secting bars  more  completely. 

106.  Construction  Notes. 

106a.  Pouring  Columns  and  Slabs. — If  it  is  convenient,  it  i^  well  to  pour  the 
columns  including  the  capital  up  to  the  underside  of  the  drop  or  slab  before  placing  the  slab 
steel.  If  the  columns  are  to  be  poured  after  the  slab  steel  is  in  place,  they  should  be  filled  up 
to  the  top  of  the  capital  and  allowed  to  set  for  about  two  hours  before  the  slab  above  is  placed. 

106&.  Construction  Joints. — Construction  joints  should  be  made  at  the  center 
of  the  span  in  all  cases.  Bulkheads  should  be  set  up  to  form  vertical  joints  in  these  locations 
and  any  concrete  which  has  passed  under  the  bulkhead  running  out  to  a  feather  edge  should 
be  carefully  removed  before  pouring  the  next  section. 

106c.  Supporting  and  Securing  Steel. — At  the  center  of  the  span  the  steel  should 
be  held  securely  in  place  at  the  correct  distance  above  the  forms  by  means  of  one  of  the  many 
devices  of  this  nature  now  on  the  market.  The  device  used  should  be  in  one  piece  for  each 
band  so  that  the  bars  may  be  securely  held  to  an  accurate  spacing.  Two  of  these  spacing  bars 
should  be  used  on  each  band  of  steel  in  the  region  of  the  mid  span.  At  the  column  head, 
spacing  bars  are  not  necessary  but  substantial  supporting  bars  should  be  used.  The  bars  must 
be  supported  at  the  correct  distance  above  the  form  work  and  while  many  metal  devices  for  this 
purpose  have  been  placed  on  the  market,  a  concrete  block  about  3  in.  square  serves  this  pur- 
pose in  the  most  satisfactory  manner.     The  supporting  bars  are  placed  just  outside  the  drop 
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panel  and  are  carried  on  three  of  these  blocks.  The  blocks  should  have  the  wires  imbedded  in 
the  top  to  wire  down  the  supporting  bars.  For  supporting  bars,  5^-in.  rounds  may  be  used 
for  spans  up  to  20  ft.,  ^-in.  bars  for  spans  between  20  and  25  ft.,  and  yi-in,  bars  for  spans 
between  25  and  30  ft.  One  more  block  about  K-hi.  higher  than  those  imder  the  supporting 
bars  should  be  used  at  the  middle  of  the  other  sides  of  the  drop  panel  allowing  the  slab  steel  to 
rest  directly  upon  it.  The  steel  in  the  midnsection  should  be  securely  supported  in  a  manner 
similar  to  the  steel  at  the  column  head  section. 

106(2.  Placing  Steel. — The  A. C.I.  gives  a  formula  for  the  distance  from  the 
column  center  line  to  the  point  of  inflection  as  3^  (Is  —  qc)  +  K^c  for  cap  construction  and  a 
distance  equal  to  }ri{lt  —  qc)  +  ^iqc  for  drop  construction.  In  a  square  panel  in  which  the 
diameter  of  column  cap  is  0.225L,  these  distances  become  0.25Zi  and  0.3^  respectively.  The 
steel  should  bend  down  to  the  bottom  of  the  slab  in  approximately  these  locations.  It  is  essen- 
tial for  good  construction  that  the  negative  reinforcement  be  securely  supported  with  the  mini- 
mum cover  allowed  in  the  upper  part  of  the  slab  and  be  carried  out  parallel  to  the  top  of  the 
slab  to  approximately  the  line  of  inflexion.  Arrangements  of  steel  in  which  the  reinforcement 
droops  away  from  the  top  of  the  slab  and  is  some  distance  below  the  top  in  the  region  of  the 
line  of  inflexion  will  lead  to  unsatisfactory  results. 

1066.  Floor  Finish. — Satisfactory  results  from  a  structural  point  of  view  can 
be  obtained  by  either  applying  the  floor  finish  \vith  the  slab  or  applying  it  after  the  main  slab  has 
set.  In  general,  however,  the  best  and  most  economical  results  can  be  obtained  by  finishing 
the  structural  slab  with. a  mixture  of  the  same  mortar  proportions  as  used  in  the  slab,  before 
the  slab  has  set. 

106/.  Future  Extensions. — Future  extensions  can  be  provided  for  by  introducing 
a  spandrel  beam  along  the  side  to  be  extended  and  leaving  in  the  upper  part  of  the  beam  a  seat 
about  6  in.  in  width  to  receive  the  new  slab.  Sufficient  steel  should  be  left  projecting  in  the  top 
of  the  slab  to  satisfy  the  moments  lit  the  column  head  and  mid-sections.  This  steel  should  be 
structural  grade  material.  It  should  project  beyond  the  edge  of  the  slab  about  80  diameters 
for  bond.  After  the  concrete  in  the  first  portion  of  the  building  has  set,  the  steel  may  be  bent 
up  and  enclosed  in  the  spandrel  wall.  The  usual  couumn  capital  should  be  built  on  the  columns 
projecting  out  for  the  future  extension  and  these  capitals  should  be  reinforced  with  bracket 
bars.  This  is  not  an  entirely  satisfactory  method  of  providing  for  future  extensions.  A  far 
better  method  is  to  build  the  foundation  only  to  allow  for  future  extension  and  construct  new 
independent  columns  to  support  the  extension  later  allowing  the  existing  columns  to  remain 
supporting  the  original  structure. 

Flat-slab  Floors — American  Concrete  Institute  Ruling 

/,  =»  16,000;  /e  for  positive  moment  =  650;  fe  for  negative  moment  =  750.    (See  Fig.  128  for 

distribution  of  moments) 
Interior  panel — Superimposed  load  100  lb.  per  sq.  ft. 


Panel  slse 

(feet) 

• 

Capital 
diam- 
eter 

Size  of  drop 
panel 

Depth 
of    slab 
Cinches) 

Depth 
of  drop 
(inches) 

Concrete 

in  cubic 

feet  per  sq. 

ft. 

Steel  in  each  band 

Steel  in. 

Ib.per  sq. 

ft. 

Direct 
(inches) 

Diagonal 
(inches) 

Across 

direct 

(inclws) 

10X16 

17X17 

18X18 

19X19 

30X20 

21X21 

<  22X22 

^23X23 

24X24 

2SX25 

26X26 

3'6" 
8'9" 
4'0" 
4'3" 
4'6" 
4'9" 
5'0" 
6'3" 
6'6" 
6'9" 
6'0" 

4'10"X4'10" 
5'  2"X5'  2" 
y  6"X5'  6" 
5'  8"X6'  8" 

6'  o^'xe'  0" 

6'  4"X6'  4" 
6'  8"X6'  8" 
T  0"X7'  0" 
T  4"xr  4" 
r  6"X7'  6" 
7'10"X7'10" 

6 

6H 

6« 

7>i 

7M 
8 

8K 

8^ 
9 

9H 
9^ 

2K 
2>i 
2H 
2M 
2fi 
2^ 

3H 
3H 
3H 
3^i 

0.52 

0.56 

0.58      • 

0.62 

0.65 

0.69 

0.71 

0.76 

0.78 

0.82 

0.84 

14-^0 

16-?^  0 
18-^0 

21-H* 
13-H* 
15-H* 
16-H^ 
18-H* 
20-M* 
22-M0 
24-H^ 

11-H^ 
13-M* 
15-^0 

16-H^ 
li-H* 
12-H* 
13-M0 
14-M0 
16-M* 
18-M« 

19-H0 

8-^^ 

9-^0 

10-^^ 

7-M0 
8-H0 
9-H0 
10-H* 
ll-H* 
12-H* 
13->i^ 

1.88 
2.00 
2.12 
2.22 
2.42 
2.58 
2.67 
2.77 
2.95 
3  14 
3.27 
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Interior  panel — Superimposed  load  150  lb.-  per  sq.  ft. 


Panel  siie 
(feet) 

Capital 
diam- 
eter 

Sise  of  drop 
panel 

Depth 
of  slab 
(inches) 

Depth 
of   drop 
(inches) 

Concrete 

in  cubic 

feet  per  sq. 

ft. 

Steel  in  each  band 

Steel     in 

Ib.persq. 

ft. 

Direct 

(inches) 

Diagonal 
(inches) 

Across 

direct 

(inches) 

16X16 

3'6" 

4' 10"  X  4' 10" 

6 

2^4 

0  52 

18-H* 

15-H0 

lO-«0 

2.42 

17X17 

3'9" 

5'  2"X5'  2" 

6H 

2H 

0.56 

20-H^ 

16-H* 

11-^* 

2.46 

18X18 

4'0" 

5'  6"X5'  6" 

6^ 

3K 

0.59 

17-Hs* 

14-Hs^ 

10-H«* 

2.70 

19X19 

4'3" 

6'  8"X6'  8" 

7K 

3K 

0.63 

19-H6^ 

15-Hs* 

10-Ke* 

2.76 

20X20 

4'6" 

6'  0"X6'  0" 

7H 

3H 

0.65 

17-H* 

13-H^ 

9-H^ 

2.98 

21X21 

4'9" 

6'  4"X6'  4" 

8 

3H 

0.69 

18-H* 

15-H* 

10-H* 

3.16 

22X22 

6'0" 

6'  8"X6'  8" 

8>i 

4 

0.72 

20-H* 

17-H0 

11-H^ 

3.36 

23X23 

6'3" 

r  o"xr  0" 

8fi 

4 

0.76 

22-H<t> 

18-H* 

12-H* 

3.43 

24X24 

6'6" 

7'  4"X7'  4" 

9 

4H 

0.78 

24-H* 

20-H* 

14-H* 

3.63 

25X25 

6'9" 

7'  6"X7'  6" 

9H 

4H 

0.83 

27-^^ 

22-H^ 

15-H* 

3.84 

26X26 

6'0" 

7'10"X7'10" 

9fi 

4H 

0.85 

30-H^ 

24-H* 

16-H* 

4.05 

Interior  panel — Superimposed  load  200  lb.  per  sq.  ft. 


Panel  size 

(feet) 

Capital 
diam- 
eter 

Sixe  of  drop 
panel 

Depth 
of    slab 
(inches) 

Depth 
of   drop 
(inches) 

Concrete 

in  cubic 

feet  per  sq. 

ft. 

Steel  in  each  band 

Steel     in 

lb. per  sq. 

ft. 

Direct 
(inches) 

Diagonal 
(inches) 

AcroM 

direct 

( inches) 

16X16 
17X17 
18X18 
19X19 
20X20 
21X21 
22X22 
23X23 
24X24 
25X26 
26X26     • 

3'6" 
3'9" 
4'0" 
4'3" 
4'6" 
4'9" 
6'0" 
5'3" 
5'6" 
5'9" 
6'0" 

4'10"X4'10" 
5'  2"X5'  2" 
5'  6"X6'  6" 
y  8"X5'  8" 
6'  0"X6'  0" 
6'  4"X6'  4" 
6'  8"X6'  8" 
7'  0"X7'  0" 
r  4"X7'  4" 
7'  6" XT  6" 
7'10"X7'10" 

6H 
6^ 

8 

9H 
10 

lOH 

3 
3H 

SH 

4 

4 

4H 

4M 

5 

5 

5K 

0.57 
0.69 
0.63 
0.66 
0.70 
0.72 
0.76 
0.81 
0.83 
0.87 
0.92 

W-H4> 

24'H4» 

19-He* 

22-^6* 

19-M* 

21-H^ 

23-H^ 

25-M* 

28-M* 

30-H* 

33-M* 

17-H^ 

19-H* 

16-H6 

18-Hs* 

15-H0 

17-H* 

19-H* 

20-H* 

23-H* 

24-H0 

27'H<I, 

13-H^ 

ll.He** 

12-He* 

10-H* 

12-H* 

13-H^ 

14-H^ 

16-H^ 

17-H^ 

18-H^ 

2  70 
2.90 

3  03 
3.22 
3.36 
3.60 
3.79 
3.85 
4.15 
4.22 
4.50 

Interior  panel — Superimposed  load  250  lb.  per  sq.  ft. 


Panel  sise 
(feet) 

Capital 
diam- 
eter 

Sise  of  drop 
panel 

Depth 
of    slab 
(inches) 

Depth 
of  drop 
(inches) 

Concrete 

in  cubic 

feet  per  sq. 

ft. 

Steel  in  each  band 

Steel  in 

lb.  per  sq. 

ft. 

Direct 
(inches) 

Diagonal 
(inches) 

Across 
direct- 

(inches) 

16X16    . 

17X17 

18X18 

19X19 

20X20 

21X21 

22X22 

23X23 

24X24 

25X25 

26X26 

3'6" 
3'9" 
4'0" 
4'3" 
4'6" 
4'9" 
5'0" 
5'3" 
5'6" 
6'9" 
6'0" 

4'10"X4'10" 
5'  2"X5'  2" 
5'  6"X6'  6" 
6'  8"X5'  8" 
6'  0"X6'  0" 
6'  4"X6'  4" 
6'  8"X6'  8" 
7'  0"X7'  0" 
7'  4"xr  4" 

7'  6"X7'  6" 
7'10"X7'10" 

7 
7H 

7?i 
8H 
8H 
9 

9H 
10 

lOH 
11 

ii>i 

3H 
3H 
4 

4K 

4H 

4H 

4^ 

5 

5 

5Vi 

5?i 

0.61 
0.65 
0.68 
0.72 
0.74 
0.79 
0.83 
0.87 
0.91 
0.96 
0  98 

• 

22-H0 

18-Hs* 

21-H«^ 

18-H* 

21-H* 

23-H^ 

25-H* 
27-H0 
30-H* 
33-H^ 
36-M0 

18-kV 

15-Ks^ 

17-Hs* 

15-H* 

17-H 

18-H* 

20-H^ 

22-H* 

24-H^ 

28-H* 

29-H* 

12-^^ 
lO-Hs^ 
12-H6^ 
10-H^ 

11-H* 

12-H* 
14-H* 

15-H* 

17-H^ 

18-H* 
20-H* 

2.85 
3  04 
3.28 
3.48 
3.76 

3  84 
4.04 
4.20 
4.40 

4  80 
4  90 
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Interior  panel — Superimposed  load  300  lb.  per  sq.  ft. 


Panel  sise 
(feet) 

Capital 
diam- 
eter 

Sise  of  drop 
panel 

Depth 

of  slab 

(inches) 

Depth 
of  drop 
(inches) 

Concrete 

in  cubic 

feet  per  sq. 

ft 

Steel  in  each  band 

Steel  in 

lb. per  sq. 

ft. 

Direct 

(inches) 

Diagonal 
(inches) 

Acroes 

direct 

(inches) 

'~16X16 
17X17 
18X18 
19X19 
20X20 
21X21 
22X22 
23X23 
24X24 
26X25 
26X26 

3'6" 
3'9" 
4'0" 
4'3" 
4'6" 
4'9" 
6'0" 
6'3" 
6'6" 
6'9" 
6'0" 

4' 10"  X  4' 10" 
5'  2"X6'  2" 
6'  6"X5'  6" 
5'  8"X6'  8" 
6'  0"X6'  0" 
6'  4"X6'  4" 
6'  8"X6'  8" 

T  (y'xr  0" 

r  4" XT  4" 
7'  6"X7'  6" 
ri0"X7'10" 

7H 
7H 

8^ 

10 

lOH 
11 

IIH 
12 

4K 
4^ 

5 
7 

• 
0.66 
0.68 
0.72 
0.77 
0.81 
0.85 
0.88 
0.92 
0.96 
1.01 
1.05 

18-Ms* 

16-H^ 

18-M* 

20-H^ 

22-H^ 

24-H0 

27-H* 

33-H* 
35-H* 
39-H^ 

14-H6* 

13-H^ 

14-M* 

16-H* 

18-H* 

20-H* 

23-H^ 
26-H* 
29-H0 
31-H* 

lO-Hs^ 
9-H^ 
10-H* 
11-H0 
12-H0 

13-H^ 
15-H* 
16-H* 
18-H* 
2O-H0 
22.H* 

3.15 
3.48 
3.58 
3.76 
3.97 
4.12 
4  40 
4.50 
4.76 
5.00 
6.24 

Interior  panel — Superimposed  load  350  lb.  per  sq.  ft. 


Panel  aise 
(feet) 

Capital 
diam- 
eter 

Sixe  of  drop 
panel 

Depth 
ofsUb 
(inches) 

Depth 
of  drop 
(inches) 

Concrete 

in  cubic 

feet  per  sq. 

ft. 

Steel  in  each  band 

Steel  in 

Ib.per  sq. 

ft. 

Direct 
(inches) 

Diagonal 
(inches) 

Across 

direct 

(inches) 

16X16 
17X17 
18X18 
19X19 
20X20 
21X21 
22X22 
23X23 
24X24 
25X26 
26X26 

8'6" 
3'9" 
4'0" 
4'3" 
4'6" 
4'9" 
6'0" 
5'3" 
6'6" 
6'9" 
6'0" 

4' 10*' X  4' 10" 
6'  2"X5'  2" 
5'6"  X5'  6" 
6'8"   X5'  8" 
6'  0"X6'  0" 
6'  4"X6'  4" 
6'  8"X6'  8" 
7'  0"X7'  0" 
r  4"X7'  4" 
7'  6"X7'  6" 
7'10"X7'10" 

7H 
8H 

9yi 

9H 
lOH 

iiH 
11^ 
12H 

12H 

4H  , 
5 

6 

6M 

6^ 

7H 

7H 

8>i 
8H 

0.68 
0  73 
0.77 
0.82 

0  86 
0.90 
0.95 
0.99 
1.04 

1  09 
1.13 

16-H0 

17-H* 
19-H^ 

21-H0 
23.H* 
26-H^ 
28-H^ 
31- H^ 
34-H0 
37-H* 
41-H* 

13-H* 
14-H* 
15-H* 
17-H0 
19-H* 
21-H0 
23-H* 
25-H^ 
28-H^ 
30-H* 

33-H^ 

8-H* 
9-M* 
10-H^ 
11-H^ 
13-H^ 
14-M* 

16-H^ 
18-M0 

19-H^ 
21-H^ 

22-H* 

3.56 
3.68 
3.80 
3.97 
4.13 
4  40 
4.58 

4  80 

5  05 
5.22 
6.53 

In  these  panels  the  steel  is  lapped  to  develop  the  strength  of  the  bar  by  bond.  The  steel  is  considered  to  be  in 
^yprozimately  2  panel  lengths.  The  necessary  supporting  bars  are  included  in  the  steel  weights.  The  concrete 
in  the  slab  and  in  the  drop  panel  are  included  in  the  concrete  quantities. 


FLOOR  SURFACES 

By  Allan  F.  Owen 

107.  Wood  Floor  Surfaces. 

107a.  Softwood  Flooring. — Soft  pine  is  not  used  for  flooring  except  some  north- 
em  pine  for  very  cheap  work.  It  is  called  1  X  6-in.  matched  and  dresped,  but  comes  i  Jf  e  X  6  J< 
in.     It  is  apt  to  have  sap  in  it  and  be  subject  to  warping  and  twisting. 

Hard  pine,  or  yellow  pine,  comes  fiat  sawed  and  quarter  sawed  (see  Figs.  131  and  132). 
The  flat-sawed  flooring  should  never  be  used  as  it  splinters  badly  with  use.  The  quarter-sawed 
or  edge-grain  flooring  is  good  flooring  and  can  be  used  for  residences,  factories,  and  warehouses, 
although  it  will  not  wear  as  well  as  hard  wood.  The  best  yellow  pine  flooring  is  cut  from  logs 
having  the  largest  number  of  circular  rings  per  inch  of  diameter  and  with  the  largest  proportion 
oi  hard  summer  wood  in  the  rings  and  the  smallest  proportion  of  soft  spring  growth.  Long- 
leaf  yellow  pine  generally  has  more  than  8  rings  per  inch,  and  short  leaf  and  loblolly  pine  gen- 
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erally  have  less  than  8 — Bometimes  only  2  or  3  ringa  per  inch.     Yellow  pine  flooring  ci 
the  following  Hizes: 


IK  X  0  1>M>  6ii 

3     X  e  m  BH 

ZM  X   9  SM  EH 

3      X   a  2«  6^ 

Yellow  pine  abo  comes  4  X  8,  5  X  8,  and  6  X  8,  grooved  for  splines  (see  Fig.  133).  This 
flooring  ia  seldom  used  for  a  wearingaurface,  beingusedas  a  atructuralfloorapanningfrom  girder 
to  girder,  apacinga  6  to  16  ft.     When  so  used  a  wearing  surface  of  maple  is  usually  added. 


Fio,  131.— Flat  uired  nnd  i^ce  Eniiii  floorin 

1076.  Hardwood  Flooring. — Hard  maple  flooring  is  moat  suitable  for  kitchens, 
stores,  offices,  factories,  warehouses,  and  assembly  halls.  It  is  smooth  and  hard,  wears  well, 
and  can  be  waxed  and  polished  for  dancing,  or  oiled  to  keep  down  dust,  or  left  bare  and  scrubbed 
to  make  it  white  and  clean.     Standard  grades  in  maple  flooring  are: 


Maple  flooring  can  be  had  selected  for  color  by  specifying  "White  Clear."  The  standard  sites 
are  'Ha  in.  thick  with  1)^,  2,  23i,  and  3>i-in.  face;  IMe  i".  thick  with  2,  2>i,  and  3K-«>.  face; 
H  in,  thick  with  1)^,  2,  j,nd  214-in.  face. 

Beech  and  birch  Sooring  are  manufactured  in  the  same  sizes  ,aa  maple.  They  do  not  wear 
aa  well  as  maple,  but  are  better  than  pine. 

Oak  flooring  is  usually  considered  the  most  desirable  for  flne  residence  work.  Tlie  stand- 
ard grades  are: 


Quarter  < 
Quarter  , 


itcnde) 


PUinaswed "No.  2  tommon"— (pDo«et»rKle) 

Standard  sizes  are  'He  in-  thick  with  l^,  2,  and  2>j-in.  face;  ^  in.  thick  with  1>£  and  2-in. 
face.  Quarter-sawed  oak  is  sawed  so  that  the  face  ia  on  a  radial  line  of  the  log  and,  as  thia  is 
parallel  to  the  "silver  ray"  in  the  wood,  a  verj-  beautiful  and  varied  marking  is  the  result  (see 
Fig.  132).  The  principal  advantage  of  quarter  sawing  lain  securing  this  mottled  grain  effect. 
Oak  floors  Can  be  filled  with  a  white  or  colored  paste  filler  to  produce  natural  wood  or  color 
effects,  and  varnished  or  waxed.     Varnish  lasts  rather  longer  on  oak  than  on  any  other  floor. 

Other  hard  woods  are  used  only  for  special  ornamental  patterns  in  room  borders,  show 
window  floors,  etc. 

107c.  Parquetry. — The  best  parquetry  is  made  up  of  iJi(  in.  thick  hardwood, 
cut  in  short  lengtha  to  auit  the  pattern,  dressed,  and  matched  and  end  matched.     This  class 
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of  work  must  be  laid  on  a  very  good  imderfloor  and  must  be  scraped  and  sandpapered  after 
being  laid  to  get  a  good  surface. 

lOTd.  Refinishing  Wood  Floors. — In  refintshing  old  floors,  thin  hardwood  strips 
are  used.  Flooring  %  in.  thick  comes  with  tongue  and  groove,  and  may  be  blind  nailed.  Strips 
^^m,  thick  may  be  had  in  beech,  birch,  maple,  or  oak  and  are  face  nailed  to  the  under  floor. 
In  connection  with  this  thin  flooring  ''wood  carpet''  can  be  had.  This  consists  of  ornamental, 
borders,  using  small  pieces  of  wood  glued  on  a  cloth  back,  each  piece  to  be  nailed  to  the  under 
floor  where  the  ''carpet ''  is  laid.  These  patterns  can  be  had  in  a  single  wood  or  in  combination 
of  two  or  more  woods,  and  may  include  walnut,  cherry,  white  holly,  and  mahogany. 

1076.  Wood  Blocks. — Wood  block  floors  are  used  in  factories  where  the  floor  is 
subject  to  very  rough  usage.  Standard  paving  blocks  4  in.  thick  can  be  used,  and  these  are 
usually  set  in  asphalt. 

A  thinner  wood-block  flooring  has  lately  come  into  use  which  consists  of  blocks  dovetailed  and  glued  to  a  yellow 
I»ine  flooring  strip.  The  most  used  sise  is  2H  iQ-  thick  with  3H-in*  itkce,  in  lengths  up  to  8  ft.  The  sides  of  the 
stripe  are  grooved  for  splines  and  the  strips  are  blind  nailed  to  joiBts,  nailing  stripe,  or  underfiooring.  This  flooring 
is  used  where  creoeoting  or  asphalt  is  not  wanted  and  it  stays  in  place  through  wet  and  dry  weather  better  than 
paving  blooks.  It  is  a  strictly  utilitarian  floor  as  the  end  grain  wood  tends  to  hold  enough  dirt  never  to  look  very 
dean. 

107/.  Supports  for  Wood  Floors. — Softwood  and  hardwood  floors  may  be  nailed 
direct  to  joists  in  ordinary  construction  buildings  or  to  sleepers  bedded  in  concrete  in  fireproof 
buildings.  Better  floors  are  built  with  an  underfloor  nailed  to  joists  or  sleepers  and  with  the 
finished  floor  laid  diagonally  or  at  right  angles  to  the  underfloor.  Parquetry  and  wood  blocks 
must  have  an  underfloor.  On  a  concrete  floor  construction  the  finished  wood  floor  may  be 
laid  in  asphalt  direct  on  the  concrete  without  any  nailing  strips. 

107gr.  Floors  for  TniCking  Aisles.— Special  precautions  are  necessary  in  building 
floors  where  heavy  trucking  is  to  be  done.  Wood  block  flooring  can  be  used  if  otherwise 
satisfactory.  Maple  flooring  has  been  used  more  than  any  other  and  is  probably  the  most 
satisfactory  in  the  long  run  if  properly  built.  It  should  be  laid  od  a  very  substantial  wood 
underfloor  so  that  every  part  of  the  maple  floor  is  supported,  and  there  is  no  chance  of  the 
truck  wheels  breaking  the  floor  where  they  run  over  a  strip  near  its  end.  IJ^-in.  flooring  is 
much  stronger  than  the  i^e-in.,  and  is  well  worth  the  difference  in  cost. 

In  some  warehoua^8  it  has  been  found  necessary  to  lay  steel  plates  on  top  of  the  wood  floor  in  the  trucking  aisles 
and  fasten  them  down  with  long  countersunk  wood  screws.  This  makes  a  floor  that  will  wear  a  very  long  time 
but  it  is  always  noisy.  The  screws  pull  out  and  must  be  replaced  from  time  to  time  and  the  plates  buckle  up 
in  the  center.  They  wear  slippery  and  the  truckers  sprinkle  the  plates  to  get  a  film  of  rust  which  is  easiel-  to 
work  over. 

107^.  Loading  Platforms. — Floors  exposed  to  the  weather  must  have  provision 
for  drainage  and  expansion  and  contraction.  3  X  &-in.  oak  plank,  laid  with  K-in.  open  joints, 
meet  these  requirements.     Cypress  and  yellow  pine  are  also  used. 

108.  Brick  Floors. — Brick  is  used  for  floors  of  packing  houses,  storage  battery  rooms, 
factories,  and  warehouses  where  the  floor  must  resist  acid,  hot  and  cold  water,  grease,  etc. 
.  They  are  laid  edge  up  for  strength  where  heavy  tracking  occurs,  and  the  joints  must  be  filled 
with  acidproof  or  waterproof  cement.  For  this  purpose  the  bricks  must  be  smooth  and  very 
dense,  preferably  vitrified  shale  brick.  Special  brick  are  made  from  1  to  4  in.  thick  and  in 
aiees  from  3  ,X  3  in.  to  12  X  12  in.,  square  and  rectangular.  The  foundations  for  brick  floors 
are  the  same  as  for  tile  floors  (see  Art.  109i). 

109.  Tile  Floors. 

109a.  Cork  Tile. — Cork  tile  are  made  from  cork  shavings  compressed  under  very 
heavy  pressure  and  baked.  The  blocks  thus  made  are  cut  in  two  to  make  tiles  ^  in.  thick. 
The  tile  are  cemented  to  concrete  floors,  or  glued  and  nailed  to  wood  floors.  On  accoimt  of  its 
durability  and  non-slip  quality,  cork  tile  is  especially  recommended  for  the  working  space  in 
banks,  for  elevator  cars,  the  space  in  front  of  elevators  on  each  floor,  for  kitchens  and  bath 
rooms,  and  for  stair  treads  and  landings. 

2Q 
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Cork  brick  2  or  2}i  in.  thick  are  used  for  stable  floors  where  the  best  is  wanted  regardless 
of  cost. 

109&.  Rubber  Tiling. — Interlocking  rubber  tiling  is  used  for  stair  halls,  elevator 
floors,  and  spaces  in  front  of  elevators  on  account  of  its  nonnslip  property.  It  is  usually  yi  in. 
thick  and  is  to  be  cemented  to  a  wood  or  concrete  base. 

109c.  Quarry  Tile. — Thin  square  brick  are  known  as  quarry  tile.  The  most  used 
sizes  are  6X6  in.,  8X8  in.,  and  12  X  12  in. ;  all  sizes  about  1  in.  thick.  They  are  used  for 
fireplace  hearths,  conservatory  floors,  engine  room  floors,  hotel  grill  rooms  and  for  many  orna- 
mental ptu'poses.     The  best  red  quarry  tile  were  formerly  imported  from  Wales. 

109(2.  Ornamental  Tiles. — ^Vestibule  and  corridors  of  public  buildings  are 
sometimes  paved  with  ornamental  tiles  which  have  an  embossed  pattern  (see  Sect.  7,  Art.  174). 
The  embossment  is  of  value  in  making  a  non-slip  floor. 

109^.  Ceramic  Mosaic. — Probably  the  most  widely  used  fireproof  flooring  is 
ceramic  mosaic  (see  Sect.  7,  Art.  174).  The  standard  tile  is  ^  in.  square  and  ^  in.  thick. 
It  comes  in  white  and  black,  and  many  colors.  The  mosaic  is  usually  furnished  glued  to  sheets 
of  paper  which  are  soaked  with  water  and  removed  after  the  tile  are  in  place.  The  combinations 
of  design  and  color,  ornamental  borders,  and  plain  fields  are  unlimited.  This  tile  also  comes 
in  large  pieces,  2-in.  squares  and  hexagons  being  largely  used. 

10^.  Marble  Mosaic. — Marble  mosaic  is  superior  in  texture  and  color  to 
ceramic  mosaic,  but  is  comparatively  little  used  at  the  present  time. 

109^.  Marble  Tile. — The  corridor  floors  of  our  best  public  buildings  and  office 
buildings  are  paved  with  marble  tile.  This  tile  is  abo  used  for  floors  in  monumental  buildings, 
museums,  art  galleries,  public  rooms  in  fine  hotels,  club  houses,  etc.,  and  for  toilet  room  floors. 
The  standard  thickness  is  J^  in.  and,  as  the  tile  are  cut  for  each  particular  job,  there  is  no 
standard  size.  Light  colors  are  preferred  for  floor  tile  though  verde  antique  is  sometimes  used 
for  borders,  in  spite  of  the  fact  that  the  washing  compounds  used  in  cleaning  the  floors  eat 
away  the  softer  parts.  The  best  wearing  floor  marble  in  this  country  is  Tennessee  grey  or 
pink. 

109A.  Terrazo  Tile. — Marble  chips  mixed  with  colored  cement  and  sand  are 
manufactured  into  tile,  then  ground  and  polished.  This  tile  makes  good  substitute  for  marble 
tile  or  mosaic.  It  is  made  in  plain  colors  and  also  ''tutti  colouri,''  the  latter  being  a  mixture 
of  different  colored  marbles. 

109t.  Foundation  for  Tile  Floors. — Any  brick,  mosaic,  or  tile  floor  may  be  laid 
over  concrete,  hollow  tile,  or  wood  floor  construction,  but  ample  strength  and  stiffness  must 
be  provided  to  support  the  finished  floor  properly  and  keep  it  from  cracking.  When  used 
over  wood  construction,  2J^  in.  of  concrete  foundation  should  be  provided,  the  top  being 
leveled  and  left  rough  at  the  exact  depth  below  the  finished  floor  line  necessary  for  the  kind  of 
finish  to  be  employed.  For  tile  or  mosaic  }4  ^-  thick  this  depth  should  be  1  in.  to  allow  for 
the  ^-ia.  Betting  bed  of  mortar.  For  the  heavier  tile  and  brick,  an  allowance  of  1  in.  should 
be  made  for  the  setting  bed.  For  cork  tile,  the  foundation  may  be  wood  or  concrete  and  must 
be  placed  the  exact  thickness  of  the  cork  below  the  level  of  the  finished  floor. 

110.  Cement  Floors. — For  many  purposes  a  cement  floor  is  the  most  economical  and  satis- 
factory finish,  especially  for  a  reinforced  concrete  building.  A  great  deal'of  trouble  in  the  past 
has  been  caused  by  the  cement  finish  "dusting."  In  other  words,  the  top  surface  wears  off 
rapidly  in  use  and  produces  a  large  amount  of  dust  in  so  doing.  To  remedy  this  defect  many 
concrete  "hardeners"  have  been  put  on  the  market  and  some  of  them  have  been  of  value. 
But  their  greatest  value  has  been  in  the  extra  care  taken  to  procure  the  necessary  grade  of 
workmanship  to  produce  a  good  cement  finish.  Where  cement  sidewalks  are  laid  on  cinder 
foundation,  the  excess  water  in  the  concrete  dries  out  from  below  as  well  as  above  and  the  rich 
top  dressing  of  cement  and  sand  can  be  mixed  with  just  the  right  amount  of  water  to  be  trow- 
eled to  a  hard  smooth  surface.  But  in  reinforced  concrete  work  where  the  concrete  is  i>oured 
in  a  semi-fluid  state  into  tight  wood  forms,  the  excess  of  water  comes  to  the  top  and  brings 
with  it  laitance  (excess  hydrated  lime)  which  produces  the  objectionable  dusty  floor. 
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The  following  method  of  producing  a  hard,  dense,  dustless  cement  floor  is  now  being  used 
with  perfect  success: 

The  forms  ue  poured  full  of  concrete  and  ioreeded  with  a  straisht  edge  to  bring  the  surface  of  the  slab  up 
to  the  grade  of  the  finished  floor.  Cement  finishers  then  float  this  down  thoroughly  while  it  is  still  liquid  or  in  a 
plastic  state,  bringing  in  this  manner  the  surplus  water  present  in  all  concrete  to  the  surface,  which  carries  with  it 
the  hydrated  lime  or  laitance  in  the  cement.  This  is  then  darbied  or  floated  off  to  one  side.  A  dry  mixture  of 
Portland  cement  and  clean  sharp  sand  (1  to  IH)  is  then  added  to  the  slab  and  worked  into  the  top  of 
it,  filling  up  all  depressions  and  replacing  settlement  caused  by  the  removal  of  the  excess  water,  and  enriching  the 
topping,  thereby  making  a  more  dense  wearing  surface.  After  this  mixture  is  thoroughly  floated  and  inoorporated 
into  the  slab  it  is  given  a  hard  fanning  or  burnishing,  using  a  steel  trowel,  polishing  and  eliminating  all  trowd  marks, 
producing  a  hard,  unabrssive  wearing  surface.  If  the  work  b  properly  done  it  will  be  hard  back-breaking  work 
to  trowel  and  polish  so  dry  a  surface,  but  on  this  depends  the  success  of  the  cement  finish.  The  floor  must  be 
covered  within  24  hr.  with  a  heavy  layer  of  saw  dust  thoroughly  wet  down  and  left  in  place  until  the  building 
is  completed.  This  saw  dust  protects  the  floor  from  premature  use  and  abuse  and,  what  is  of  more  importance, 
retards  the  setting  of  the  cement  and  improves  the  quality  of  the^ioncrete. 

The  top  ^  in.  of  a  concrete  slab  may  be  made  of  1  to  1^  Portland  cement  and  K^in* 
granite  screenings.  This  (called  granitoid)  makes  an  excellent  floor  for  hard  usage,  but  the 
same  precaution  must  be  taken  to  avoid  dusting  as  described  above. 

111.  Terrazo  Finish. — ^Where  terrazo  finish  is  to  be  used,  the  foimdation  is  left  2}4  in. 
below  the  finished  floor.  2  in.  of  concrete  is  poured  on  the  foundation  and  then  about  1  in.  of 
terrazo  finish  (Portland  cement,  sand,  and  marble  chips,  mixed  almost  dry)  is  spread,  rolled, 
and  worked  into  the  top  imtil  the  proper  finished  grade  is  obtained.  The  surface  is  polished 
after  the  cement  has  hardened.  Color  effects  are  produced  by  the  use  of  the  desired  color  of 
marble  and  by  use  of  colored  cement. 

Ornamental  effecfi  can  be  had  by  the  use  of  colored  cement.  Care  must  be  taken  to  get  colors  that  are  not 
ohemicaDy  affected  by  the  cement.  The  colors  should  be  obtained  from  a  rdiable  manufacturer  of  cement  colon 
and  used  strictly  in  accordance  with  his  instructions. 

112.  Composition  Floors. — Composition  floors,  or  sanitary  floors,  are  much  used  for  toilet 
rooms,  kitchens,  restaurants,  etc.  There  are  many  varieties  on  the  market,  known  by  various 
trade  names,  and  they  can  be  had  in  almost  any  color,  the  red  and  brown  probably  being  the 
most  satisfactory.     Magnesia  is  the  basic  material  in  each  floor  mixture. 

When  used  over  a  wood  floor,  wire  mesh  is  laid  and  tacked  down,  and  about  ^  in.  of  Port- 
land cement  and  sand  laid  first  and  }i-m.  composition  floor  on  top  of  that.  When  used  over 
a  concrete  foundation,  yi  in.  of  cement  and  sand  and  a  ^  in.  composition  floor  are  sufficient. 

When  composition  floors  are  finished,  they  are  given  a  finish  of  paraffin  or  wax.  This  can  be  washed  or  mopped 
over  for  two  or  three  months  before  the  floor  begins  to  show  signs  of  wear.  At  that  time  the  floor  should  be  thor- 
ou^ily  washed  with  warm  water  and  soap  or  "gold  dubt"  and  allowed  to  dry  and  then  given  a  coating  of  oil.  Two 
parts  of  boiled  linseed  oil  thinned  with  one  part  of  kerosene  should  be  used.  The  oil  should  be  applied  with  a 
brush  or  cloth  and  allowed  to  dry  for  about  H  hour  and  then  any  surplus  oil  remaining  wiped  off.  The  linseed  oil 
tends  to  toughen  the  surface  of  the  composition  floor  and  prevents  its  becoming  rough  fropi  wear.  The  kerosene 
makes  the  oil  thin  enough  to  soak  into  the  pores  of  the  flooring. 

118.  Asphalt  Floors. — Asphalt  is  used  for  waterproof  floors  in  packing  houses,  canning 
factories,  and  wherever  it  is  frequently  necessary  to  flush  the  floor  with  water  to  clean  it. 
When  used  over  a  wood  foundation,  heavy  paper  is  laid  and  on  top  of  this  is  placed  2  in.  or 
more  of  a  mixture  of  hot  asphalt  and  sand  which  is  rolled  to  a  hard  even  finish.  Not  less  than 
2  in.  of  the  mixture  should  be  used  over  a  concrete  foundation. 

114.  Glass  Inserts  in  Sidewalks. — Glass  is  used  in  sidewalks  to  light  the  basement  space 
underneath.  The  pieces  of  glass  are  small,  generally  3^  in.,  round  or  square,  flat  top  and  bot- 
tom, or  with  prisms  on  the  bottom  to  deflect  the  light  toward  the  back  of  the  basement.  The 
lights  are  set  in  cement  on  steel,  iron,  or  reinforced  concrete  frames.  When  metal  frames  are 
used,  the  lights  are  generally  assembled  at  the  building.  Reinforced  concrete  sidewalk  light 
slabs  are  made  at  the  factory  and  shipped  to  the  building  ready  to  be  set  in  place.  Care  must 
be  taken  to  have  all  joints  caulked  with  oakum  and  waterproofed  with  asphalt  cement. 
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FLOOR  OPENINGS  AND  ATTACHMENTS 
By  Allan  F.  Owen 

116.  Floor  Openings. — Special  framing  must  be  used  aroimd  openings  through  floors  for 
elevator  shafts,  stairways,  dumb  waiters,  wire  shafts,  and  plxunbing  spaces,  figs.  134  to  139 
inclusive,  show  typical  framing. 

In  concrete  floors,  wrought-iron  and  galvanized-iron  sleeves  are  built  into  the  construction 
work  for  all  steam,  return,  sprinkler,  sewer,  gas,  and  similar  pipes.  All  floor  sleeves  should  be 
flush  with  the  ceiling  line  and  should  extend  about  2  in.  above  the  floor  line.    Pipe-risers  should 
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Fia.  134. — Elevator  openingB  in 
steel  frame  oonatruotion. 


Fza.  135. — Stair  opening  in 
ordinary  construction. 


Fig.  136. — Stair  opening  in  concrete 
beam  and  girder  construction. 


not  be  allowed  to  come  up  through  columns  as  repairs  and  alterations  are  difficult,  if  not  im- 
possible, under  such  an  arrangement;  small  size  electric  conduits,  however,  form  an  exception 
to  this  rule.  Special  shafts  with  fireproof  walls  are  sometimes  used  for  plumbing  and  vent 
pipes,  and  this  practice  has  much  to  commend  it  since  a  floor  to  be  a  perfect  flre  cutoff  should 
be  solid  from  wall  to  wall,  with  stairways,  elevators,  and  all  openings  enclosed  in  vertical 
fireproof  walls. 

Special  pits  are  required  for  platform  scales  and  it  is  best  to  get  the  details  of  the  scales 
to  be  used  and  include  the  framing  for  the  scales  in  the  general  plans  of  the  building. 
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Fia.  137. — Shaft  openings  in  tile 
and  concrete  construction. 
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Fza.  138. — Opening  in  flat  slab 
concrete  construction. 


Fxa.  130. — Opening  for  spiral  con- 
veyor  in  mill  construction. 


116.  Floor  Attachments. — Machinery,  shafting,  sprinkler  pipes,  steam  pipes,  etc.,  are 
often  hung  from  the  ceiling.  In  wood  construction,  blocks  are  usually  attached  to  the  ceiling 
joists  by  lag  screws  and  machinery  hangers  bolted  to  these  blocks.  In  steel  construction, 
clamps  are  used  around  the  lower  flanges  of  the  floor  beams.  In  concrete  construction,  some 
form  of  insefri  is  used  to  support  these  utilities.  Where  permanent  pipes,  machinery,  etc., 
are  to  be  placed,  it  is  possible  to  lay  out  the  inserts  to  care  for  these.  But  in  a  building  in  which 
there  is  much  machinery,  provision  should  be  made  for  changing  conditions,  the  shifting  of 
departments,  and  the  installation  of  improved  machines.     For  this  purpose,  it  is  well  to  spot 
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inserts  at  regular  intervab  over  the  entire  ceiling.  In  a  recent  machine  manufacturing  plant, 
inserts  were  provided  4  ft.  on  centers  each  way  over  the  entire  ceiling,  and  this  has  proved  a 
satisfactory  arrangement.    In  Fig.  140  are  iUustracted  the  common  types  of  inserts. 


B<4t  insert.    B<dt  b  removed  before  forms  are 
taken  down,  leaving  the  nut  in  the  concrete. 


Wrialoo  insert. 


Kohler  pressed  sted  insert. 


Barton  steel  spiral  socket  for 
lag  screws. 


Security  insert. 


Havemeyer  socket  insert. 
Fia.  140. 


Dasrton  insert. 


Truscon  slotted  insert. 


GROUND  FLOORS 
By  Allan  F.  Owen 

117.  Drainage. — Groimd  floors  at  sidewalk  shipping  platform  level,  or  in  basements, 
must  be  protected  against  dampness.  The  most  important  item  in  the  prevention  of  dampness 
is  drainage.  Where  the  floor  is  above  the  sewer,  a  system  of  tile  drains  is  installed  under  the 
floor  and  connected  to  the  sewer.  Lines  of  drain  tile  should  be  laid  near  the  outside  walls  and 
about  20  ft.  apart  under  large  floors.  Where  the  sewer  is  above  or  very  close  to  the  floor,  it  is 
necessary  to  connect  the  drain  tile  to  an  ejecter  pit  and  provide  an  automatic  sewage  ejector 
connected  to  the  sewerage  system.  Where  the  floor  is  below  water  level,  in  water  bearing  soil, 
no  drainage  can  be  used. 

118.  Underfloor. — Under  the  flnished  floor  a  porous  layer  of  cinders,  stone,  or  gravel 
should  be  laid  to  allow  water  to  run  to  the  drains  and  to  insulate  the  floor  from  the  damp  earth 
beneath.  Where  the  floor  is  below  water  level,  the  underfloor  must  be  waterproofed  and  rein- 
forced against  water  pressure.  A  damp  proofing  course  should  then  be  laid  on  the  top  of  the 
underfloor  and  under  the  finished  floor.  The  water  pressure  to  be  reinforced  against  is  equal 
to  62)^  lb.  per  sq.  ft.  of  floor  times  the  depth  from  the  top  of  the  highest  known  water  lev^l  to 
the  waterproofing  course.  The  weight  of  reinforced  concrete  above  the  waterproofing  course 
may  be  deducted  from  the  total  pressure  to  be  reinforced  against.  The  waterproofing  course 
must  extend  up  the  outside  walls  above  water  level. 
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119.  Waterproofing. — Ground  floors  should  be  waterproofed  as  explained  in  Sect.  5,  Art.  29. 

120.  Floor  Finish. — Finished  concrete  floors  are  most  widely  used  for  ground  floors,  but 
any  of  the  wood,  tile,  marble,  composition,  or  asphalt  floors  described  in  the  chapter  on  "Floor 
Surfaces"  may  be  used. 


ROOF  TRUSSES— GENERAL  DESIGN 

By  W.  S.  Kinne 

121.  Roof  Trusses  in  General. — A  roof  truss  is  a  frame  work  designed  to  support  the  roof 
covering  or  ceiling  over  large  rooms,  thereby  avoiding  the  use  of  interior  columns.  Fig.  141 
shows  the  relative  position  of  the  roof  trusses,  the  walls  of  the  building,  and  the  roof  covering. 

When  the  nature  of  the  supporting  forces 
is  such  that  the  reactions  are  vertical  under  verti- 
cal loading,  or  the  reactions  due  to  inclined  loading 
can  be  determined  by  the  methods  of  simple 
statics,  the  frame  work  is  known  as  a  "simple 
tniss."  Where  the  reactions  are  inclined,  even 
under  vertical  loading,  and  where  they  can  not 
be  determined  by  simple  statics,  the  frame  work, 
is  known  a^  an  "arch."  The  discussion  of  this 
chapter  will  be  confined  to  simple  trusses;  arches 
will  be  considered  in  the  chapter  on  "Arched 
Roofs." 

Simple  roof  trusses  can  be  further  divided 
into  two  classes  based  on  the  methods  of  support- 
ing the  trusses.  In  one  class  can  be  placed  the  trusses  which  are  supported  on  rigid  walls  of 
masonry,  or  other  material  forming  a  wall  which  is  able  to  resist  lateral  forces  without  additional 
bracing.  In  a  second  class  can  be  placed  the  trusses  which  are  supported  on  steel  columns 
carrying  a  light  curtain  wall  in  addition  to  the  trusses.  The  construction  of  these  columns 
is  such  that,  unaided,  they  do  not  offer  any  considerable  resistance  to  lateral  forces.  To  secure 
a  rigid  structure,  it  is  necessary  to  join  the  trusses  and  the  columns  by  a  member  known  as  a 
"knee-brace, "  thus  forming  a  rigid  framework  which  is  known  as  a  "knee-braced  bent."  Fur- 
ther discussion  of  this  type  of  structure  is  given  in  the  chapter  entitled:  "Detailed  Design  of 
Truss  With  Knee-braces." 
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FiQ.  143. 


In  general,  a  roof  truss  should  oonsist  of  a  simple  framework  composed  preferably  of  a  system  of  triax^gleB. 
The  members  of  the  frame  work  are  usually  so  arranged  that  they  are  in  direct  tension  or  compression.  Tnoses 
composed  of  a  single  web-system,  as  shown  in  Fig.  142(a),  are  preferable  to  those  with  a  double  web-system,  as 
shown  in  Fig.  142(b).  The  stresses  in  the  truss  of  Fig.  142(a)  are  readily  determined  by  the  principles  of  simple 
statics,  as  given  in  Sect.  1.  In  the  truss  of  Fig.  142(6),  the  stresses  are  statically  indeterminate.  An  exact  detei^ 
mination  of  the  stresses  can  be  made,  but  the  work  of  stress  calculation  is  long  and  tedious.  Approximate  methods 
of  stress  calculation  are  generally  used,  but  as  the  distribution  of  the  load  to  the  various  members  is  uncertain,  such 
methods  are  unsatisfactory. 
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Fig.  143  shows  the  component  parts  of  a  truss.  The  names  of  the  several  parts  are  indicated  in  position.  As 
shown  on  Fig.  143,  the  upper  members  are  known  as  the  top  chords,  or  rafters,  and  the  lower  members  are  known 
•s  the  bottom  chords,  or  tie  beams.  The  interior  compression  members  are  known  as  struts,  and  the  interior 
tension  members  are  known  as  ties.  Points  of  intersection  of  chord  members  are  known  as  joints,  and  the  distance 
between  adjacent  joints  is  known  as  a  panel,  or  panel  length.  A  sag  tie  is  a  member  provided  to  form  a  support 
for  a  long  horisontal  member  which  would  deflect  excessively  under  its  own  weight  if  not  so  supported. 


1^.  Form  o!  Trusses. — ^A  great  variety  of  trusseB  are  used  in  building  construction,  the 
form  depending  upon  the  character  of  the  roof  covering  and  the  architectural  features  of  the 
structure.     Fig.   144  shows  some 


Fan 


Cambensd  Rnk 


Ccrm 


Rin 


<^  the  forms  of  simple  trusses  in 
common  use  for  trusses  supported 
on  rigid  waUs.  Types  of  knee- 
braced  bents  and  arches  are  shown 
in  later  chapters. 

In  Fig.  144  the  forms  shown 
in  Figs,  (a)  to  (m)  are  well  adapted 
to  construction  in  steel,  while 
those  of  Figs,  (n)  to  (g)  are  suited 
for  construction  in  wood.  The 
trusses  of  Figs,  (a)  to  (m)  are  so 
arranged  that  the  compression 
members,  shown  by  the  heavy 
lines,  are  the  shortest  members  in 
the  truss,  while  the  tension  mem- 
bers, shown  by  the  light  lines, 
are  the  longest  members.  Thb 
results  in  a  considerable  saving  of 
material,  foir  a  compression  mem- 
ber requires  a.  greater  sectional 
area  for  a  given  stress  than  a  tesr 
sion  member.  Also,  the  greater 
the  length  of  a  compression  mem- 
ber, the  greater  the  required  area. 

In  the  trusses  of  Figs,  (n)  to 
(9),  tiie  top  and  bottom  chord 
members  and  the  interior  diagonab 
are  usually  made  of  wood,  while 
the  vertical  tension  members  are 
made  of  steel  rods.  Since  com- 
pression joints  between  wooden 
members  are  easier  to  frame  than 
tension  joints,  or  splices,  it  follows 
that  these  types  are  well  adapted  for  construction  in  wood. 
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Fig.  144. 


The  form  of  truss  is  dependent  to  some  extent  upon  the  span  length,  for  in  order  to  avoid  bending  stresses  in 
the  top  chord,  it  b  desirable  to  have  a  panel  point  of  the  truss  directly  under  each  purlin.  To  avoid  the  use  of 
ezeessive  areas  in  the  top  chord  sections,  it  will  probably  be  best  to  limit  the  lepgth  of  these  members  to  about 
3  ft.  as  a  maximum.  With  this  limitation,  the  advisable  maximum  si>an8  for  the  several  types  shown  in  Fig.  144  are 
about  as  follows:  Figs,  (a)  and  («),  30  ft.;  (c)  and  {9),  40  ft.;  (b)  and  (/),  50  to  60  ft.;  ((f)  and  (A),  70  to  80  ft.; 
and  00 1  80  to  90  ft.  The  forms  shown  in  Figs.  (A;) ,  (0 ,  and  (m)  can  be  iised  for  spans  of  from  20  to  80  ft.  by 
varsring  the  number  of  panels.  Wooden  trusses  of  the  type  shown  in  Figs,  (n)  and  (o)  can  be  used  for  spans  up 
to  about  25  or  30  ft.,  while  those  of  Figs,  (p)  and  (9)  can  be  used  for  spans  of  from  20  to  80  ft.  by  varying  the  num- 
ber of  panels. 

The  t3rpe  of  truss  to  be  used  with  a  given  rpof  covering  is  determined  by  the  allowable  slope  of  roof  for  the 
roof  covering  in  question.  Table  1  gives  the  minimum  allowable  slope  of  roof  for  some  of  the  common  types  of 
roof  coverings. 
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Table  1 

Asphalt  or  asbestos Rise  Ka  of  span. 

Corrugated  steel Rise  yi  of  span. 

Slate Rise  H  to  ><{  of  span. 

Tar  and  gravel Plat,  or  sufSdent  slope  for  drainage. 

Tile Rise  H  of  span. 

Tin All  slopes. 

Wood  shingles  on  sheathing Rise  yi  of  span. 

The  trusses  shown  in  Figs.  (0*  (f»)>  and  (9)  are  suitable  for  tar  and  gravel,  or  for  tin  roofs.  For  these  types 
of  covering  it  is  necessary  to  give  the  roof  only  enough  slope  to  provide  proper  drainage.  A  slope  of  more  than 
1  in.  to  the  foot  is  not  desirable  for  a  gravel  and  tar  roofing,  due  to  the  fact  that  the  material  will  flow  when  laid, 
and  that  intense  summer  heat  will  also  cause  it  to  flow  if  the  slope  is  greater  than  that  mentioned.  All  of  the  other 
forms  shown  in  Fig.  144  are  adaptable  to  roofs  with  a  rise  equal  to  from  H  to  H  of  the  span. 

Trusses  with  a  cambered  lower  chord,  as  shown  in  Figs,  (e)  to  (A)  ind.,  are  used  for  the  sake  of  appearance. 
A  long  line  of  trusses  with  exposed  horisontal  chords  appear  to  sag.  This  effect  can  be  overcome  by  cambering  the 
lower  chord.  In  other  oases  the  architectural  treatment  of  the  ceiling  calls  for  a  cambered  truss.  Where  a  moder- 
»ate  camber  is  required,  one  of  the  forms  shown  in  Fig.  144  can  be  used.  In  churches  and  similar  structures,  the 
architectural  treatment  often  calls  for  an  ornamental  truss,  which  is  considered  in  the  chapter  on  "Ornamental 
Roof  Trusses." 

In  general  it  can  be  said  that  the  selection  of  the  type  of  truss  is  just  as  important  as  any  other  feature  of  the 
design.  Having  fixed  upon  the  span  length  and  the  height  of  truss,  that  type  of  framing  should  be  adopted  in 
which  the  members  are  well  placed  with  respect  to  the  los%ls  which  are  to  be  carried. 

128.  Pitch  of  Roof  Truss. — The  pitch  of  a  roof  truss  is  usually  defined  as  the  ratio  of  the 
height,  or  rise,  of  the  truss  to  the  span  length,  and  is  usually  designated  by  a  fraction.  Thus 
in  the  truss  of  Fig.  143,  suppose  the  height  to  be  15  ft.  and  the  span  to  be  60  ft.  As  defined 
above 

.,   ,       height        15        ,  . 
span         oO 

In  the  preceding  article  the  effect  of  character  of  roof  covering  on  the  ratio  of  rise  to  span 
length  has  been  considered.  As  the  pitch  of  roof,  as  defined  above,  is  the  same  as  the  rise 
divided  by  the  span,  the  values  given  in  Table  1  will  indicate  the  Tninimnm  desirable  pitch  of  a 
roof  truss  for  a  given  roof  covering. 

The  pitch  of  the  truss  should  also  be  determined  with  reference  to  the  loads  to  be  carried.  As  shown  by  the 
tables  of  wind  and  snow  load  given  in  Arts.  135  and  136,  a  roof  with  a  H  pitch  has  a  smaller  snow  load  but  a 
greater  wind  load  per  sq.  ft.  of  roof  than  one  with  a  H  or  H  pitch.  Also  from  the  stress  tables  of  the  following 
chapter,  the  stresses  in  the  trusses  of  H  pitch  are  less  than  those  of  f^  or  H  pitch.  However,  in  trusses  of  H 
pitch,  the  interior  compression  members  are  somewhat  shorter  than  those  in  trusses  of  H  pitch,  which  results  in  a 
considerable  saving  in  material,  in  spite  of  the  greater  stress.  Trusses  of  H  pitch  have  greatly  increased  stresses, 
which  call  for  added  material  in  spite  of  the  reduced  length  of  the  compression  members.  Ck>naidering  all  factors, 
it  seems  that  the  truss  of  ^i  pitch  is  the  most  economical. 

124*  Spacing  of  Trusses. — The  theoretical  spacing  of  trusses  for  least  total  cost  of  trusses, 
purlins,  and  roof  covering  depends  upon  the  relative  cost  of  the  component  parts.  As  the  spac- 
ing increases,  the  cost  of  the  trusses  per  unit  of  covered  area  will  decrease,  as  small  changes  in 
spacing  have  little  effect  on  the  weight  of  a  truss;  the  cost  therefore  varies  inversely  as  the  spac- 
ing. The  size  of  purlin  is  determined  by  the  moment  to  be  carried;  this  varies  as  the  square 
of  the  span.  Therefore  the  cost  of  the  purlins  can  be  considered  to  vary  as  the  square  of  the 
spacing.  The  roof  covering  cost  varies  directly  as  the  spacing.  To  determine  the  theoretically 
most  economical  spacing,  all  of  these  factors  must  be  given  proper  consideration. 

The  relation  between  the  quantities  given  above  for  minimum  cost  can  be  expressed  ap- 
proximately in  the  following  manner: 

As  stated  above,  the  cost  of  the  trusses  can  be  assumed  to  vary  inversUy  as  the  spacing  of  the  trusses,  whioh 
relation  can  be  written,  t  »  k/s,  where  t  »  cost  of  trusses  per  sq.  ft.  of  roof,  A;  »  a  constant,  and  «  «  spacing  ol 
trusses.  Again,  the  cont  of  the  purlins  varies  directly  as  the  square  of  the  spacing  of  trusses,  or  p  ■>  na*,  where 
p  "  cost  of  puriins  per  sq.  ft.  of  roof,  n  »  a  constant,  and  «  «  spacing  of  trusses.  '  Also,  the  cost  of  roof  covering 
varies  directly  as  the  spacing  of  trusses,  or  c  ■-  nw,  where  c  «»  cost  of  roofing  per  sq.  ft.  of  roof,  m  -»  »  constant, 
and  «  »  spacing  of  trusses.     If  X  be  the  total  cost  of  the  roof,  per  sq.  ft.,  we  have 
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By  the  methods  of  the  Differential  Calculus  it  can  be  shown  that  the  relation  existing  between  the  terms  of  the 
above  expression  at  the  time  the  cost  of  the  roof  is  a  minimum  is 

<  -  2p  +  c 

That  is,  for  least  cost,  the  spacing  of  trusses  must  be  such  that  the  cost  of  the  trusses  per  sq.  ft.  of  roof  is  equal 
to  twice  the  cost  of  the  purlins  per  sq.  ft.  of  roof  plus  the  cost  of  roof  covering  per  sq.  ft.  of  roof. 

The  relation  given  above  can  not  be  used  directly  for  the  determination  of  the  truss  spacing 
for  the  spacing  does  not  appear  in  the  equation.  However,  by  means  of  the  above  expression, 
a  given  design  can  be  tested  out  to  see  if  it  answers  the  theoretical  conditions.  A  study  of  the 
formula  will  aid  in  forming  conclusions  regarding  the  proper  truss  spacing.     • 

The  cost  of  materials  and  labor  is  such  that  the  cost  of  the  trusses  per  sq.  ft.  of  roof  is 
usually  several  times  greater  than  that  of  the  purlins.  Roof  covering  costs  vary  with  the 
nature  of  the  covering,  but  will  probably  not  exceed  that  of  the  purlins.  These  facts  point 
toward  a  rather  wide  spacing  of  trusses,  in  order  to  secure  maximum  economy.  If  it  were 
possible  to  obtain  rolled  sections  which  would  provide  exactly  the  required  areas  for  all  truss 
members,  it  would  be  possible  to  use  rather  a  small  truss  spacing.  But  as  can  be  seen  from  the 
design  given  in  the  chapters  on  the  design  of  steel  and  wooden  roof  trusses,  the  sizes  of  many 
members  are  determined  by  the  specifications,  or  by  the  requirements  of  standard  practice. 
These  requirements  add  considerably  to  the  weight  of  the  structure.  From  this  discussion 
it  can  be  seen  that  the  cost  of  the  trusses  controls  the  economy  of  the  design,  and  the  spacing 
of  the  trusses  should  be  determined  accordingly. 

Comi)arative  estimates  of  cost,  made  by  comparing  the  total  oobt  of  roof  trusses  of  the  same  span  length 
bat  with  varying  spacing  indicate  that  for  spans  up  to  50  ft.  the  most  economical  spacing  is  about  15  ft.  for  light 
loads  (about  30  lb.  per  sq.  ft.),  or  about  }i  of  the  span.  For  spans  of  from  50  to  100  ft.,  the  spacing  should  be 
about  yi  of  the  span  for  the  shorter  spans  and  about  H  of  the  span  for  the  longer  spans,  or  from  15  to  20  ft.  In 
many  ca^es  local  conditions  govern  and  determine  the  spacing  of  the  trusses  regardless  of  the  economical  conditions. 

125.  Spacing  of  Purlins. — The  spacing  of  the  purlins  is  governed  to  a  large  extent  by  the 
roof  covering,  and  to  some  extent  by  the  type  of  roof  truss.  In  the  first  place,  the  strength  of 
the  roof  covering,  considered  as  a  beam  spanning  the  distance  between  purlins,  determines  the 
allowable  span  of  the  roofing,  and  in  the  second  place,  the  position  of  the  joints  of  the  truss  de- 
termines the  possible  points  of  support  for  purlins,  and  in  this  way  determines  the  possible  span 
of  the  roof  covering.  This  assumes  that  the  top  chord  of  the  truss  acts  only  as  a  compression 
member.  In  some  cases  where  the  type  of  the  truss  is  such  that  the  distance  between  top  chord 
joints  is  greater  than  the  allowable  span  of  the  roof  covering,  purlins  are  placed  at  points  between 
the  chord  joints.  This  arrangement  has  the  disadvantage  of  subjecting  the  chord  section  to 
bending  as  well  as  direct  stress,  for  the  chord  section  must  act  as  a  beam  aS  well  as  a  chord  mem- 
ber. But  this  is  probably  offset  by  the  saving  in  weight  of  purlins  made  possible  by  the  use  of 
smaller  closely-spaced  sections. 

Roof  coverings  are  often  laid  on  sheathing,  which  is  in  turn 
supi>orted  by  rafters  laid  parallel  to  the  top  chord  of  the  truss  and 
resting  on  purlins.  By  using  suitable  rafters,  the  purlin  spacing  can 
be  made  as  desired.  This  construction  is  apt  to  result  in  a  heavy 
roof.  To  avoid  this,  the  sheathing  is  sometimes  laid  directly  on  the 
purlins,  thus  limiting  the  spacing  of  purlins  to  the  safe  span  of  the  \Utif^  "^^ 
sheathing.     This  safe  span  is  to  be  determined  with  reference  to  ^  ^Hdnzanfaf 

^e  bending  stress  in  the  sheathing,  and  also  with  respect  to  the  l/P-^ 

allowable  deflection  of  the  sheathing,  for  in  some  cases  the  roof 
covering,  as  tile  or  slate,  is  likely  to  crack  if  the  sheathing  is  subjected 
to  excessive  deflection.     The  allowable  deflection  is  about  Hoc  P&i^  of  the  clear  span. 

Fig.  145  shows  an  inclined  beam  subjected  to  a  vertical  uniform  load  of  vo  lb.  per  ft.  of  beam.  Assuming  that 
the  sheathing  is  eontinueus  over  several  purlins,  the  maximum  moment  is  3f  »  Ho  t&Z^co*  B,  and  the  fiber  stress  is 
^ven  by  the  formula/  ■»  Me/ 1.  Placing  the  value  of  M  in  the  formula  for  fiber  stress  and  solving  for  I,  the  limiting 
span  length,  we  have*  for  a  rectangular  section  of  width  6  and  depth  d, 

/6^dy       nH 
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In  terms  of  the  fiber  stress,  the  deflectioii  of  a  reotansuUr  beam  under  a  uniform  load  is  mven  by  the  formula 

fit 
A  w  5/24  B^  where  E  is  the  modulus  of  elasticity  of  the  material,  and  the  other  terms  have  the  same  values  as  before. 

Subfetituting  in  this  expression  the  value  of  /,  and  solving  for  {,  the  limiting  span,  we  find  for  an  allowable  deflection 
of  H 60  of  the  span,  that 

/I   hd*S 


I 


\46    w 


seo9 


r 


The  smaller  of  the  values  given  by  the  above  equations  is  the  allowable  span  for  the  sheathing  under  eonsideration. 
Table  2  gives  the  limiting  spans  for  sheathing  in  common  use  for  several  load  capacities  and  varying  slope  of  roof,  aa 
determined  by  the  above  equations. 

TaBLB    2. — ^LlMTTINQ    SpANS    FOR    OnB    InCH    Sb  BATHING    FOR    VARIOUS    LOAD    CaPACTTTBS 

AND  Slopes 

/  «■  1000  lb.  per  sq.  in.;  ^  »  1,000,000  lb.  per  sq.  in. ;  d  -  1  in. 

(Limiting  spans  given  in  feet) 


Slope  of  roof  in  inches 

per  foot 

Capacity  in  pounds 

per  sq.  ft. 

0 

2 

4 

6 

8 

10 

12 

0.13 

0.20 

0.35 

0.66 

10.02 

10.43 

10.85 

20 

4.53 

4.56 

4.60 

4.71 

4.81 

4.05 

5.08 

8.17 

8.22 

8.37 

8.65 

8.07 

0.35 

0.72 

25 

4.10 

4.22 

4.25 

4.35 

4.45 

4.58 

4.70 

7.45 

7.51 

7.64 

7.80 

8.17 

8.52 

8.86 

80 

3.05 

3.07 

4.00 

4.11 

4.20 

4.32 

4.43 

6.46 

6  51 

6.62 

6.84 

7.20    , 

7.30 

7.60 

40 

3.50 

3.61 

3.64 

3.73 

3.82 

3.02 

4.03 

6.77 

5  82 

5.02 

6.00 

6.34 

6.60 

6.86 

00 

3.34 

3  36 

3.40 

3.47 

3.55 

3.65 

3.75 

5.27 

5  32 

5.41 

5  58 

5.78 

6.03 

6.27 

60 

3.13 

3   15 

3.17 

3  25 

3.33 

3.42 

3.52 

NoTB. — Upper  values  »  limiting  span  in  feet  due  to  bending.     Lower  values  ■>  limiting  span  in  feet  due  to 
deflection. 

For  limiting  spans  due  to  fiber  stresses  other  than  1000  lb.  per  sq.  in.,  multiply  upper  values  in  table  by  the 

For  limiting  spans  due  to  deflection  for  values  of  B  other  than  1,000,000  lb.  per  sq.  in.,  multiply  lower  values  in 

table  by  the  ratio  \l — ^    ^ . 

>  1,000,000 

For  limiting  spans  for  sheathing  of  other  than  1  in.  thickness,  multiply  values  given  in  the  table  directly  by  the 
thickness  of  the  sheathing  in  in  ches. 

The  limiting  span  for  corrugated  steel  roofing,  considered  as  a  horisontal  beam,  is  given  by  the  Ranldne  for- 
mula as 

8hbt\H 


,.     (0.178^) 


where  S  a  working  stress  in  lb.  per  sq.  in.,  A  ^  depth  of  corrugations  in  inches,  b  ■■  width  of  sheet  in  inches,  (  « 
thickness  of  sheet  in  inches,  v>  «>  safe  load  in  lb.  per  ft.,  uniform  load,  and  I  ■■  allowable  span  in  feet.  Table 
3  gives  the  allowable  spans  of  corrugated  steel  for  several  load  capadtiee  per  sq.  ft  Qi  roof.  The  vahiee  are 
computed  from  the  above  formula. 
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Table  3.— LiMiTiNa  Spans  roa  Corbuoatbd  Stbsl 

From  formula  I  -   (o.l78  ^^)^ 
.S  «  12,000  lb.  per  sq.  in. ;  6  -  12  in. ;  A  -  H  in. 


- 

Values  of  { in  feet 

Gage 

t 
(in.) 

• 

w  -  20 

w  -s  25 

10-30 

u»  -  40 

10-50 

w  -  60 

16 

Hi 

7.08 

6.32 

5.77 

6.00 

4.47 

4.08 

18 

Ho 

6.32 

5.65 

5.16 

4.47 

4.00 

3.65 

20 

^0 

5.50 

4.91 

4.48 

3.88 

3.47 

3.17 

22 

Ha 

5.00 

4.47 

4.08 

3.54 

3.16 

2.88 

24 

Mo 

4.49 

4.01 

3.66 

3.17 

2.84 

2.59 

126.  Spacing  of  Girts. — Girts  are  members,  similar  to  purlins,  which  are  used  to  support 
the  siding  in  a  building  in  which  the  walls  are  formed  by  siding  or  corrugated  steel  carried  on  the 
columns  which  support  the  roof  trusses.  The  design  of  girts  is  carried  out  by  the  same  methods 
as  given  in  Sect.  2  for  purlins. 

The  spacing  of  girts  is  governed  by  the  same  considerations  as  given  in  the  preceding  article 
for  piirlins.  Allowable  spacing  of  girts  can  be  determined  by  the  tables  of  the  preceding  article. 
Design  methods  are  given  in  Art.  167. 

127.  Puriin  and  Girt  Details  and  ^  ^ 
Connections. — Wooden  purlins  can  be        '^^                         y^\\^ 
made  up  of  a  single  piece,  or  can  be  ^] 
built  up  by  placing  several  narrow 
pieces  side  by  side.     When  properly 
fastened  together,  either  by  nailing  or 
bolting,  built-up  beams  are  equally  as 
strong    as   a   single   piece,   and    are 
cheaper  and  easier  to  obtain.     Such 
purlins  are  used  either  with  wooden 
or  steel  roof  trusses. 

The  connection  of  wooden  purlins 
to  the  roof  truss  depends  upon  the 
type  of  ro<^  construction  and  the  kind 
of  truss.  For  wooden  trusses,  purlin 
connections  of  the  tyx>e  shown  in  Fig. 
146  are  in  common  use.  In  Fig.  (a) 
the  purlin  is  placed  on  the  top  of  the 
chord  section.  This  is  often  done 
when  a  deep  roof  covering  is  not  un- 
desirable. The  purlin  is  held  in  posi- 
tion and  prevented  from  overturning 
by  means  of  a  block  or  short  piece  of 

angle  nailed  or  bolted  to  the  top  chord,  as  shown  in  Fig.  (a).  Where  the  depth  of  the  roof 
construction  is  limited,  the  connection  shown  in  Fig.  (&)  is  used.  The  purlin  is  suspended  by 
means  of  a  strap  hanger,  or  by  means  of  one  of  the  patent  hangers  shown  in  Sect.  2,  Art.  1225. 
Figs,  (c)  and  (d)  show  details  of  connections  at  the  apex  of  the  truss  and  at  the  wall.  For  the 
deogn  of  such  connections  see  Art.  146.  Fig.  (e)  shows  a  type  of  connection  used  for  wooden 
purlins  on  steel  roof  trusses.  A  short  clip  angle  is  riveted  to  the  top  chord  and  the  purlin 
is  fastened  to  this  clip  angle  by  means  of  lag  screws. 

Purlins  for  steel  roof  trusses  are  generally  made  of  rolled  sections,  although  in  some  cases 
wooden  purlins  are  used,  as  shown  by  the  detail  of  Fig.  146  (e).    The  rolled  sections  most  used 
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u  purlins  ore  the  I-beom,  the  ch&nnel,  and  the  angle.  T-bua  and  Z-bara  are  aometimee  used, 
but  their  use  is  limited,  as  Z-bats  are  hard  to  obtain,  exceptinlargeordera,  and  as  painted  out  in 
Sect.  I,  Art.  112,  the  T-bar  is  not  aa  ideal  beam  section.  In  selecting  rolled  sections  from  the 
steel  handbooks,  it  is  best  to  use  the  section  of  minimum  weight  for  any  given  depth,  as  tbeee 
sections  are  stock  sites  and  are  easily  obtained.    A  list  of  standard  sections  is  given  in  Art.  130. 


I'la.  148.  FiQ.  149. 

138.  ConnectionsbetweenPnrlinsandRaof  Covering. — Fig.  ISOshonsafewof  themethods 
used  in  fastening  the  roof  covering  to  the  purlins.  Big,,  (a)  shows  the  details  of  connections 
between  rolled  steel  sections  and  plank  sheathing.  As  shown,  a  nailing  strip  is  fastened  to  tke 
section.  The  sheathing  is  then  nailed  to  this  strip.  Where  wooden  aiding  is  used,  it  is  fastened 
to  the  girts  in  a  similar  manner. 

Corrugated  st«el  roofing  and  aiding  are  fastened  to  the  purlins  or  girts  by  the  methods 
shown  in  Fig.  (b).  Clinch  nails  are  uned  with  angle  purlins,  and  sometimes  with  the  smaller 
channels.  The  nails  are  mode  of  soft  wire,  and  are  clinched  around  the  purlins.  Strap  fasten- 
ings are  used  with  all  sections.  The  straps  are  made  of  No.  18  gage  steel  about  ^i  in.  wide, 
and  are  fastened  to  the  covering  by  a  stove  bolt  in  each  end  of  the  strap.     Clip  fastenings  are 
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made  of  No.  16  gage  steel.  The  usual  dimensions  are  l}j  X  2Ji  in.  They  are  fastened  to 
the  covering  by  two  stove  bolts  at  one  end  of  the  clip  to  prevent  tumiiig.  A  nailing  strip  IS 
preferably  uaed  with  an  anti-condensation  hning,  and  also  for  fasteniDg  siding  to  girts.  In  ail 
cases  the  fastenings  are  spaced  about  a  foot  apart. 


UB.  Bracing  of  Roofs  and  Buildings. — The  bracing  to  be  provided  for  a  roof  depends  upon 
Cbe  character  and  use  of  the  building.  For  a  roof  supported  on  masonry  walls,  the  object  of 
the  bracing  is  to  provide  a  stiff  rigid  structure  which  will  not  be  subjected  to  vibration  due  to 
machinery  or  moving 
loads,  such  as  cranes, 
etc.  In  the  case  of  a 
roof  support«d  on  steel 
columns,  the  entire 
structure  is  depend' 
eat  on  bracing  for 
stability  against  lat- 
eral forces.  The 
trusses  must  be  thor- 
oughly braced  and  the 
columns  must  be  con- 
nected by  longitudinal 
and  transverse  sys- 
tems of  bracing. 
Without  such  bracing 
the    structure    would  ^i 

collapse     in     a     high      BrpclngRir  IbpChoni 
wind  storm  or  due  to  ""^  Cotomns 

Btresses  and  vibration 
from  moving  loads, 
auch  as  cranes.  In 
general  it  can  be  said 
that  bracing  should 
be  so  located  that  the 

lateral  forces  will  be  (cj  End  BrxSnq 

transmitted  as  di-  ^^^   j^, 

recUy  as  possible  to 
the  walls  and  foundations  of  the  building. 

Bracing  for  a  roof  supported  on  rigid  walls  is  not  subject  to  analysis  for  stresses,  as  the 
forc«  acting  on  the  bracing  are  indefinite  in  nature.  The  designer  must  use  his  juOsnnrui,, 
baaed  on  past  eiiperience,  in  the  determination  of  the  form  of  bracing  and  the  make-up  of  the 
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sections.  In  the  case  of  roofs  supported  on  columns  it  is  possible  to  determine  approximately 
the  stresses  in  the  bracing.  This  problem  is  considered  in  detail  in  the  chapter  on  the  "  Detailed 
Design  of  a  Truss  with  Knee-Braces." 

Roof  trusses  supported  on  columns  should  be  provided  with  bracing  for  the  trusses  and 
also  bracing  for  the  columns.  Fig.  151  shows  the  relative  position  of  the  required  bracing. 
Every  third  or  fourth  pair  of  trusses  should  be  rigidly  braced  with  diagonals  placed  in  the  planes 
of  the  upper  and  lower  chords  of  the  trusses.  The  unbraced  trusses  between  the  pairs  of  braced 
trusses  should  be  connected  to  the  others  by  unbroken  lines  of  struts  running  the  full  length  of 
the  building  and  located  at  the  eaves^  the  apex  of  the  truss,  and  at  several  points  in  the  plane 
of  the  lower  chord  of  the  truss,  at  distances  apart  depending  upon  the  width  of  the  building. 
These  distances  should  be  such  that  the  diagonals  of  the  bracing  will  form  angles  of  about  45 
deg.  with  the  loads  to  be  carried. 

Column  bracing  ahoold  be  provided  for  the  basnp  in  which  the  trussee  are  braced,  ae  shown  in  Fig.  (a).  This 
bracing  oonaiate  of  roda  or  rolled  sbapee.  The  bracing  should  be  so  arranged  that  the  members  make  angles  of  about 
45  deg.  with  the  horisontaL 

A  ssrstem  of  bracing  is  also  to  be  provided  in  the  plane  of  the  ends  of  the  building.  This  bracing  must  asbist 
in  carrying  the  transverse  forces.  Two  forms  of  such  bracing  are  shown  in  Fig.  151.  Fig.  (e)  shows  a  knee-braced 
bent  similar  to  the  others.  This  truss  provides  the  required  bracing  for  transverse  forces,  and  also  supports  a  set 
of  vertical  members  which  carry  the  girts  and  siding.  The  horisontal  forces  brought  to  the  lower  chord  of  this 
truss  by  the  siding  are  resisted  by  the  horisontal  trusses  in  the  plane  of  the  lower  chord  of  the  main  trusses. 

PHg.  (d)  shows  an  arrangement  of  vertical  beams  which  carry  the  girts  and  the  siding.  These  beams  transfer 
part  of  their  load  to  the  bracing  in  the  plane  of  the  lower  chord  of  the  main  trusses.  Vertical  diagonal  braoing  is 
provided  in  the  plane  of  the  end  of  the  building,  as  shown  in  Fig.  (a). 

Buildings  with  rigid  side  and  end  walls  of  masonry  require  bracing  only  in  the  planes  of  the  upper  and  lower 
chords  of  the  trusses.  Thb  bracing  can  be  of  the  same  general  form  as  described  above  for  the  roof  on  steel  oolumna» 
except  that  a  strut  is  not  required  at  the  eaves.  A  detail  design  of  bracing  for  a  roof  of  this  kind  is  given  in  the 
chapter  on  the  "  Detailed  Design  of  Steel  Roof  Truss." 

130.  Choice  of  Sections. — In  selecting  the  rolled  shapes  with  which  the  members  of  the 
truss  are  to  be  formed,  the  designer  must  be  governed  not  only  by  the  required  area  but  also 
by  the  ease  with  which  the  section  can  be  obtained  from  the  rolling  mills.  If  any  section  is  in 
great  demand,  it  will  be  rolled  at  frequent  intervals,  while  a  section  for  which  there  is  little 
demand  will  be  rolled  only  when  the  orders  on  hand  will  warrant  a  rolling  of  the  section.  It 
often  happens,  therefore,  that  the  time  element  will  determine  the  section  to  be  used  instead 
of  the  stress  to  be  carried. 

The  sections  which  are  the  easiest  to  obtain,  as  a  rule,  are  those  of  minimum  weight  for  the 
shape  in  question.  It  wiU  be  found  best  to  use  as  small  a  number  of  sections  and  sizes  as 
possible,  thereby  insuring  quick  delivery.  The  various  mills  and  large  bridge  companies  have 
certain  standard  and  permissible  sections  for  which  quick  delivery  is  fairly  certain.  A  short 
list  of  standard  and  permissible  sections  used  by  the  American  Bridge  Co.  is  given  in  Table  4. 


Table  4* 

Standard  angles 

Permissible  angles 

6"  X  6" 

6"  X  4" 

8" 

X8" 

6"  X  3H" 

4"  X  4" 

5"  X  3H" 

5" 

X  5" 

4"  X  3H" 

3H"  X  ZH" 

4"  X  3" 

2hi"  X  2>i" 

3H"  X  2H" 

3"  X  3" 

3H"  X  3" 

2" 

X  2" 

8"  X  2" 

2H"  X  2H" 

3"  X  2H" 
2H"  X  2" 

Standard  channels 

Permisbible  channels 

16" 

8" 

9" 

12" 

6" 

7" 

10" 

Standard  I-beams 

5" 
Permissible  I-beams 

20" 

10" 

24" 

18" 

8" 

9" 

15" 

6" 

7" 

12" 

K'» 

•  steel  Mill  Buildings,  and  Structural  Engineers'  Handbook,  by  M.  S.  Ketchum. 
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ISl.  Form  of  Members  for  Roof  Trusses. — Members  for  wooden  roof  trusses  are  made 
preferably  of  single  pieces  of  timber,  square  or  rectangular  in  shape.  Where  single  pieces  can 
not  be  obtained,  members  are  built  up  of  planks  securely  fastened  together  so  that  the  parts 
of  the  member  will  act  as  a  unit.  The  design  of  members  of  a  wooden  roof  truss  is  considered 
in  another  chapter. 

Fig.  152  shows  the  form  of  members  in  general  use  for  simple  roof  trusses  of  the  type  shown 
in  Hg.  144.  Compression  chord  and  web  members  are  made  up  as  shown  in  Fig.  (a).  For 
members  subjected  to  moderate  stresses,  too  angles  placed  back  to  back,  as  shown  in  Fig.  (a), 
will  provide  sufficient  area.  Angles  with  unequal  legs  are  preferable,  the  longer  legs  to  be  placed 
together.  In  this  way  the  ratio  of  length  to 
radius  of  g3rration  of  the  combined  section 
for  axes  OX  and  OF  of  Fig.  (a)  can  be  made  — 
equal,  or  nearly  so.  The  resulting  column 
is  then  of  equal  rigidity  in  all  directions. 
To  make  certain  that  the  two  angles  act  as  a 
unit,  they  must  be  riveted  together  at  in- 
tervals such  that  the  ratio  of  unsupported 
length  to  radius  of  gyration  for  a  single 
angle  is  equal  to  or  less  than  that  for  the 
combined  section.  This  detail  will  be  con- 
sidered further  in  Art.  156. 

Connections  between  chord  and  web 
members  are  made  by  separating  the  two 
angles  by  a  small  space  which  will  allow  a 
connecting  plate  to  be  inserted,  as  shown  in 
Pig.  (6).  This  space  between  the  aiigles  is 
maintained  over  their  entire  length  by  means 
of  ring  fills  or  washers  located  at  the  connecting  rivets.  The  size  and  shape  of  the  connecting 
plates,  which  are  known  as  gusset  plates,  depend  upon  the  number  of  rivets  to  be  provided  in 
the  connection. 

Where  very  large  stresses  are  to  be  carried,  the  forms  of  members  shown  in  Figs,  (c),  (d), 
and  (e)  are  used.  The  form  of  Fig.  (c)  shows  two  rolled  channels  in  place  of  angles,  and  Fig. 
{d)  shows  a  built-up  member  consisting  of  4  angles  and  1  plate.  In  some  cases  the  form  of  Fig. 
{e)  is  used.  This  form  consists  of  2  angles  and  1  plate.  The  plate  acts  as  a  part  of  the  chord 
nfember,  and  at  the  joints,  it  acts  as  a  gusset  plate,  similar  to  the  arrangement  shown  in  Fig.  (b). 

In  some  forms  of  trusees  the  purlin  spacing  is  such  that  purlins  must  be  placed  at  points  between  the  top 
ehord  joints.  The  top  chord  section  is  then  subjected  to  bending  in  addition  to  direct  stress,  and  the  section  must 
be  designed  as  a  combined  beam  and  column.  Design  methods  are  given  in  Sect.  1,  and  in  the  design  of  Art.  158. 
For  members  subjected  to  moderate  stress  and  bending,  the  form  oi  member  shown  in  Fig.  (a)  can  be  used.  Figs, 
(e)  and  (d)  show  forms  adapted  for  large  moments  and  direct  stresses.  The  form  of  Fig.  (e),  although  often  used 
for  members  subjected  to  bending,  is  not  a  desirable  form  of  beam  section,  as  pointed  out  in  Sect.  1,  Art.  112.  This  is 
due  to  the  fact  that  the  top  chord  member  of  a  roof  truss  is  continuous  from  end  to  end,  thus  forming  a  continuous 
girder.  As  shown  in  Sect.  1,  the  moments  at  points  of  support  are  negative.  Therefore  the  narrow  edge  of  the 
plate  at  A,  Fig.  (e),  is  in  compression.  As  this  plate  is  not  well  supported  at  the  joints,  it  is  likely  to  buckle  side- 
wise.     The  forms  of  Figs,  (c)  and  (d)  are  not  subject  to  this  objection. 

Tension  members  are  also  made  of  two  angles  placed  as  shown  in  Fig.  (a).  Equal  legged  angles  can  be  used  for 
tension  members,  as  it  is  not  necessary  to  secure  equal  rigidity  in  all  directions.  Where  tension  members  are 
subjected  to  bending  as  well  as  direct  stress,  the  forms  of  Figs,  (c)  and  (d)  can  be  used. 

182.  Joint  Details  for  Roof  Trusses. — The  design  of  joint  details  of  a  roof  truss  is  a  matter 
of  the  greatest  importance.  An  investigation  of  the  causes  of  roof  truss  failures  will  show  that  in 
most  cases,  the  failure  can  be  traced  to  faulty  joint  details.  The  same  care  and  study  should 
be  devoted  to  the  design  of  joints  as  to  the  design  of  the  main  members. 

In  designing  joints,  a  point  of  great  importance  is  that  the  center  lines  of  all  members  enter- 
ing a  joint  should  meet  at  a  common  point,  which  should  be  located  at  the  intersection  of  the 
center  lines  of  the  truss  members,  as  shown  in  Fig.  153  (a).    If  this  point  is  overlooked,  as  shown 
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in  Fig.  (b),  where  the  intersection  point  of  the  diagonab  is  at  a  distance  a  from  the  line  of  action 
of  the  remaining  members,  there  is  set  up  a  bending  moment  Pc^  which  tends  to  twist  the  joint 
out  of  position.     This  moment  must  be  resisted  by  the  members  entering  the  joint.    Proper 

*  provision  should  be  made  for 

^^^"^0J^0*^O^  7  <      ,  the  increased  stresses,   or  the 
'     ■  ' — fc*— J  detail  should  be  changed  so  as 

to  eliminate  the  moment. 

The   designer,   in   addition 
to  satisfying  the  above  require- 
ment,   should    carefully    trace 
the   stresses  from  the  several 
members  into  the  joint,  making 
Hjertain  that  proper  connections 
have  been  made,  and  that  all  parts  are  proportioned  to  care  for  the  stress  which  they  may  be 
called  upon  to  carry. 

Most  speoifioatiooa  state  that  syiximetrical  sections  shall  be  used  for  principal  members.  Others  allow  the  i»e 
of  single  angles  for  members  with  small  stress.  Fig.  154  shows  a  connection  made  for  a  member  composed  of  a 
symmetrical  section  and  another  made  of  a  single  angle.  In  Fig.  (b)  is  shown  a  symmetrical  member  composed 
of  two  equal  angles,  one  on  each  side  of  the  gusset  plate.  The  stress  in  the  membe**  can  then  be  considered  as  brought 
directly  to  the  gusset  plate.  In  Big.  (a),  where  a  single  angle  is  used,  the  center  line  of  the  member  and  the  plane 
of  the  truss  do  not  coincide.  The  member  is  then  subjected  to  a  direct  stress  P  and  a  bending  moment  M  ~  Pa, 
where  a  is  the  distance  from  the  center  of  gravity  of  the  angle  to  the  plane  of  the  truss.  For  the  conditions  shown 
in  Fig.  (a),  the  design  must  be  carried  out  by  the  methods  given  in  Sect.  1  for  bending  and  direct  stress.  The 
usual  methods  often  neglect  entirely  the  effect  of  the  eccentric  connection,  which  leads  to  a  faulty  design. 

In  addition  to  the  large  bending  stresses  in  the  member  in  question,  as  shown  in  the  detail  of  lig.  154  (o),  there 
is  also  present  the  effect  of  the  eccentric  load  on  the  other  truss  members.  A  load  applied  to  the  side  of  a  plate,  as 
shown  in  Fig.  (a),  tends  to  twist  the  top  chord  out  of  line,  thereby  setting  up 
additional  btresseb  in  the  chord  section.  It  therefore  seems  best  to  specify 
that  all  members  carrying  calculated  stress  shall  be  composed  of  symmetrical 
sections,  or  sections  which  will  allow  a  symmetrical  connection  of  the  form  shown 
in  Fig.  (6)  to  be  made. 

The  methods  of  design  for  joint  and  member  connections,  and  the  general 
methods  of  detailing  have  been  given  in  Sect.  2.  Application  of  the  principles 
of  this  article  and  of  the  chapters  quoted  will  be  found  in  the  design  of  roof 
trusses  given  in  later  chapters. 


1 


Fig.  154, 


133.  Loadings  for  Roof  Trusses. — The  load  to  be  carried 
by  a  roof  truss  consists  of  the  weight  of  the  truss,  the  roof  Z-j 
covering,  purlins,  bracing,  and  any  other  loads,  such  as  ceilings, 
suspended  floors,  and  machinery,  etc.,  in  factory  buildings.  In 
addition  to  these  loads,  the  roof  must  be  designed  to  carry  the  maximum  wind  and  snow 
loads  which  experience  shows  are  likely  to  occur  in  the  particular  locality.  These  loads  will 
be  considered  in  the  following  arti(;les. 


Table  5. — Weights  of  Building  Materials 

(Pounds  per  square  foot) 

Copper  roofing,  sheets 1^ 

Corrugated  iron,  painted  or  galvanized 

No.  26,  1  lb.;  No.  24.  1.3  lb.;  No.  22,  1.61b.;  No.  20,  1.9  lb.;  No.  18,  2.61b.;  No.  16,  3.3  lb. 

Felt  and  asphalt  roofing 2 

Felt  and  gravel  roofing 8  to  10 

Plastered  ceiling 10 

Sheathing,  1  in.  thick 

White  pine,  hemlock,  spruce 3 

Yellow  southern  pine 4 

Shingles,  common » 2H  to  3 

Skylights,  including  frames 

M-in.  glass,  4M  lb.;  5Ks-in.,  5  lb.;  H-\n.,  6  lb. 

Tile,  corrugated,  8-10;  flat,  15-20. 

Tin,  sheets  or  ahingles 1  to  IH 
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When  a  roof  truss  is  to  be  designed  to  carry  additional  loads  of  the  nature  mentioned  above, 
the  amount  of  these  loads  must  be  determined,  together  with  their  points  of  application  on  the 
truss.  The  maximum  stresses  in  the  members  of  the  truss  are  then  to  be  determined  by  the 
methods  of  Sect.  1,  or  in  certain  cases,  the  stress  coefficients  of  the  following  chapter  can  be  used. 
To  assist  in  the  calculation  of  these  loads  there  is  given  in  Table  5  the  weights  of  building  mate- 
rials in  common  use  for  roofing. 

184.  Weight  of  Roof  Trusses. — The  weight  of  a  roof  truss  must  be  known  before  the  true 
Tpj^Yim^iTn  stresses  can  be  determined.  Since  the  size  of  the  members,  and  therefore  their  true 
weight,  is  dependent  upon  the  stresses,  it  follows  that  the  true  weight  of  the  truss  must  be 
known  before  a  correct  design  can  be  made.  The  true  weight  of  a  truss  can  be  determined 
by  cuts  and  try  methods.  A  preliminary  design  can  be  made  using  an  assumed  weight. 
The  weight  of  the  structure  as  designed  can  then  be  determined  and  the  assumed  and  calcu- 
lated weights  compared.  If  these  weights  do  not  agree  within  a  reasonable  limit,  another 
design  must  be  made,  \ising  an  estimated  weight  based  on  the  calculated  weight  of  the  pre- 
liminary design.    This  process,  if  repeated,  will  finally  lead  to  the  desired  true  weight. 

In  general  it  will  be  found  that  for  trusses  of  moderate  size,  spans  of  80  feet  or  less,  the 
weight  of  the  truss  is  a  small  part  of  the  total  load  to  be  carried.  The  greater  part  of  the  load, 
as  the  weight  of  the  roofing,  purlins,  bracing,  and  the  wind  and  snow  loads,  can  be  determined  as 
soon  as  the  local  conditions  are  known.  For  trusses  of  the  size  mentioned,  it  will  be  found  that 
the  weight  of  the  truss  represents  about  10  or  15  %  of  the  total  load  to  be  carried.  Therefore 
the  preliminary  estimate  of  truss  weight  need  not  be  very  accurate,  as  a  relatively  large 
error  in  the  estimated  weight  will  result  in  a  small  error  in  the  total  load.  Thus,  if  the  dead 
load  be  15  %  of  the  total  load,  and  an  error  of  30  %  be  made  in  estimating  the  dead  load, 
the  resulting  error  is  0.3  X  15  =  4.5  %  of  the  total  load.  It  is  therefore  probable  that  the 
true  weight,  as  determined  by  the  procei^s  outlined  above,  can  be  found  from  the  second  trial 
design. 

Bridge  companies  and  designing  engineers  have  collected  the  actual  shipping  weights  of 
roof  trusses  of  moderate  span  designed  for  a  great  variety  of  loading  conditions.  From  this 
information  empirical  formulas  have  been  derived  from  which  it  is  possible  to  estimate  the 
approximate  weight  of  a  given  truss.  Instead  of  using  the  long  process  indicated  above,  the 
weight  of  a  truss  is  calculated  from  a  selected  formula.  If  the  proper  formula  has  been 
used,  the  actual  and  assumed  weights  will  usually  be  found  to  agree  within  reasonable  h'mits, 
and  a  revision  will  not  be  necessary. 

The  factors  which  influence  the  weight  of  a  roof  truss  are  the  type  of  truss,  pitch  of  roof, 
character  of  roof  covering,  distance  between  trusses,  amount  and  distribution  of  loading,  as- 
sumed combinations  of  loading,  working  stresses,  general  requirements  of  the  specifications  as 
to  details  and  minimum  thickness  of  material,  and  the  person^d  equation  of  the  designer.  It 
can  be  seen,  then,  that  a  formula  for  roof  truss  weight,  in  order  to  yield  reliable  results,  must  be 
used  for  the  conditions  for  which  it  was  derived.  In  most  cases  this  information  is  not  given 
with  the  formula.  As  there  are  so  many  factors  which  effect  the  weight  of  a  truss,  it  is  to  be 
expected  that  the  formulas  collected  from  different  sources  will  not  agree.  An  interesting 
comparison  of  this  nature  made  by  R.  Fleming  is  given  in  the  Eng,  News-Record^  Vol.  82,  No. 
12,  March  20,  1919,  p.  576,  to  which  the  reader  is  referred. 

From  an  examination  of  the  weight  data  for  a  large  number  of  simple  roof  trusses  of  yi  pitch  supported  on 
maaonry  walls,  the  weight  per  sq.  ft.  of  horizontal  covered  area  was  found  to  range  from  about  2  to  2.5  lb.  for  spans 
of  30  ft.  to  about  5  or  6  lb.  for  spans  of  100  ft.  Within  these  limits  the  weight  of  bracing  was  found  to  vary  from 
about  0.3  to 0.8  lb.  .Trusses  of  greater  or  less  slope  were  found  to  have  weights  differing  from  5  to  25 %  of  the'  values 
given  above.  The  variation  in  weigrit  due  to  different  loadings  was  found  to  be  equal  to  from  25  to  75  %  of  the 
change  in  loading.  Trusses  with  cambered  lower  chords  were  found  to  weigh  from  15  to  40%  more  than  corre- 
sponding tnissee  with  flat  chords. 

The  formulas  on  p.  466  are  a  few  of  those  proposed  for  the  determination  of  the  weight  of  roof  trusses. 
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Table  6. — Formulas  for  Weight  of  Roof  Trusses 

Formulas  for  Wooden  Roof  Trusaes 

IT  -  0.04L  +  0.000167LS  N.  C.  Ricker 

w  -  0.5    +  0.076L  H.  S.  Jaeoby 

w  -  0.75  +  O.IOL  M.  A.  Howe 

Formulas  for  Steel  Roof  Tnisses 

w  -  0.6L  -1-0.6  for  heavy  loads  \  p  ^  «__,__ 
uf  -  0.04L  H-  0.4  for  light  loads  /  ^'  ''^^^^^ 
w  -  0.20  (VX  -\-  0.125L)  Carnegie  Handbook 

For  40  lb.  per  sq.  ft.  capacity.     For  other  loads  multiply  formula  by  ratio:  Load  i>er  sq.  ft.  +  40. 
Fonhula  for  steel  mill  building  trusses 

Iff  -  ~(l  +  -A    )  M.  a  Ketchum 

*5^         5VA^ 

In  the  above  formulas,  w  —  weight  of  truss  in  lb.  per  sq.  ft.  of  horisontal  covered  area,  L  ■■  span  in  feett 
A  "  distance  between  centers  of  trusses  in  feet,  and  P  ■■  capacity  of  tnus  in  pounds  per  sq.  ft.  of  horisontal 
covered  area. 

In  roof  trusses  for  large  structures,  such  as  long  span  trusses  for  train  sheds  or  auditoriumi»,  the  dead  weight  of 
the  trusses  form  a  large  part  of  the  total  load  to  be- carried.  The  weight  of  the  trusses  must  then  be  known  within 
much  narrower  limits  than  in  the  case  of  short  spans.  As  long  span  roof  trusses  are  not  as  common  as  those  of 
hhorter  spans,  there  is  available  very  little  weight  data  from  which  to  derive  weight  formulas.  Also,  the  conditions 
to  be  met  differ  so  widely  that  a  general  formula  available  for  all  cases  is  entirely  out  of  the  question.  The  designer 
must  then  resort  to  the  cut  and  try  method  outlined  above  for  the  determination  of  the  weight  of  the  trusses. 

136.  Wind  Loads. — The  maximum  wind  load  to  be  carried  by  a  roof  has  been  determined 
by  experiment  and  by  observation  of  the  results  of  severe  wind  storms.  Experiments  show  that 
the  pressure  on  a  plane  surface  normal  to  the  direction  of  the  wind  varies  approximately  with 
the  square  of  the  wind  velocity.  From  experiments  made  at  Mt.  Washington  in  1890,  Prof. 
Marvin  derived  the  formula^ 

P  =  0.0047* 

where  V  =  velocity  of  wind  in  miles  per  hour,  and  P  =  pressure  in  pounds  per  sq.  ft.  Later 
experiments  made  at  the  Eiffel  Tower  and  at  the  National  Physical  Laboratory  of  England 
gave  results  in  close  agreement,  but  with  somewhat  smaller  values  than  obtained  by  Prof. 
Marvin.    The  observed  values  are  expressed  by  the  formula 

P  =  0.0032  F« 

It  was  found  by  observation  that  the  pressure  varied  greatly  over  a  large  area,  due  to  the 
variable  character  of  the  wind.  During  the  erection  of  the  Forth  Bridge,  Sir  Benjamin  Baker 
found  that  the  ratio  of  unit  pressure  upon  an  area  of  IH  sq.  ft.  to  that  on  an  area  of  300  sq.  ft. 
varied  from  1.3  to  2.5,  averaging  1.5.  During  a  seven  year  period  the  maximum  observed  pres- 
sure on  the  smaller  area  was  41  lb.  per  sq.  ft. ;  while  that  on  the  larger  area  was  27  lb.* 

No  measurements  have  been  made  of  wind  pressures  during  tornadoes.  Damage  resulting 
to  structures  during  the  St.  Louis  tornado  of  1896  indicated  that  there  must  have  been  a  pressure 
of  60  lb.  per  sq.  ft.  on  a  length  of  180  ft.'  A  study  of  the  effects  of  tornadoes  made  by  C.  Shaler 
Smith  and  others  leads  to  the  conclusion  that  the  maximum  wind  pressures  are  exerted  over  a 
comparatively  small  width,  and  that  pressures  exceeding  30  lb.  per  sq.  ft.  are  not  likely  to  extend 
over  a  width  exceeding  60  ft.  * 

A  study  of  the  above  data  indicates  that  a  maximum  pressure  of  30  lb.  per  sq.  ft.  is  ample 
for  structures  in  an  exposed  position.  For  structures  in  a  protected  position,  20  to  25  lb.  per 
sq.  ft.  is  ample. 

The  results  quoted  above  are  for  surfaces  perpendicular  to  the  direction  of  the  wind,  which 
is  assumed  as  horizontal.  In  the  case  of  roof  trusses,  the  roof  surface  is  usually  inclined  to  l^e 
horizontal,  and  therefore  to  the  direction  of  the  wind.  It  is  usually  assumed  that  the  resultant 
pressure  of  the  wind  is  entirely  normal  to  the  roof  surface.  This  assumption  is  reasonable, 
since  the  friction  of  the  air  on  comparatively  smooth  surfaces  is  very  small.  The  component  of 
wind  pressure  parallel  to  the  roof  can  then  be  neglected  without  sensible  error. 

»  Eng.  New$,  Dec.  13,  1890.  •  Trans.  Am.  Soc.  C.  E.,  Vol.  XXXVII,  p.  221. 

*  Engineering,  Feb.  28,  1890.  *  Tran$.  Am.  Soc.  C.  B.,  Vol.  LIV,  p.  37. 
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The  pressure  on  surfftoes  indined  to  the  direction  of  th«i  wind  has  been  determined  by  experiment.  Ezperi- 
ments  made  in  1830  by  Col.  Duohemin,  a  French  army  officer,  are  the  basis  of  the  Duchemin  formula,  which  is 
considered  to  give  the  most  reliable  results  and  to  represent  the  best  knowledge  on 
the  subject.    The  Duchemin  formula  is  X^*^ 

P    .  p  2sintt  Ti'^f} 

1  +  su*a 

-where  P  "  unit  pressure  in  lb.  per  sq.  ft.  on  a  surface  perpendicular  to  the  direction  of    ^ 
the  wind,  Pn  ■■  component  of  pressure  normal  to  the  roof,  and  a  —  angle  which  the 
inclined  surface  makes  with  the  direction  of  the  wind.    The  vertical  and  horisontal 
components  of  Pm  shown  in  Fig.  156,  are  given  by  the  formulas 


FiQ.  155. 


Pk  -  P 


2  sin*  a 


and 


P. -P 


2  sin  a  cos  a 


1  +  sin*a  1  +  sin*  a 

where  Pk  and  P«  are  respectively  the  horisontal  and  vertical  components  of  the  unit  pressure.    Table  7  gives 
values  of  P»  for  various  angles. 

Tablb  7. — ^WiND  Load  in  Pounds  per  Square  Foot  of  Roof  Surface 


Inclination 

Normal  pressure,  Pn 

P  -  30  lb. 

P  -  20  lb. 

5» 

10* 

15» 
21«  48'  6"  (H  pitch) 
26»  33*  64"  (  Hpitch) 

30* 
330  4}/  24''  (H  pitch) 
46"    (M  pitch) 

60» 

00* 

5.1 
10.1 
14.6 
10.8 
22.4 
24.0 
25.5 
28.3 
20.7 
^     30.0 

3.4 

6.7 

0.7 

13.1     . 
14.0 
16.0 
17.0 
18.0 
10.8 
20.0 

Experiments  made  on  small  scale  models  of  buildings  indicate  that  the  action  of  the  wind  causes  a  suction  on  the 
leeward  tide  of  the  builaing  in  addition  to  the  pressure  on  the  windward  side.  An  account  of  these  experiments  will 
be  found  in  the  Proc.  Inst.  Civ.  Engrs.,  Vol.  CLVI,  p.  78,  Vol.  CLXXI,  p.  175;  and  in  the  Joum.  Western  Soc. 
Engrs.,  Feb.,  1011,  Apr.  and  Dec.,  1012.  WhOe  this  suction  undoubtedly  exists,  as  shown  by  the  bursting  efleet  of 
tornadoes,  it  is  difficult  to  formulate  a  set  of  practical  conditions  to  be  used  ab  a  basis  for  designing.  The  experiments 
quoted  above  were  made  on  small  models,  closed  on  the  leeward  side.  Open  windows  on  the  leeward  side  of  a  shop 
building,  or  monitors  ar  the  ridge,  will  relieve  all  or  a  part  of  the  pressure  due  to  suction.  This  action  should  be 
recognised  and  xnrovided  for  to  the  extent  of  making  all  members  capable  of  resisting  a  reversal  of  stress,  and 
by  providing  proper  anchorage  of  trusses. 

186.  Snow  Loads. — The  snow  load  to  be  carried  by  a  roof  truss  is  a  variable  quantity, 
depending  upon  the  slope  of  the  roof,  the  latitude,  and  the  humidity.  Dry  freshly  fallen  snow 
weighs  about  8  lb.  per  cu.  ft.,  and  may  attain  a  depth  of  3  ft.  on  flat  roofs.  Packed  or  wet 
snow  weighs  about  12  lb.  per  cu.  ft.,  but  seldom  will  be  found  at  greater  depths  than  18  in. 

Table  8  gives  snow  loads  for  various  latitudes  and  roof  pitches. 

Table  8. — Snow  Loads  for  Roof  Trusses 
(Pounds  per  sq.  ft.  of  roof  surface) 


Location 

Pitch  of  roof 

>i 

H 

>i 

H 

5 
22 
27 
35 
37 

Flat 

Southern  States  and  Pacific  Slope 

Central  States 

•     t 

0-0 

0-5 

0-10 

0-10 

0-12 

•     t 

0-5 

7-10 

10-15 

10-15 

12-18 

•     t 
0-5 
15-20 
20-25 
20  25 
25-30 

5 
30 
35 
40 
45 

Rocky  Mountain  States 

^7«w  l^nglf^nd  Rtates, 

Northwest  States 

*  For  slate,  tile,  or  metal  roofs,     t  For  shingle  roofs. 
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137.  Combinations  of  Loads. — ^The  proper  combination  of  wind  and  snow  load  to  be  used 
with  the  dead  load  for  the  determination  of  the  maximum  stresses  in  the  members  of  a  truss  is 
largely  a  matter  of  judgment  on  the  part  of  the  designer.  It  is  generally  assumed  that  the  wind 
pressure  acts  normal  to  the  windward  surface  of  the  roof,  there  being  no  pressure  on  the  leeward 
surface.  The  unit  pressure  on  a  vertical  surface  is  generally  taken  at  30  lb.  per  sq.  ft.  for  exposed 
structures  and  at  20  lb.  per  sq.  ft.  for  sheltered  structures.  Pressures  on  inclined  surfaces  are 
usually  determined  by  the  Duchemin  formula  for  which  values  are  given  in  Table  7  of  Art.  135. 
The  snow  loads  are  given  by  Table  8  of  Art.  136. 

Some  designers  assume  that  the  maximum  stresses  in  a  roof  truss  are  due  to  the  dead  load 
and  a  combination  of  the  full  wind  and  snow  loads  acting  at  the  same  time.  This  does  not  seem 
to  be  a  reasonable  assumption,  for  it  implies  that  the  snow  remains  undisturbed  under  a  wind 
velocity  of  100  miles  per  hour.  A  wind  storm  of  this  intensity  would  blow  all  of  the  snow  ofif 
a  roof  as  fast  as  it  falls. 

Wet  snow  or  sleet  is  likely  to  adhere  to  the  roof  surface  even  in  a  high  wind,  but  the  depth 
of  such  a  deposit  will  seldom  be  greater  than  one-half  of  the  probable  maximum  for  that  region. 
It  would  then  seem  best  to  provide  for  the  maximum  wind  load  and  a  snow  load  equal  to  one^ialf 
the  value  given  in  Table  8.  In  some  cases  the  minimum  snow  is  assumed  to  be  10  lb.  per  sq. 
ft.  of  roof  for  all  slopes.  To  provide  for  the  condition  that  a  heavy  snow  storm  may  be  accom- 
panied by  a  light  wind,  it  is  sometimes  specified  that  the  maximum  snow  load  shall  be  combined 
with  a  wind  pressure  of  such  intensity  that  the  snow  load  will  not  be  disturbed.  This  wind 
pressure  is  estimated  at  from  M  to  J^  of  the  maximum  wind  pressure. 

Other  designers  assume  that  the  snow  load  exists  only  on  the  leeward  surface  of  the  truss 
in  combining  wind  and  snow  loads.  This  assumption  does  not  seem  reasonable,  as  eddy  cur- 
rents are  set  up  on  the  leeward  surface  of  the  truss  due  to  the  reduction  of  pressure  caused 
by  the  wind  blowing  over  the  top  of  the  roof.  These  currents  of  air  tend  to  clear  the  leeward 
surface  of  all  snow. 

The  combinations  of  loading  which  seem  to  be  most  reasonable,  and  to  approximate  actual 
conditions  are : 

(a)  Dead  load  and  maximum  snow  load. 

(b)  Dead  load,  maximum  wind  load,  and  one-half  the  snow  load  or  a  minimum  snow  load 
of  10  lb.  per  sq.  ft.  of  roof. 

(c)  Dead  load,  one-half  or  one-third  wind  load,  and  maximum  snow  load. 

The  stress  to  be  used  in  the  design  of  the  member  is  the  greatest  obtained  from  these  combi- 
nations. In  a  region  of  moderate  snow  fall  it  will  be  found  that  the  stresses  obtained  for  (b)  and 
(c)  are  practically  equal  for  trusses  of  the  type  of  Fig.  144.  For  very  large  roofs  of  varying 
slopes  both  combinations  must  be  tried  out  to  determine  the  maximum  stress.  Where  a 
heavy  snow  fall  occurs,  as  in  the  far  North,  it  is  very  likely  that  cases  (a)  or  (c)  will  give  the 
maximum  stress. 

It  has  been  found  that  for  simple  roof  trusses  of  the  type  shown  in  Fig.  144  resting  on 
masonry  walls,  the  maximum  stresses  due  to  wind  and  snow  loading  for  cases  (b)  and  (c)  do 
not  differ  materially  from  those  determined  for  a  uniform  vertical  load  over  the  entire  roof 
surface.  The  great  advantage  of  such  a  method,  for  the  cases  to  which  it  will  apply,  is  the 
ease  with  which  the  stresses  can  be  determined.  By  means  of  the  tables  of  stress  coefficients 
given  in  the  chapter  which  follows,  the  time  spent  in  stress  calculation  can  be  reduced  greatly. 

Before  this  short  cut  method  of  stress  caloulation  is  applied  to  the  determination  of  the  stresses  in  a  given  inns, 
it  is  necessary  to  know  the  limitations  of  the  method.  Comparative  stress  calculations  made  by  the  uniform 
vertical  load  method  and  by  the  normal  wind  load  method  for  trusses  of  the  Fink,  Pratt,  and  Howe  type,  as  shown 
in  Figs.  144(a)  to  (k)  incl.,  and  (p)  show  that  for  wind  effect  only,  the  first  method  of  calculation  gives  chord  stresses 
which  are  greater  than  those  obtained  by  the  second  method,  while  the  second  method  gives  stresses  in  some  of  the 
interior  members  which  are  greater  than  those  obtained  by  the  first  method.  In  no  case  was  a  reversal  of  stress 
found  to  occur.  Since  the  stresses  due  to  wind  form  from  H  to  >^  of  the  total  stress  in  the  members,  it  was  found 
that  when  the  combined  effect  of  the  dead,  snow,  &vd  wind  loads  was  considered,  the  total  stresses  obtained  by  the 
two  methods  were  close  enough  for  all  practical  purposes. 

One  of  the  important  points  in  a  short  cut  method  of  this  nature  is  the  selection  of  the  proper  equivalent 
uniform  load  to  be  used.  This  is  a  matter  on  which  the  designer  must  use  his  judgment.  Before  deciding  on  the 
load  to  be  used,  the  designer  should  make  a  study  of  the  case  in  hand.     By  trial  an  equivalent  load  can  be  deter- 
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milled  which  will  answer  the  oonditioDB.     This  load  will  differ  for  trusses  of  different  tjrpee,  a  point  which  must  be 
oheoked  ap  by  the  designer.     Table  9  gives  values  of  combined  wind  and  snow  loads. 

Table  9. — Combined  Wind  and  Snow  Loads  for  Roof  Tbusbes 

(Pounds  per  sq.  ft.  of  roof  surface) 


LooatioQ 

Pitch  of  roof 

60» 

45» 

H 

K 

H 

Fh&t 

Northwest  States 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

25 
25 
25 
25 
25 

30 
25 
25 
25 
25 

37 
35 
27 
22 
22 

45 
40 
35 
30 
20 

New  England  States 

RfM»ky  Mountain  States ...  ... 

Central  States 

Southern  and  Pacific  States 

A  point  which  comes  up  in  the  determination  of  the  areas  of  the  sections  for  the  members  of  a  roof  truss  is  the 
working  stresses  to  be  used  for  the  different  kinds  of  loadings.  Most  designers  determine  the  maximum  stresses  by 
either  of  the  methods  mentioned  above  and  apply  the  same  working  stresses  for  all  loadings. 

In  deciding  this  point,  it  should  be  noted  that  the  loads  carried  by  a  roof  truss  differ  in  nature.  Thus  the  dead 
load  is  always  present,  and  must  be  included  in  all  combinations  of  lolding.  The  snow  load  is  not  always  present, 
but  when  present,  it  can  be  expected  to  exist  for  a  considerable  time.  For  loads  of  the  character  of  the  dead  and 
snow  loads,  which  may  be  considered  as  permanent  loads,  the  allowable  working  stresses  as  specified,  should  be  used. 
The  wind  load,  on  the  other  hand,  is  quite  variable  in  nature.  From  the  values  given  in  Art.  135,  the  specified 
wind  load  of  30  lb.  per  sq.  ft.  is  due  to  a  wind  Velocity  of  about  100  miles  per  hour.  Such  a  wind  pressure  is  then  an 
extreme  condition  which  is  encountered  but  few  times  in  the  life  of  a  structure,  and  then  only  for  very  short  intervals 
of  time.  Maximum  wind  pressure  can  then  be  classed  as  an  occasional  loading,  and  the  working  stresses  modified 
accordingly.  This  point  has  been  discussed  by  R.  Fleming  in  an  excellent  series  of  articles  on  "Wind  Stresses."^ 
He  recommends  that  the  working  stresses  for  wind  loads,  when  combined  with  dead  and  snow  loads,  be  increased 
50%.  This  is  done  by  decreasing  the  intensity  of  the  unit  wind  pressu*'e  by  Hi  And  applsring  the  same  working 
stresses  as  for  the  dead  and  snow  loads.  Further  discussion  of  this  Question  will  be  found  in  the  chapters  on  steel 
roof  truss  design. 


ROOF  TRUSSES— STRESS  DATA 


By  W.  S.  Kinnb 

188.  Stress  Coefficients. — Where  the  stresses  are  to  be  calculated  for  a  great  many  struc- 
turee,  in  which  the  t^^pe  of  truss  and  the  character  of  loading  are  exactly  the  same,  the  time 
spent  in  stress  calculation  can  be  reduced  greatly  by  the  use  of  stress  coefficients.  A  type  of 
structure  to  which  the  calculation  of  stresses  by  coefficients  is  readily  adapted  is  the  roof  truss, 
for  which  in  general  the  applied  loads  consist  of  equal  panel  loads  placed  at  the  panel  points  of 
the  truss.  Since  in  general  it  is  possible  to  arrange  the  calculations  so  that  the  only  variable 
is  the  amount  of  the  equal  applied  loads,  which  for  convenience  are  taken  as  unit  loads,  the 
stresses  in  all  members  of  the  truss  can  be  expressed  as  a  function  of  the  form  of  the  truss  and 
the  position  of  the  loads.  This  factor  is  known  as  a  stress  coefficient.  If  then,  the  panel  loads 
are  determined,  subject  to  conditions  depending  upon  the  size  of  the  truss  and  the  intensity  of 
the  applied  loads,  the  stress  in  any  member  is  obtained  by  multiplying  the  actual  panel  load  by 
the  stress  coefficient  for  the  member  in  question. 

In  the  present  chapter,  tables  of  stress  coefficients  have  been  worked  out  for  some  of  the 
standard  forms  of  roof  trusses.  A  general  formtda  is  given  by  which  the  stress  coefficient  for 
any  member  is  expressed  in  terms  of  the  form  of  the  truss.  Special  numerical  values  of  these 
coefficients  have  been  calculated  and  are  tabulated  for  a  few  of  the  pitch  ratios  generally  used 
in  practice.  A  more  complete  discussion  of  the  conditions  to  which  the  tables  apply  will  be 
given  in  the  following  articles. 

■  Sno.  N9W9,  Vol.  78,  No.  5,  Feb.  4,  1915,  p.  210. 
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The  numerical  vitlues  of  the  Btrees  ooeffidenU  given  in  the  tablet  at  the  end  of  this  chapter  have  been  exprceoed 
to  three  significant  figures.  Therefore,  all  streaeea  calculated  from  these  tables  are  accurate  only  to  three  signifi- 
cant figures.  For  example:  Suppose  that  the  panel  load  for  a  given  truss,  calculated  by  the  methods  given  in  the 
chapters  on  the  "Detailed  Design  of  Roof  Trusses"  is  3,520  lb.,  and  suppose  that  the  stress  coefficient  for  the  member 
whose  stress  is  demred  is  4.52.  Assuming  three  figure  accuracy,  the  stress  in  the  member  is  3,520  X  4.52  —  15,900 
lb.  It  is  of  course  possible  to  multiply  out  these  quantities,  obtaining  the  result,  3,520  X  4.52  >«  15,910.40  lb. 
But  since  in  calculating  the  coefficients  we  retain  only  three  significant  figures,  the  coefficient  4.52  may  mean  any- 
thing from  4.515  to  4.525,  and  the  corresponding  products  will  be  3,520  X  4.515  -  15,892.80,  and  3,520  X  4.525  - 
15.928.00.  However,  as  the  original  data  is  accurate  only  to  three  places,  it  is  quite  evident  that  the  result  of  any 
manipulation  of  these  data  can  be  accurate  only  to  the  same  number  of  places.  If  we  decide  to  retain  only  three 
significant  figures  in  the  above  multiplicaUons,  we  proceed  to  discard  any  figures  in  the  fourth  place  below  a  five, 
and  retain  any  figtire  in  the  fourth  place  above  the  five  by  changing  the  third  significant  figure  to  the  next  higher 
number.  Thus  in  each  case  the  result  is  found  to  be  15,900  lb.  It  will  be  noted  that  in  each  case  the  change  made 
is  less  than  1  %  of  the  result.  From  an  examination  of  the  design  tables  given  in  the  chapters  on  the  "Detailed 
Design  of  Roof  Trusses"  it  can  be  seen  that  stresses  obtained  with  this  degree  of  accuracy  are  close  enough  for 
all  designing  Conditions. 

If  the  designer  desires  more  accurate  results,  he  can  make  the  proper  substitutions  in  the  general  formulas  for 
the  stress  coefficients,  retaining  the  desired  number  of  significant  figures. 

139.  Arrangement  of  Tables  of  Stress  Coefficients — Notation  Adopted. — The  tables  of 
stress  coefficients  given  at  the  end  of  this  chapter  have  been  made  up  for  some  of  the  standard 
forms  of  roof  trusses  of  the  type  shown  in  Fig.  144,  p.  455.  In  each  of  these  tables,  a  truss  dia- 
gram showB  the  form  of  the  truss  and  the  position  of  the  applied  loads.  Each  member  of  the 
truss  is  represented  by  a  number,  which  is  placed  on  the  truss  diagram.  By  locating  the  mem- 
ber whose  stress  is  desired,  its  reference  number  can  be  determined,  and  by  looking  up  this 
reference  number  in  the  table,  the  stress  in  the  member  can  be  determined.  Where  several 
members  have  equal  stresses,  the  same  reference  number  has  been  used. 

Two  methods  have  been  used  to  indicate  the  kind  of  stress  in  the  members.  One  method 
indicates  the  character  of  the  stress  by  the  weight  of  the  lines  used  in  the  loading  diagram  at  the 
head  of  each  table.  Heavy  lines  denote  compression,  light  lines  denote  tension,  and  dotted 
lines  denote  zero  stress.  The  other  method  indicates  the  character  of  the  stress  by  means  of 
the  sign  used  with  the  numerical  value  pf  the  stress  coefficient.  A  plus  sign  is  used  to  indi- 
cate tension,  and  a  minus  sign  is  used  to  indicate  compression.  There  are  a  few  members  in 
the  trusses  of  Tables  27  and  28  for  which  a  reversal  of  stress  occurs.  In  such  cases  the  sign 
given  with  the  stress  coefficient  must  be  used  to  obtain  the  character  of  the  stress. 

In  deriving  the  stress  coefficients,  it  was  found  convenient  to  express  them  in  terms  of  the  ratio  of  span  length 
to  height  of  truss  at  the  span  center.  The  resulting  ratio,  which  is  denoted  by  n,  is  given  by  the  expression  n  — 
l/h,  where  I  —  span  length  and  h  «  height  of  truss.  It  will  be  noted  that  this  ratio  is  the  reciprocal  of  the  pitch  oi 
the  truss,  as  defined  in  the  chapter  on  "Roof  Trusses— General  Design.'*  In  calculating  the  numerical  values  of  the 
stress  coefficients,  substitutions  were  made  in  the  general  formulas  for  the  pitch  ratios  in  general  use.  If  values  for 
other  pitch  ratios  are  desired,  they  can  be  obtained  by  interpolation  from  the  values  given  in  the  tables,  or  they  can 
be  calculated  directly  from  the  general  formulas. 

140.  Stress  Coefficients  for  Vertical  Loading. — Tables  1  to  '26  give  stress  coefficients  due 
to  vertical  loading  for  several  of  the  types  of  trusses  commonly  used  for  roofs.  Two  general 
cases  will  be  considered :  (a)  equal  loads  applied  at  all  top  chord  panel  points,  known  also  as 
roof  loads;  and  (b)  equal  loads  applied  at  all  lower  chord  points,  known  also  as  ceiling  loads. 
These  cases  will  be  discussed  separately. 

140a.  Roof  Loads. — Tables  1  to  17  give  stress  coefficients  for  Pink,  Fan,  Pratt, 
and  Howe  trusses  of  various  numbers  of  panels  due  to  equal  vertical  loads  applied  at  the  top 
chord  points.  Tables  15,  16,  and  17  are  for  Fink  trusses  for  which  the  lower  chord  has  been 
cambered  for  the  sake  of  appearance  This  introduces  another  variable.  A;,  by  means  ol  which 
the  rise  of  the  lower  chord  member  is  expressed  as  a  fractional  part  of  the  height  of  the  truss. 
Numerical  values  of  the  stress  coefficients  have  been  calculated  for  the  usual  values  of  n  and 
for  three  values  of  k. 

1406.  Ceiling  Loads. — Where  the  top  and  bottom  chord  panel  points  lie  on  the 
same  vertical  line,  as  in  the  Pratt  trusses  of  Tables  7  to  10  and  the  Howe  trusses  of  Tables  11  to 
14,  stress  coefficients  for  panel  loads  applied  at  the  lower  chord  points  can  be  obtained  from  thoee 
given  for  roof  loads  by  the  application  of  a  simple  rule.    This  rule  is  as  follows':  Stress  coeffi- 
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cients  due  to  ceiling  loads  for  all  members  in  Pratt  and  Howe  trusses,  except  verticalsj  are  the 
same  as  given  in  Tables  7  to  14  for  roof  loads.  Stress  coefficients  for  stresses  in  vertical  mewr 
hers  due  to  ceiling  loads  can  be  obtained  from  the  values  given  in  Tables  7  to  14  by  adding  H- 1 
(algebraic  addition)  to  the  stress  coefficients  for  roof  loads.  By  adding  +1  algebraically^  the 
sign  of  the  result  will  indicate  the  character  of  stress  in  the  vertical  (+  =  tension,  —  =  compres- 
sion) and  the  numerical  value  will  give  the  amoimt  of  the  stress. 

As  an  ez»mple  fA  the  application  of  this  rule,  supiKMe  that  the  stress  coefficients  are  desired  for  the  vertical 
members  of  the  Howe  truss  of  Table  12.  Note  that  the  stresses  in  vertical  members  are  independent  of  the  value  of 
».  Applying  the  above  rule  to  member  6,  the  stress  coefficient  for  a  ceiling  load  is  0  +  1  —  4*  1,  or  a  tension  of 
1,  as  indicated  by  the  plus  sign.    Likewise  for  member  7  we  have  +  1  +  0.5  —  +  1.5,  or  a  tension  of  1.5. 

Appbring  the  same  rule  to  the  Pratt  truss  of  Table  8,  the  stress  coefficient  for  member  3  due  to  ceiling  loads  is 
+  1  —  1  —  0,  or  sero  stress.  For  member  4  we  have  —  1.60  +  1.00  ■■  —  0.50,  or  a  compression  of  0.60.  For 
member  10*  we  have  0  +  1>0  ■■  1.0,  or  a  tension  of  1. 

The  rule  given  above  does  not  apply  to  the  trusses  of  1* ables  1  to  6  and  15  to  17.  Special 
tables  of  stress  coefficients  for  ceiling  loads  are  given  for  these  trusses  in  Tables  18  to  26.  Tables 
18  to  21  are  for  unsymmetrical  loads  such  as  lines  of  shafting,  heavy  pipe  lines,  or  machinery 
loads.  Tables  22  and  23  are  for  symmetrical  loads,  such  as  ceiling  or.  floor  loads,  and  can  be 
made  to  include  the  weight  of  purlins,  floor  or  ceiling  joist,  floor  and  ceiling  loads,  and  live  loads 
applied  to  an  attic  floor. 

If  stresses  are  desired  for  all  lower  chord  points  loaded,  the  stresses  calculated  for  the  partial 
loads,  as  given  by  Tables  22  and  23  can  be  added 

to  obtain  the  total  stresses.      It  will  usually  be    ^^^"^  LeffendfJxa^RighfsndfnBe. 
found  that  stress  calculations  can  be  made  by  this       Dir9cfionj£js^ 
process  in  less  time  than  is  required  by  the  graph-  ^  \^ 

ical  methods  given  in  Sect.  1.  tf 

Tables  24  to  26  for  a  cambered  Fink  truss    Case  21  Left  end  fr^^^end  fixed 
are  similar  to  Tables  21  to  23  for  the  straight 
chord  Fink  truss. 

141.  Stress  Coefficients  for  Wind  Loads. — In 
the  discussion  in  Art.  135,  it  was  pointed  out  that 

for  trusses  of  the  Fink,  Fan,  Pratt,  and  Howe  tjrpe.    Case  IE  Bofh  ends  fhee;  f?,-/?^ 
wind  stresses   calculated   for    a  vertical   loading  ^ 

represent  tairly  well  the  effect  of  wind  loads.     The  J^» 

stress  coefficients  of  Tables  1  to  17  can  be  used  for 
this  assumed  wind  loading. 

In  case  a  more  exact  determination  of  wind   ^^<^  ^  Bcsth  ends  ft«d,  Rtect^  n^ 
stresses  is   desired,  stress  coefficients  have  been                            3''^^'^^\w  ^ 

worked  out  for  Fink  and  Howe  trusses  for  wind       rS^b  *^t^^ ^^  .^^^  §'^/^f 


loads  applied  normal  to  the  windward  roof  surface.  ^ft^  fw^f^  '^  ' 

Since  wind  loads  acting  normal  to  the  roof  surface  ^ 

cause  reactions  which  have  horizontal  components,    ^'*'-  ise.-Assmnedrea^^conditions  for  wind 

the  stress  wiU  depend  upn  the  conditions  at  the 

points  of  support.  Fig.  156  shows  the  conditions  assumed  at  the  supports.  Cases  I,  II,  and 
III  are  intended  to  represent  conditions  in  steel  trusses,  where  provision  for  expansion  due  to 
temperature  changes  must  be  made  at  the  walls.  Three  common  assiunptions  are  shown  in 
Fig.  156.  It  will  be  noted  that  these  assumptions  affect  the  stresses  in  the  lower  chord  mem- 
ber only,  and  the  tabulation  of  stress  coefficients  is  arranged  accordingly.  Case  IV  represents 
conditions  in  small  steel  trusses,  and  in  all  spans  of  wooden  trusses,  for  in  these  spans  expan- 
sion due  to  temperature  need  not  be  considered. 
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Table  1. — Stress  Coepficibnts — Fink  Truss 


• 

Member 

General  formula 

• 

Value  of  n 

• 

3 
«  -  33*  -  41' 

2V3 

e  -  30* 

4 
d  -  26*  -  34' 

6 

d  -  21"  -  48' 

6 
»  -  18*  -  26' 

1 

-HWN 

-2.70 

-3.00 

-3.35 

-4.04 

-4.74 

2 

"i^  (3n«  +  4) 

-2.15 

-2.60 

-2.91 

-3.67 

-4.43 

3 

Wn 

N 

-0.832 

-0.866 

-0.894 

-0.929 

-0.949 

4 

■^yiwn 

+0.750 

+0.868 

+  1.00 

+  1.26 

+  1.60 

5 

-\-KWn 

+2.25 

+  2.60 

+3.00 

+3.76 

+4.60 

6 

+HWn 

+  1.60 

+  1.73 

+2.00 

+2.60 

+3.00 

+  —  tension 


—  —  compr^eion 
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Table  2. — Stress  Coefficients — Compound  Fink  Truss 


Member 

General 
formul* 

Value  of  n 

3 
tf  -  33»  -  41' 

2VZ 
$  -  30* 

4 
«  -  26*  -  34' 

6 

tf  -  2r  -  48' 

6 
e  -  18* -26' 

1 

-•^AWN 

-6.31 

-7.00 

-7.83 

1 
-9.42          •         -11.07 

2 

-HWNiTN*  -  S) 

-6.76 

-6.60 

-7.38 

-9.06                   -10.76 

3 

-HWNijm^m 

-6.20 

-6.00 

-6. -93 

-8.68                  -10.43 

4 

-HWN(7Nf-2^) 

-4.65 

-5.60 

-6.48 

1 

-8.31                   -10.12 

6 

-^1^ 

-0.832 

-0.866 

-0.894 

-0.929 

-0.949 

6 

-2Tr^ 

-1.66 

-1.73 

-1.79 

-1.86 

-1.90 

7 

+  HWn 

+0.760              +0.868 

+  1.00 

+  1.25                   +1.60 

8 

+  HWn 

+  1.60 

+  1.73 

+2.00 

+2.60 

+3.00 

9 

-^HWn 

+2.25 

+2.60 

+3.00 

+3.76 

+4.60 

10 

-^HWn 

+6.26 

+  6.07 

+  7.00 

+8.75                  +10.60 

11 

•^HWn 

+4.60 

+5.20 

+6.00 

+7.60 

+9.00 

12 

-\-Wn 

+3.00 

+3.46 

+4.00 

+  5.00 

■ 

+6.00 

+  ■"  tension 


—  •-  compression 
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Table  3. — Stress  Coefficients — Compound  Fnnc  Truss 


Member 

1 

General 
formula 

Value  of  ti 

3 
a  -  33»  -  41' 

2>/3 
tf  -  30* 

4 
tf  -  26*  -  34' 

6 
•  -  21*  -  48' 

6 
0  -  18'-26' 

1 

-HWN 

-8.11 

• 

-9.00 

-10.06 

-12.12 

-14.21 

2 

W 
-H^i9n^  +  28) 

-7.66                -8.60 

-9.62 

-11.76 

-13.91 

3 

-M9^(37n«  +  100)          -6.00 

-6.80 

-7.74 

-9.62 

-11.31 

4       '           W 

|-^^(3n«  +  4) 

1 

-6.44 

-7.50 

-8.72 

-11.00 

-13.28 

5 

->4^(9n«+4) 

-5.88 

-7.00 

-8.28 

-10.63 

-12.98 

6 

-^s 

-0.832 

-0.866 

-0.894 

-0.929 

-0.949 

7 

-H.W'^ 

-1.31 

-1.38 

-1.45 

-1.56 

-1.66 

8 

■¥HWn 

+0.750 

+0.868 

+  1.00 

+  1.25 

+  1.60 

0 

+  HWn 

+2.25 

• 

+2.60 

+3.00 

+3.76 

+4.50 

10 

+  TFn 

+3.00                 +3.46 

+4.00                  +6.00 

+6.00 

11 

-^HWn 

+6.75 

+7.79 

+9.00 

+  11.25 

+  13.60 

12 

-\-2Wn 

+6.00 

+6.92 

+8.00 

+  10.00 

+  12.00 

13 

-\-HWn 

+3.76 

+4.34             +6.00                   +6.26 

1 

+7.50 

+  "  tension 


—  B  compresBion 
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TaBLB  4. — StBBSS  COKFFICIBNTS — FiNK  TrU88  WiTH  VERTICALS 


Member 

General 
formula 

Value  of  n 

3 
*  -  33*  -  41' 

2\/3 
•  -  30*» 

4 
#  -  26*  -  34' 

5 
•  -  21»  -  48' 

6 
tf  -  18*  -  26' 

1 

-liWN 

-6.81 

-7.00 

-7.83 

-0.42 

-11.07 

2          1       -If 

-1.00 

-1.00                  -1.00 

-1.00 

-1.00 

3          1       -2IF 

-2.00 

-2.00 

-2.00 

-2.00 

-2.00 

4 

-^HWM 

-1.26 

-1.32 

-1.41 

-1.60 

-1.80 

5 

'\-HWn 

+0.760 

+0.868 

+  1.00 

+  1.26 

+  1.50 

6 

+  HWM 

+2.50 

+2.64 

+2.82 

+3.20 

+3.60 

7 

■hHWM 

+3.75 

+3.96 

+4.23 

+4.^ 

+6.40 

8 

-\-7iWn 

+6.26 

+6.07 

+7.00 

+8.75 

+  10.60 

9 

■\-HWn 

+4.50 

+6.20 

+6.00 

+7.50 

+  9.00 

lo 

-h-Wn 

+3.00 

+3.46 

+4.00 

+6.00 

+6.00 

+  —  tenaion 


—  *■  oompreesion 


476 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec  3-141 


Table  5. — Stress  CoBrriciBNTB — Fan  Tsubs 


Member 

Genera] 
formul* 

Value  of  n 

3 

e  "  33*  -  41' 

2V3 
»  -  30* 

4 

«  -  26*  -  34' 

# 

5 
»  -  21*  -  48' 

6 
•  -  18-  -  26' 

1 

-HWN 

-4.51 

-5.00 

-5.59 

-6.73 

-7.91 

2 

-Mi]^(13^«-  16) 

-8.54 

-4.00 

-4.66 

-6.59 

-6.64 

3 

-Hi];;p(15A^«-48) 

-3.40 

-4.00 

-4.70 

-5.99 

-7.27 

4 

-HW'^(n«  +  36)^ 

-0.930 

-1.00 

-1.08 

-1.21 

-1.34 

5 

-^HWn 

+  1.60 

+  1.73 

+  2.00 

+2.60 

+8.00 

6 

-\-HWn 

+3.75 

+4.33 

+5.00 

+6.26 

+7.50 

7 

■^HWn 

+2.25 

+2.60 

+3.00 

+3.76 

+4.60 

+  "  teiurion 


—  ■-  oompreanon 
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Tablb  6. — Strbss  Cobpficibnts— Compound  Fan  Truss 


Member 

Qenerel 
formuU 

Value  of  n 

3 
tf  -  33*  -  41' 

2V3 
•  -  30* 

4 
tf  -  26"  -  34' 

5 
tf  -  21*  -  48' 

6 
tf  -  18'  -  26' 

li 

-^yiWN 

-9.92- 

-11.00 

-12.30 

-14.81 

-17.39 

3 

-HtJjrmN*  -  16) 

-8.96 

-10.00 

-11.26 

-13.66 

-16.13 

8 

-Ki^(33i^r«-48) 

-8.81 

-10.00 

-11.40 

-14.07 

-16.76 

4 

-Hi^(33JV«  -  72) 

-8.25 

-9.50 

-10.96 

-13.70 

-16.44 

5 

-Mi]7(31i^r«  -  88) 

-7.28 

-8.50 

-9.91 

-12.66 

-15.18 

0 

-Ki]^(88J\r«-  120) 

-7.14 

-8.60 

-10.06 

-12.96 

-16.93 

7 

-H»r^(»«  +  36)^ 

-0.930 

-1.00 

-1.08 

-1.21 

-1.34 

8 

Wn 

-2.50 

-2.60 

'-2.68 

-2.79 

-2.86 

9 

+HWn 

+  1.60 

+  1.78 

+2.00 

+2.60 

+3.00 

10 

-^HWn 

+2.26 

+2.60 

+3.00 

+3.75 

+4.50 

11 

+  HWn 

+3.76 

+4.33 

+6.00 

+  6.25 

+7.50 

13 

+»KlFn 

+8.25 

+9.63 

+  11.00 

+  13.75 

+  16.50 

13 

■^HWn 

+6.76 

+7.79 

+9.00                +11.25 

+  13.60 

14 

-^HWn 

+4.50 

+6.20 

+6.00                  +7.60 

+9.00 

+  M  teneion 


—  ■■  oompreflnon 
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Table  7. — Stress  Cobfficibnts — Pbatt  Truss— 4  Panels 


Member 

General 
formula 

Value  of  n 

3 
9  .  33*  -  41' 

2V3" 
$  -  30* 

4 
«  -  26*  -  34' 

6 
*  -  21*  -  48' 

6 

*  -  18*  -  ac 

1 

-%WN 

-2.70 

-3.00 

-3.35 

-4.04 

-4.74 

2 

"W 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

3 

+j(n«+16)'* 

+  1.26 

+  1.32 

+  1.41 

+  1.60 

+  1.80 

4 

+  HWn 

+2.26 

+  2.60 

+3.00 

+3.76 

+4.60 

5 

+  HWn 

+  1.50 

+  1.73 

+2.00 

+2.60 

+3.00 

6 

0 

0 

0 

0 

0 

.      0 

+   "  tension 


—   *  compression 
Fot  loads  on  lower  chord,  see  Art.  1406 


.  ^.*     i   - 
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Tablb  8. — Stress  Cobfficiibnts— Pratt  Truss — 6  PANUia 


Member 

Oeneral 
f<M-mula 

Value  of  n 

3 
«  -  33<»  _  41' 

2V3 
*  -  30» 

4 
«  -  26*  -  34' 

5 
«  -  21*  -  48' 

6 
*  -  18*  -  26' 

1 

-HWy 

-4.61 

-6.00 

-6.60 

-6.73 

• 

-7.91 

2 

-WN, 

-3,61 

-4.00 

-4.47 

-6.39 

-6.32 

3 

-IF 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

4 

-HW 

-1.50 

-1.60 

-1.60 

-1.60 

-1.60 

5 

+^(n«+16)^ 

+  1.26 

+  1.32 

* 

+1.41 

+  1.60 

+  1.80 

6 

+?(n«+86)^ 

+1.68 

+  1.73 

+  1.80 

+  1.96 

+2.12 

7 

'\-HWn 

+3.76 

+4-.33 

+6.00 

+6.26 

+7.60 

8 

+  IFn 

+3.00 

+3.46 

+4.00 

+5.00 

+6.00 

9 

-^-HWn 

+2.26 

+2.60 

+3.00 

+3.76 

+4.60 

10 

0 

0 

0 

0 

0 

0 

+  ->  teDdoii 


—   *  oompreenon 
For  loads  on  lower  chord  see  Art.  1406 
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Table  9. — Stebsb  Coefficients — ^Pbatt  Tbuss — 8  Panels 


Member 

General 
formula 

Value  of  n 

3 
tf  -  33*  -  41' 

2v^ 
$  -  30^ 

.4 
tf  -  26*  -  34' 

5 

*  -  21*  -  48' 

6 

*  -  18"  -  ac 

1 

-KWN 

-6.31 

-7.00 

-7.83 

-9.42 

-11.07 

2 

-HWN 

-6.41 

-6.00 

-6.71 

-8.08 

-9.49 

3 

-HWN 

-4.61 

-6.00 

-6.69 

-6.73 

-7.91 

4 

-W 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

5 

-HW 

-1.60 

-1.60 

-1.60 

-1.60 

-1.50 

6 

-2W 

-2.00 

-2.00    ' 

-2.00 

-2.00 

-2.00 

7 

-\-HW(n*  -j-  1Q)H 

+  1.26 

+  1.32 

+  1.41 

+  1.60 

+  1.80 

8 

+  >iTr(na  +  86)H 

+  1.68 

+  1.73 

+  1.80 

+  1.96 

+2.12 

9 

+HW(n*-\-M)H 

+2.14 

+2.18 

+2.24 

+2.36 

+2.60 

10 

-^HWn 

+6.26 

+6.06 

+7.00 

+8.76 

+  10.60 

11 

-^-HWn 

+4.60 

+6.20 

+6.00 

+7.60 

+9.00 

12 

+  HWn 

+3.76 

+4.33 

+6.00 

+6.25 

+7.60 

13 

+  Wn 

+3.00 

+3.46 

+4.00 

+6.00 

+6.00 

14 

0 

0 

0 

0 

0 

0 

+  ■■  tension 


—  «  oompreesion 
For  loads  on  lower  chord  see  Art.  1406 


S«c  9-141] 
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Tablb  1(X — Stbbss  CoBFFicaBNTB — ^Pratt  Tbuss — 10  Panbls 


w 


adoinbOT 

General 
formal* 

ft 
Value  of  n 

1 

8 
*  -  88»  -  41' 

2>/3 
*  -  80' 

4 
$   -  26»-  34' 

6 
«  -  21*  -  48' 

6 
^  -  18*  -  26' 

1 

-HWN 

-8.11 

-9.00 

-10.06 

-12.12 

-14.28 

2 

-2WN 

-7.21 

-8.00 

-  8.94 

-10.77 

-12.66 

8 

-HWN 

-6.31 

-7.00 

-  7.88 

-  9.42 

-11.07 

4 

-HWN 

-6.41 

-6.00 

-  6.71 

-  8.08 

-  9.49 

5 

-W 

-1.00 

-1.00 

-  1.00 

-  1.00 

-   1.00 

6 

-HIT 

-1.60 

-1.60 

-   1.60 

-  1.60 

-   1.50 

7 

-2IF 

-2.00 

-2.00 

-  2.00 

-  2.00 

-  2.00 

8 

-HW 

-2.60 

-2.60 

-  2.60 

-  2.50 

-  2.50 

9 

+-  in*  +  16)H 

+1.26 

+1.32 

+  1.41 

+  1.60 

+  1.80 

10 

+  Jin*  +  36)H 

+1.68 

+  1.73 

+  1.80 

+  1.96 

+  2.12 

11 

+ j(n«  +  64)H 

+2.14 

+2.18 

+  2.24 

+  2.36 

+  2.60 

12 

+7  («•  +  100)H 

+2.61 

+2.66 

+  2.69 

+2.80 

+  2.92 

13 

-^HWn 

+6.76 

+7.79 

+  9.00 

+  11.26 

+  13.60 

14 

+2IFn 

+6.00 

+6.93 

+  8.00 

+  10.00 

+  12.00 

15 

+%IFn 

+6.26 

+6.06 

+  7.00 

+  8.76 

+  10.60 

16 

-^HWn 

+4.50 

+6.20 

+  6.00 

+  7.60 

+  9.00 

17 

•\'HWn 

+3.76 

+4.38 

+  6.00 

+  6.26 

+  7.60 

18 

0 

0 

0 

0 

0 

0 

+  ■"  tension 


—  <M  oompreonon 
For  loadi  on  lower  chord  see  Art.  1406 
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Tabus  11. — Stbbss  Coafficisnts — Hows  TBU88r-4  Panbls 


Member 

Generftl 
formula 

Value  of  n 

3 
«  -  33*  .  41' 

2V3 
tf  -  30" 

4 
«  -  26*  -  34' 

6 
«  -  2r  -  48* 

6 
*  -  18*  -  28' 

1 

-HWN 

-2.70 

-3.00 

-3.36 

-4.04 

-4.74 

2 

-HWN 

-1.80 

-2.00 

-2.24 

-2.00 

-3.18 

3 

"HWN 

-0.900 

-1.00 

-1.12 

-1.86 

-1,68 

4 

0 

0 

0 

0 

0 

0 

5 

+3fF 

+3.0 

+3.0 

+3.0 

+3.0 

+3.0 

6 

■\-HWn 

+  2.26 

+  2.60 

+3.00 

+3.76 

+4.60 

+  —  tension 


—  *  compression 
Fot  loads  on  lower  chord,  see  Art.  1406 
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Table  12. — Stbsss  Cobfficibnts — Hows  Tbubs — 6  Panels 


Member 

General 
formula 

• 

Value  of  n 

3 
*  -  33»  -  41' 

2V3 
9-30* 

4 
«  -  26*  -  84' 

6 
*'-  ai*  -  48' 

6 
*  -  18*  -  26' 

1 

-HWN 

-4.61 

-6.00 

-6.69 

-6.73 

-7.91 

3 

-WN 

-8.61 

-4.00 

-4.47 

-6.39 

-6.32 

8 

HWN 

-2,70 

-3.00 

-3.36 

-4.04 

-4.74 

4 

-HWN 

-0.900 

-1.00 

-1.12 

-1.36 

-1.68 

5 

-KH^(n«  +  16)H 

+1.26 

+  1.32 

+  1.41 

+  1.60 

+  1.80 

6 

0 

0 

0 

0 

0 

0 

7 

+  2 

+0.600 

+0.600 

+0.600 

+0.600 

+0.600 

8 

+2Tr 

+2.00 

+2.00 

+2.00 

+2.00 

+2.00 

9 

'^y4,Wn 

+3.76 

+4.33 

+6.00 

+6.26 

+7.50 

10 

•k-Wn 

+3.00 

+3.46 

+4.00 

+6.00 

+6.00 

+  »  teotton 


—  ->  compresBioQ 
For  loads  on  lower  chord  see  Art.  1406 
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Table  13. — Stress  Coefficientb — Howe  Truss — ^8  Panels 


Member 

Oeneral 
fonnula 

Value  of  n 

3 
tf  -  33'  -  41' 

2V3 
*  -  30* 

4 
•  -  26*  -  84' 

5 
*  -  21*  -  48' 

6 

•  -  18*  -  ao* 

1 

-HWN 

-6.31 

-7.00 

-7.83 

-9.42 

-11.07 

2 

-HWN 

-5.41 

-6.00 

-6.71 

-8.08 

-9.49 

3 

-HWN 

-4.61 

-6.00 

-5.69 

-6.73 

-7.91 

4 

"WN 

-3.61 

-4.00 

-4.47 

-6.89 

-6.32 

5 

-KWN 

-0.900 

-1.00 

-1.12 

-1.36 

-1.68 

6 

-HTF(n«  +  16)H 

-1.2fi 

-1.32 

-1.41 

-1.60 

-1.80 

7 

HW'(n«  +  36)H 

-1.68 

-1.73 

-1.80 

-1.96 

-2.12 

8 

0 

0 

0 

0 

0 

0 

0 

■¥HW 

+0.600 

+0.600 

+0.600 

+0.600 

+0.500 

10 

^^w 

+  1.00 

+  1.00 

+  1.00 

+  1.00 

+  1.00 

11 

+3Tr 

+3.00 

+3.00 

+3.00 

+3.00 

+3.00 

12 

-\-HWn 

+6.25 

+6.06 

+7.00 

+8.76 

+  10.60 

13 

+HWn 

+4.60 

+6.20 

+6.00 

+7.60 

+9.00 

14 

-^HWn 

+3.75 

+4.33 

+6.00 

+6.26 

+7.60 

+  "-  tenaion 


—  ■■  compreeeion 
For  loads  on  lower  chord  see  Art.  1406 
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Table  14. — Stress  Cobfficibnts — Howe  Truss — 10  Panbusi 


Member 

General 
fommla 

Value  of  n 

3 
^  -  33«  -  41' 

2V3 
*  -  30* 

4 
tf  -  26*  -  34' 

6 

*  -  21«  -  48' 

6 
•  -  18»  -  26' 

1 

-HWN 

-8.11 

-9.00 

-10.06 

-12.12 

-14.23 

2 

-2WN 

-7.21 

-8.00 

-8.94 

-10.77 

-12.65 

8 

-KWN 

-6.31 

-7.00 

-7.83 

-9.42 

-11.07 

4 

-HWN 

-6.41 

-6.00 

-6.71 

-8.08 

-9.49 

5 

-HWN 

-4.61 

1-5.00 

-6.69 

-6.73 

-7.91 

6 

-ViWN 

-0.900 

-1.00 

-1.12 

-1.36 

-1.68 

7 

-KW(n«+  16)H 

-1.25 

-1.32 

-1.41 

-1.60 

-1.80 

8 

-KW(n«  +  36)H 

-1.68 

-1.73 

-1.80 

-1.95 

-2.12 

9 

-K(n«  +  64)H 

-2.14 

-2.18 

-2.24 

-2.36 

-2.60 

10 

0 

0 

0 

0 

0 

0 

11 

+HTr 

+0.600 

+0.600 

+0.600 

+0.600 

+0.500 

12 

+  if 

+  1.00 

+  1.00 

+  1.00 

+  1.00 

+  1.00 

13 

+HIF 

+1.60 

+  1.50 

+  1.60 

+  1.50 

+  1.50 

14 

+4F 

+4.00 

+4.00 

+4.00 

+4.00 

+4.00 

16 

+  >ilfn 

+6.76 

+7.79 

+9.00 

+11.25 

+  13.50 

16 

+2Ifn 

+6.00 

+6.93 

+8.00 

+  10.00 

+12.00 

17 

+%TFn 

+6.26 

+6.06 

+7.00 

+8.76 

+  10.60 

18 

+HFn 

+4.60 

+  6.20 

+6.00 

+7.60 

+9.00 

+  *  teoaioii 


—  m  compression 
For  loads  on  lower  chord  see  Art.  1406 
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Table  15. — Stress  Cobfficibnts — Cambbbed  Fink  Truss 


^Whj^ 


Mem- 
ber 

General 
formula 

h 

Value  of  n 

3 
#  -  33"'-4r 

2V3 
#  -30» 

4 
$  -  26«-34' 

6 
0  -  21«»-48' 

6 
$  -  18«-26' 

1 

'Mo 

M 

M 

Mo 

M 

M 

Mo 

H 

H 

Mo 

H 

M 

Mo 

K 

M 

-3.17 

-3.66 

-4.03 

-4.90 

-6.81 

-3.32 

-3.75 

-4.26 

-5.20 

-6.17 

-3.64 

-4.13 

-4.70 

-6.78 

-  6.89 

2 

-2.62 

-3.06 

-3.49 

-4.54 

-5.51 

-2.77 

-3.26 

-3.80 

-4.83 

-5.85 

-3.09 

-3.63 

-4.26 

-6.41 

-6.57 

S 

Wn 

N 

-0.832 

-0.866 

-0.894 

-0.929 

-0.940 

4 

+  1.08 

+  1.26 

+  1.48 

+  1.87 

+2.26 

+  1.20 

+  1.40 

+  1.64 

+2.08 

+2.52 

+  1.43 

+  1.69 

+  1.98 

+2.52 

+3.06 

5 

■^HWn        ^ 

+2.65 

+3.09 

+3.62 

+4.57 

+5,52 

+  2.79 

+  3.27 

+  3.83 

+4.85 

+5.86 

^'*^''jV(i-.2ifc) 

+3.07 

+3.62 

+4.24 

+5.40 

+6.56 

6 

+«(S 

+  1.67 

+  1.93 

+2.22 

+2.78 

+3.38 

+  1.72 

+  1.98 

+2.29 

+2.86 

+3.34 

+  1.80 

+2.08 

+2.40 

+3.00 

+3.60 

+  —  tenaion 


—  *  compression 
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Tablb  16. — Stress  Gobfficubnts — Gambbbed  Compound  Fink  Truss 


Mem- 
ber 

General 
formula 

k 

Value  of  n 

8 
•  -  33*  -  41' 

#-30«» 

4 
*  -  26*  -  34' 

5 

#  -  21*  -  48' 

6 
#  -  18*  -  26* 

1 

^,^n»  +  4(l  — 23b)l 
^*            iV(l-2Jfc) 

■ 

Ho 

H 

H 

Ho 

H 

H 

-7.39 

-8.31 

-9.40 

-11.46 

-13.66 

-7.79 

-8.76 

-9.93 

-12.14 

-14.42 

-8.49 

-9.63 

-10.96 

-13.49 

-16.04 

2 

^  ^  r7n«  +  20(1  -  2*)1 
-^^         JV(l-2ifc) 

-6.84 

-7.81 

-8.95 

-11.08 

-13.25 

-7.23 

-8.25 

-9.48 

-11.76 

-14.10 

-7.94 

-9.13 

-10.51 

-nl3.11 

-15.72 

3 

t^„rl7»«+12(l  -2t)l 

Ho 

H 

H 

Ho 

H 

H 

-6.29 

-7.31 

-8.60 

-10.70 

-12.94 

-6.67 

-7.75 

-9.03 

-11.38 

-13.78 

-7.39 

-8.63 

-10.06 

-12.74 

-15.40 

4 

^^I7n« +  4(1-2*)! 

-y^^      Ar(i-2it) 

-5.74 

-6.81 

-8.06 

-10.32 

-12.63 

-6.11 

-7.26 

-8.68 

-11.00 

-13.46 

-6.83 

-8.13 

-9.61 

-12.37 

-15.08 

5 

1 

-0.832 

-0.866 

-0.894 

-0.929 

-0.949 
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Tablb  10.— (Continued) 


6 

-2TP- 

-1.66 

-1.73 

-1.79 

-1.86 

-1.90 

7 

IHW       ""^ 

Ho 

H 

H 

Ho 

H 

+0.884 

+1.030 

+  1.20 

+  1.62 

+1.86 

+0.933 

+  1.09 

+1.29 

+1.62 

+1.96 

^^^^ Nil"  2k) 

+1.02 

+1.21 

+  1.41 

+1.80 

+2.19 

8 

^^**^  V(l-2»)(1-*) 

+2.16 

+2.62 

+2.96 

+3.73 

+4.61 

+2.40 

+2.80 

+3.29 

+4.16 

+6.04 

H 

+2.87 

+3.37 

+3.96 

+6.04 

+6.12 

9 

MiWn         ^^^  +  *> 

Ho 
H 
H 
Ho 

+3.04 

+3.67 

+4.16 

+6.24 

+6.34 

+3.32 

+3.90 

+4.66 

+  6.76 

+7.00 

+^**^"JV(1-2*)(1-*) 

+3.88 

+4.68 

+6.37 

+  6.86 

• 

+8.30 

10 

+^^jsra-2ifc) 

+6.18 

+7.22 

+8.46 

+  10.68 

+  12.91 

H 
H 

+6.64 

+7.64 

+8.96 

+11.31 

+  13.71 

+7.17 

+8.44 

+9.90 

+  12.61 

+  16.71 

11 

+«^j^(l-.2*) 

Ho 

+6.30 

+  6.20 

+7.26 

+9.16 

+  11.09 

H 

+6.61 

+  6.66 

+7.68 

+9.70 

+  11.76 

H 

+6.16 

+7.23 

+8.48 

+  10.81 

+  13.49 

12 

+''u-« 

Ho 

H 

H 

+3.84 

+3.86 

+4.44 

+6.66 

+  6.66 

+3.43 

+3.96 

+4.67 

+6.72 

+6.86 

+3.60 

+4.16 

+4.80 

+6.00 

+7.20 
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Tabus  17. — Stress  Cobfficibnts — Cambered  Fan  Truss 


Member 

General 
formula 

* 

Value  of  n 

3 
tf  -  33*  -  41' 

2V3 
«  -30' 

4 
»  -26*  -  34' 

5 

*  -  21*  -  48' 

6 
0  -  18*   -26* 

1 

.^„[n«  + 4(1-2*)! 

Mo 

-5.28 

-5.94 

-6.71 

-8.18 

-9.70 

H 
H 
Ho 

-5.65 

-6.25 

-7.09 

-8.67 

-10.28 

-6.06 

-6.88 

-7.83 

-9.64 

-11.46 

2 

,x«rnH»*+i2a-2*)i 

-4.20 

-4.81 

-5.52 

-6.83 

-8.19 

H 

-4.44 

-5.07 

-5.84 

-7.26 

-8.70 

^  *^          JVll  -  2*) 

H 
Ho 
H 
H 

-4.80 

-5.63 

-6.48 

-8.10 

-9.70 

8 

ivwl(fi»* +  4(1-2*)! 

-^•^        i^(l-2t) 

-4.17 

-4.94 

-5.81 

-7.46 

-9.07 

-4.45 

-5.25 

-6.20 

-7.92 

-9.66 

-4.96 

-6.88 

-6.93 

-8.89 

-10.81 

4 

irnl(n«4-36(l-2*)«ll 

Ho 

-0.981 

-1.07 

-1.17 

-1.34 

-1.52 

H 
H 
Ho 
H 

Ho 

H 

H 

Ho 

H 

H 

-1.00 

-1.09 

-1.20 

-1.39 

-1.58 

^  iV             (l-2Jfc) 

-1.04 

-1.16 

-1.26 

-1.49 

-1.71 

5 

,r^jn^D         (2+*) 
'^'^       iV    (1-2*)  (1-*) 

+2.06 

+2.41 

+2.80 

+3.66 

+4.31 

+2.26 

+2.66 

+3.10 

+3.93 

+4.76 

+  2.66 

+3.13 

+3.67 

+4.69 

+5.70 

6 

'*'^^JV(l-2*) 

+4.42 

+5.16 

+6.03 

+7.62 

+9.22 

+4.67 

+  5.45 

+6.39 

+8.08 

+9.80 

+6.12 

+6.03 

+7.07 

+9.01 

+  10.92 

7 

+«^(l-%) 

+2.60 

+2.89 

+3.34 

+4.17 

+  5.00 

+2.67 

+2.97 

+3.43 

+4.28 

+5.16 

+2.70 

+3.12 

+3.60 

+4.60 

+5.40 

+  —  tennon 
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Table  18. — Stress  Coefficients— Compound  Eink  Truss 


Member 

General 
formnlft 

Value  of  n 

3 
#  -  33*  -  41' 

2\/3 
*  -  30* 

4 
*  -  26*  -  34' 

6 
9  -  21* -48' 

6 
#  -  18*  -  20' 

1 

-MtP^(7n«-4) 

-1.479 

-1.666 

-1.889 

-2.306 

-2.720 

2 

-H6P^,(3n«-4) 

-0.676 

-0.667 

-0.769 

-0.967 

-1.140 

3 

-0.326 

-0.333 

-0.349 

-0.391 

-0.438 

4 

n 

-0.602 

-0.676 

-0.669 

-0.6?9 

-0.527 

5 

n 

+  1.083 

+  1.160 

+  1.260 

+  1.460 

+  1.667 

6 

+HP''' 

n 

+0.642 

+0.680 

+0.626 

+0.726 

+0.833 

7 

+H.P  "»'  -  ■" 

n 

+  1.229 

+  1.442 

+  1.688 

+2.139 

+2.586 

8 

n 

+0.813 

+0.866 

+0.936 

+  1.088 

+  1.25 

9 

+H.P^' 
n 

+0.271 

+0.288 

+0.312 

+0.362 

+0.417 

Ri 

HP  <^-  7  <) 

0.819 

0.833 

0.844 

0.866 

0.861 

i?t 

Kp'^: 

0.181 

0.167 

0.166 

0.145 

0.139 

r 

n*               n 

0.18U 
0.643^ 

0. 1672 
0.678A 

0.166f 
0.626A 

0.145/ 
0.726A 

0.1391 
0.833A 

+  —  tension 

Stress  is  sero  for  dotted  members. 
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Tablb  19. — Stress  Coefficients — Compound  Fink  Truss 


P^i)^ 


Member 

Qeneral 
formula 

Value  of  n 

3 
«  -  33»  -  41' 

2\/3 
$  -  30* 

4 
«  -  26*  -  34' 

6 
«  -  21*  -  48' 

6 
»  -  18«  -  26' 

1 

-HP-,(3n«-4) 

-1.162 

-1.336 

-1.638 

-1.916 

^2.228 

2 

-0.662 

-0.667  - 

-0.699 

-0.783 

-0.877 

3 

n 

+  1.083 

+  1.160 

+  1.260 

+  1.460 

+1.667 

4 

n 

+0.968 

+  1.162 

+  1.372 

+1.776 

+2.167 

5 

It 

+0.642 

+0.580 

+0.626      ' 

+0.TO6 

+0.833 

Bi 

0.639 

0.667 

0.688 

0.710 

0.728 

Rt 

y<\ 

0.361 

0.833 

0.312 

0.290 

0.277 

r 

<:-«4* 

0.3612 
1.086A 

0.3332 
1.166^ 

0.312 
1.25h 

0.2902 
1.46A 

0.2772      ' 
1.667A 

X 

Ht-L(5n«-  12) 

0.2292 

0.2502 

0.2662 

0.2822 

0.2922 

+  ->  tenaioii. 

StreM  is  lero  for  dotted  members. 
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Table  20. — Stress  Coefficients — Compound  Fink  Tbubs 


Member 

Qenerftl  formula 

Value  of  n 

8 
$  .  88«-  41' 

2\/3 
*  -  30* 

4 
»  -  26*  -  84' 

5 
*  -  21*  -  48' 

6 
•  -18'-26' 

1 

-HeP''.(6n«  -  4) 

-1.027 

-1.165 

-1.329 

-1.630 

-  1.930 

2 

^   ^(9n«  -  16) 

-  1.87 

-1.667 

-2.00 

-2.60 

-  8.20 

3 

-HeP^(3n«  +  4) 
ns 

-0.776 

-0.832 

-0.910 

-1.066 

-1.228 

4 

^^.p(n*  -  4) 

-0.231 

-0.289 

-0.336 

-0.390 

• 

-0.422 

5 

+K^^^"-^>    . 

+0.417 

+0.576 

+0.750 

+1.050 

+1.33 

6 

+j^(n.  -  4) 
n 

+0.208 

+0.288 

+0.375 

+0.526 

+0.667 

7 

n 

+1.291 

+1.44 

+  1.625 

+1.975 

+2.333 

8 

n 

+0.865 

+1.014 

+1.188 

+1.513 

+  1.833 

9 

n   . 

+0.645 

+0.720 

+0.813 

+0.988 

+1.167 

Bi 

0.570 

0.583 

0.503 

0.605 

0.611 

Rt 

^^'3».;.« 

0.430 

0.417 

0.407 

0.395 

0.380 

r 

(3«.  +  4) 

n* 

0.430< 

0.4171 

0.407/ 

0.3951 

0.3891 

+  ■■  tension 

Btreee  is  lero  for  dotted  members. 
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Table  21. — Stbbss  Coefficients — Compound  Fink  Tbuss 


/?' 


AT-^^Wp^ 


Member 

Qeneral  formula 

# 

Value  of  n 

3 
»  -  33"  -  41' 

2V3 
tf-SO" 

4 
»  -  26"  -  34' 

5 
»  -  21"  -  48' 

6 

tf-is^-ae* 

1 

-HPN 

-0.0025 

-1.00 

-1.117 

-1.347 

-1.682 

2 

-\-HPn 

+0.76 

+0.866 

+  1.00 

+  1.25 

+  1.60 

8 

+P 

+  1.0 

+  1.0 

+  1.0 

+  1.0 

+  1.0 

Table  22. — Stress  Coefficients — Compound  Fink  Trxtss 


H-P'        \ 


Member 

General  formula 

Value  of  n 

3 
ff  -  33"  -  41' 

2V3 
ff  -30" 

4 
»  -  26"  -  34' 

6 
»  -  21"  -  48' 

6 
ff  -  18"  -  26' 

i 

-HPAT 

-1.805 

-2.00 

-2.235 

-2.696 

-8.163 

2 

-KPAT 

-0.903 

-1.00 

-1.118 

-1.347 

-1.682 

8 

n 

-0.602 

-0.578 

-0.558 

-0.538 

-0.627 

4 

n 

+  1.083 

+  1.162 

+  1.25 

+  1.45 

+  1.667 

5 

n 

+0.542 

+0.576 

+0. 625 

+0.725 

+0.833 

6 

+HP» 

+  1.50 

+  1.732 

+2.00 

+  2.50 

+3.00 

7 

+KP^* 
ft 

+  1.083 

+  1.152 

+  1.25 

+  1.45 

+  1.667 

8 

+HP  — 

+0.542 

+0.576 

+0.625 

+0.725 

+0.833 
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Table  23. — Stress  Coefficients — Compound  Fink  Truss 


Member 

General  formula 

Value  of 

n 

3 
tf  «  33*  -  41' 

2\/3 
»  -  30' 

4 
9-   26*  -  34' 

5 
»  -  21**  -  48' 

6 
»  -  18**  -  26' 

1 

-HPN 

-1.805 

-2.00 

-2.235 

-2.695 

-3.163 

2 

n 

+  1.083 

+  1.152 

+  1.25 

+  1.45 

+  1.667 

3 

+HPn 

+  1.50 

+  1.732 

+2.00 

+2.50 

+3.00 

4 

n 

+  1.083 

+  1.152 

+  1.25 

+  1.45 

+  1.667 

+  mm  tenaion 

Stress  ia  sero  for  dotted  members. 
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Table  24. — Stress  Coefficients — Cabibered  Compound  Fink  SraiBas 


Mem- 
ber 

1 

General  formuLi 

k 

Value  of  n 

3 
ff  -  33«  -41' 

2\/3 
e  -  30* 

4 

tf-  26"  -  34' 

5 
e  ~2V  -  48' 

6 
»  -  18*  -  26' 

rn«  +  4(l  -2k)\ 
^            iV(l-2Jfe) 

Ho 

H 

H 

Ho 

H 

H 

Ho 

Ho 

H 

H 

Ho 

H 

H 

Ho 

H 

H 

Ho 

H 

H 

Ho 

H 

H 

-2.12 

-2.38 

-2.68 

-3.28 

-3.88 

-2.22 

-2.60 

-2.84 

-3.46 

-4.12 

-2.42 

-2.76 

-3.14 

-3.86 

-4.68 

2 

rn«  +  4(l  -2k)] 
^*           Nil -2k) 

-1.06 

-1.19 

-1.84 

-1.64 

-1.94 

-1.11 

-1.25 

-1.42 

-1.73 

-2.06 

-1.21 

-1.38 

.     -1.57 

-1.93 

-2.29 

3 

^^p[n«  +  4(l  -2k)] 
nN 

-0.662 

-0.549 

-0.537 

-0.523 

-0.517 

-0.554 

-0.642 

-0.532 

-0.519 

-0.516 

-0.538 

-0.530 

-0.622 

-0.514 

-0.610 

4 

^^,pD[n«  +  4(l  -2*)) 
■^^*            niV(l-2*) 

+  1.20 

+  1.31 

+  1.45 

+  1.72 

+2.01 

+  1.24 

+  1.37 

+  1.52 

+  1.81 

+2.13 

+  1.32 

+  1.48 

+  1.65 

+  1.99 

+2.35 

5 

Dfn«  +  4(1  -2k)] 
■^   *       nAr(l-2*)(l-Jt) 

+0.667 

+0.729 

+0.806 

+0.956 

+  1.11 

+0.709 

+0.782 

+0.867 

+  1.04 

+  1.22 

+0.793 

+0.889 

+0.990 

+  1.19 

+1.41 

6 

^^^     N(l-2k) 

+  1.77 

+  2.06 

+2.42 

+3.04 

+3.70 

+  1.86 

+2.18 

+2.66 

+3.24 

+3.92 

+2.04 

+  2.40 

+2.84 

+3.62 

+4.38- 

7 

■^^*           nN{l-2k) 

+  1.20 

+  1.31 

+  1.46 

+  1.72 

+2.01 

+  1.24 

+  1.37 

+  1.52 

+  1.81 

+2.13 

+  1.32 

+  1.48 

+  1.65 

+  1.99 

+2.36 

8 

j.i^pln«  +  4(l  -2fc)l 

+0.565 

+0.610 

+0.670 

+0.786 

+0.910 

+0.570 

+0.620 

+0.680 

+0.800 

+0.930 

+0.585 

+0.635 

+0.700 

+0.830 

+0.965 

+  ■  tenaloii. 
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Tablb  25. — Stress  Coefficients-Cambered  Compound  Fink  Truss 


Mem- 
ber 

General 
formula 

ib 

Value  of  n 

3 

«  -  33*»  -  41' 

2\/3 
9  -30* 

4 

9  -  26«-34' 

6 
»-21«-48' 

6 
tf  -  18*  -  26' 

1 

[n«  +  4(l-2*)] 
^''^       JV(l-2i) 

Ho 
H 
H 
Ho 

-2.12 

-2.38 

-2.68 

-3.28 

-3.88 

-2.22 

-2.60 

-2.84 

-3.46 

-4.12 

-2.42 

-2.76 

-3.13 

-3.85 

-4.68 

2 

+  1.20 

+  1.31 

+  1.46 

+  1.72 

+2.01 

Lw»  ^   [n«  +  4(l-24r)l|,, 
■^^^niV          (l-2it)    "    ^ 

+  1.24 

+  1.87 

+  1.62 

+  1.81 

+2.13 

>< 

+  1.32 

+  1.48 

+  1.66 

+  1.99 

+2.35 

3 

4.wr       "^ 

Ho 

H 

H 

Ho 

H 

H 

+  1.77 

+2.06 

+2.42 

+3.04 

+3.70 

+  1.86 

+2.18 

+2.66 

+3.24 

+3.92 

"^'''    JV(l-2ife) 

+2.04 

+2.40 

+2.84 

+3.62 

+4.38 

4 

,wp'[n«  + 4  (1-2^)1 
+  ^^          n(l-*) 

+  1.13 

+  1.22 

+  1.34 

+  1.67 

+  1.82 

+  1.14 

+  1.24 

+  1.36 

+  1.60 

+  1.86 

+  1.17 

+  1.27 

+  1.40 

+  1.66 

+  1.93 

+  -  tension 

Stress  is  lero  for  dotted  members. 
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Table  26. — Stress  Coeppicients — Cambered  Compound  Fink  Truss 


Mem- 
ber 

Generftl 
formula 

t 

1 
it 

Value  of  n 

3 
ff  -  33*  -  41' 

2V3 
ff  -  30* 

4 
»  -  26*  -  34' 

5 
»  -  21'  -  48' 

6 
tf  -  18*  -  26' 

1 

|.p[n»  +  4(l-2fc)l 
^^'^         AT  (1-2*) 

Ho 
>i 

Ho 

H 

H 

H 

H 

Ho 

H 

H 

-1.06 

-1.19 

-1.34 

-1.64 

-1.94 

-1.11 

-1.26 

-1.42 

-1.73 

-2.06 

-1.21 

-1.38 

-1.57 

-1.93 

-2.29 

2 

1  i-r            '*^* 

+0.0980 

+0.114 

+0.134 

+0.169 

+0.206 

+0.133 

+0.166 

+0.183 

+0.232 

+0.280 

'  ^*^  i^(i-2*)a-A) 

+0.204 

+0.240 

+0.284 

+0.362 

+0.438 

3 

4  IT          "^ 

+0.884 

+  1.03 

+  1.21 

+  1.62 

+  1.85 

+0.932 

+  1.09 

+  1.28 

+  1.62 

+  1.96 

^^•^    iV(l-2ifc) 

+1.02 

+  1.20 

+1.42 

+1.81 

+2.19 

4 

+^^(1-*) 

+0.675 

+0.780 

+0.900 

+  1.13 

+  1.35 

+0.656 

+0.758 

+0.875 

+  1.09 

+  1.31 

+0.625 

+0.722 

+0.833 

+  1.04 

+  1.25 

5 

+P 

+  1.0 

+  1.0 

+  1.0 

+  1.0 

+  1.0 

+  -  tension 

Stress  is  sero  for  dotted  members. 
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Cue 

Member 

1 

General 
formul* 

Value  of  n 

3 

«  -  33"  -  41' 

2v/3 
B  -  30*' 

4 
ff  -  26'  -  34' 

5 

'  ff  -  21*  -  48' 

6 
»  -  18*  -  26' 

> 

S 

* 

H4 

* 
H4 

1 

n 

-1.17 

-1.45 

1 

,        -1.75 

1 

-2.30 

-2.83 

2 

n 

-0.100 

-0.0833 

-0.0700 

-0.064 

-0.0438 

3 

-PT 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

1 

4 

+MlfiV 

+0.900 

+  1.00 

+  1.12 

+  1.36 

+  1.58 

Rx 

1.06 

1.15 

1.23 

1.32 

1.37 

Rt 

1         6 

n 

0.600 

0.678 

0.559 

0.639 

0.626 

^i4 

-\-HWN 

+  1.80 

+  2.00 

+2.24 

+  2.69 

+3.16 

6 

-\-HWN 

+0.900 

+  1.00 

+  1.12 

+  1.36 

+  1.68 

Ri 

4^ 

N 

1.11 

1.00 

0.896 

0.742 

0.633 

Ri 

0 

0 

0 

0 

0 

0 

H4 

^i4 

H4 

^i4 
1-4 

5 

+  HTF<'*'--^> 

+0.694 

+  1.00 

+  1.34 

+  1.96 

+2.63 

6 

^HW'-'''-''' 

-2.08 

0 

+0.224 

+0.604 

+0.960 

/?a 

0 

0 

0 

0 

0 

0 

Ri 

4 

1.10 

1.00 

0.896 

0.742 

0.633 

5 

+«< 

+  1.25 

+  1.60 

+  1.78 

+2.32 

+2.85 

6 

+HH'<-';*> 

+0.347 

+0.500 

+0.670 

+0.976 

+  1.265 

Rt 

N 

0.555 

0.500 

0.447 

0.371 

0.316 

Ri 

2^ 
N 

0.655 

0.500 

0.447 

0.371 

0.316 

> 

5 

+  1.41 

+  1.67 

+  1.96 

+2.46 

+2.98 

6 
Rt 

+0.502 

+0.667 

+0.837 

+  1.13 

+  1.41 

(3n«  -  4) 
n'N 

0.708 

1 

0.667 

0.616 

0.526 

0.468 

Ri 

0.401 

1 

0.333 

0.280 

0.216 

0-175 

+  —  tension 
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Table  28. — Wind  Stress  Cobpficibnts — Compound  Fink  Tbuss 


Cms 

Member 

General 
formula 

Value  of  n 

3 

»  -  83'  -  41' 

2\/3 
»  -  30" 

4 
e  ~  26"  -  34' 

5 

tf  -  21*  -  48' 

6 
«  - 18'  -  26' 

> 

s 

* 
* 

1^ 

1 

n 

-3.08 

-3.75 

-4.50 

-6.83 

-7.17 

2 

n 

-2.17 

-2.31 

-2.50 

-2.90 

-3.33 

3 

-IF 

-1.00 

-1.00 

-1.00 

-1.00 

-1.00 

4 

-2TF 

-2.00 

-2.00 

-2.00 

-2.00 

-2.00 

5 

+KTFJV 

+0.902 

+  1.0 

+  1.12 

+1.35 

+  1.58 

6 

+HTFiV 

+  1.80 

+2.0 

+2.24 

+2.70 

+3.16 

7 

+HWN 

+2.71 

+3.0 

+3.35 

+4.06 

+4.24 

fii 

^(3n.  -  4) 
iVn 

2.12 

2.31 

2.46 

2.64 

2.74 

iSt 

n 

1.20 

1.15 

1.12 

1.08 

1.03 

+  —  tension 

Stress  is  sero  for  dotted  members. 


—  ■■  compression 
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Table  28  (Continued) 


Case 

Member 

General  formula 

3 

2>/3 

4 

6 

6 

»H 

1 
8 

-k-HWN 

+4.51 

+  5.00 

+6.59 

+6.73 

+7.90 

9 

-\-WN 

+3.61 

+4.00 

+4.47 

+6.39 

+6.32 

10 

+HWN 

+  1.80 

+  2.00 

+2.24 

+2.69 

+3.16 

R» 

«^ 

2.22 

2.00 

1.79 

1.49 

1.27 

Ri 

0 

0 

0 

0 

0 

0 

8 

+HW''''-  "> 

+2.28 

+3.00 

+3.80 

+6.26 

+6.66 

9 

+  .1=1^> 

-1.39 

+  2.00 

+2.68 

+3.92 

+6.06 

10 

+Hir<"'  -  ^^' 

-0.416 

0 

+0.447 

+  1.21 

+  1.90 

«i 

0 

0 

0 

0 

0 

0 

«4 

8? 

AT 

2.22 

2.00 

1.79 

1.49 

1.27 

H4 
1-4 

8 

+Kir<«'"+*> 

+3.40 

+4.00 

+4.70 

+  6.C2 

+7,28 

9 

+2.49 

+3.00 

+3.68 

+4.66 

+6.70 

10 

+HTF<-';*> 

+0.693 

+  1.00 

+  1.34 

+  1.96 

+2.63 

fit 

4 

1.11 

1.00 

0.894 

0.746 

0.633 

Ri 

*J 

1.11 

1.00 

0.894 

0.746 

0.633 

> 
H4 

8 

+3.71 

+4.33 

+6.03 

+  6.31 

7.66 

9 

+  W-(n*  -  2) 

+2.81 

+3.34 

+3.92 

+4.96 

+6.97 

10 

+Hir-,(n*-4) 

+  1.01 

+  1.33 

+  1.68 

+2.26 

+2.81 

£s 

1.42 

1.33 

1.23 

1.06 

0.916 

Ra 

0.803 

0.667 

0.558 

0.431 

0.361 
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Table  29. — Wind  Stress  Coefficients — Howe  Truss— 4  Panels 


Caae 

Member 

General 
formula 

Value  of  n 

3 
tf  -  33«  -  41' 

2>/3 
e  -  30* 

4 
»  -  26*  -  34' 

5 
»  -  21«  -  48' 

6 
»  -  18*  -  26' 

1 

-KF<"';^> 

-1.17 

-1.45 

-1.76 

-2.30 

-2.83 

2 

-HWn 

-0.760 

-0.867 

-1.00 

-1.26 

-1.60 

3 

-y.^i 

-1.08 

-1.16 

-1.26 

-1.46 

-1.67 

4 

-Hw-i 

-1.08 

-1.16 

-1.26 

-1.46 

-1.67 

6 

+  HTF^,(n«-2) 

+  1.41 

+  1.67 

+  1.96 

+2.46 

+2.98 

6 

+HW^^(nt  -  4) 

+0.602 

+0.667 

+0.837 

+  1.13 

+  1.41 

7 

+H«f 

+0.600- 

+0.575 

+0.659 

+0.539 

+0.626 

Ai 

««'«»::'" 

1.28 

1.33 

1.375 

1.42 

1.446 

Bt 

• 

0.720 

0.666 

0.625 

0.580 

0.566 

+  ■■  tension. 


—   ■*  compression. 
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TABI.E  30. — Wind  Stbbss  Coefficiknts — Howe  Tbuss — 6  Panels 

"'hi}* 


Case 

Member 

General 
formula 

Value  of  n 

3 
5  -  33*  -  41' 

2\/3 
B  -  30- 

4 
tf  -  26"  -  34' 

6 

e  "  2V  -  48' 

6 
ff  -  18*  -  26' 

Case  IV 

1 

_^^(7n.-12) 

-2.12 

-2.60 

-3.12 

-4.07 

-5.00 

2 

-HW'"""-*' 

-1.38 

-1.73 

-2.12 

-2.82 

-3.60 

3 

_^^(3,.+4) 

-1.29 

-1.44 

-1.63 

-1.98 

-2.34 

4 

7» 

-1.61 

-1.74 

-1.88 

-2.18 

-2.50. 

5 

-K.^' 

-1.08 

-1.16 

-1.26 

-1.45 

-1.67 

6 

-fiW'^(n«+16)H 

-1.60 

-1.63 

-1.68 

-1.73 

-1.90 

7 

+  KW^^,(7n«-12) 

+  2.66 

+3.00 

+3.49 

+4.38 

+6.28 

8 

+  H1F^,(5n«-12) 

+  1.66 

+2.00 

+2.37 

+3.04 

+3.70 

9 

+  WPr^,(n«-4) 

+0.762 

+  1.00 

+  1.26 

+  1.69 

+2.11 

10 

+H.^ 

+0.600 

+0.676 

+0.669 

+0.639 

+0.626 

11 

--^ 

+  1.20 

+  1.16 

+  1.12 

+  1.08 

+  1.06 

Ri 

Hir«-„r' 

1.92 

2.00 

2.06 

.     2.13 

2.17 

Rt 

«<: 

1.08 

1.00 

0.940 

0.867 

0.833 

+  ■■  tezwioii 


—  >■  compreuion 
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Table  31. — Wind  Stress  Gobfpicibnts — Howe  Tbuss — 8  Panels 


CMe 

Member 

General 
formula 

t 

Value  of  n 

3 
tf  -  33*  -  41' 

2\/3 
^  -  30* 

4 
ff  -  26*  -  34' 

5 
»  -  21*  -  48' 

6 
»  -  18*  -  26' 

> 

§ 

1 

_j^^(5».  -  8) 

-3.08 

-3.75 

-4.50 

-5.83 

-7.17 

2 

•_,p(»'-l) 
n 

-2.67 

-2.89 

-3.75 

-4.80 

—5.83 

3 

-«Wn 

-2.25 

-2.60 

-3.00 

-3.75 

-4.50 

4 

ft 

-1.83 

-2.02 

-2.25 

-2.70 

-3.17 

5 

-H^' 

-2.11 

-2.32 

-2.50 

-2.90 

-3.33 

6 

-«4* 

-1.08 

-1.16 

-1.25 

-1.45 

-1.67 

7 

-iW^(n«+  16)* 
n 

-1.50 

-1.53 

-1.58 

-1.73 

-1.90 

8 

-KW^(n«+36)^ 

-2.02 

-1.97 

-2.01 

-2.11 

-2.24 

9 

+>iTF^(5n«-8) 

+3.71 

+4.33 

+5.03. 

+6.31 

+7.56 

10 

+  lF^,(n«-2) 

+2.81 

+3.33 

+3.91 

+4.95 

+  5.98 

11 

+  >iW^.(3n«-  8) 

71" 

+  1.91 

+2.33 

+2.79 

+3.60 

+4.40 

12 

+  1.00 

+  1.33 

+  1.68 

+2.26 

+2.82 

13 

n 

+0.600 

+0.575 

+0.659 

+0.539 

+0.526 

14 

n 

+  1.20 

+  1.15 

+  1.12 

+  1.08 

+  1.05 

15 

n 

+  1.80 

+  1.73 

+  1.68 

+  1.62 

+  1.58 

Ri 

a^(3n«  -  4) 

2.56 

2.67 

2.76 

2.84 

2.89 

Rt 

c 

1.44 

1.33 

1.25 

1.16 

1.11 

+  ■■  tension 


—  —  compression 
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Table  32. — Wind  Stress  Coefficients — Howe  Truss — 10  Panels 


Case 

Member 

General 
formula 

Value  of  n 

• 

3 
•  -  33"  -  41' 

2^/3 
9  -  30" 

4 
ff  -  26"  -  34' 

6 

tf  -  21*  -  48' 

6 
tf  -  18«  -  26' 

> 

a 

1 

..j^^(13».-20) 

-4.04 

-4.91 

-5.88 

-7.63 

-9.34 

2 

_^^{lln.-12) 
n 

-3.63 

-4.33 

-6.13 

-6.57 

-8.00 

3 

-3.21 

-3.76 

-4.37 

-6.62 

-6.67 

4 

3ilF^"'  +  *> 

-2.79 

-3.18 

-3.63 

-4.47 

-6.33 

an       „ 

5 

_.,^(6»«+12) 

-2.38 

-2.60 

-2.88 

-3.42 

-4.00 

n 

6 

n 

-2.71 

-2.89 

-3.13 

-3.62 

-4.17 

7 

-1.08 

-1.16 

-1.25 

-1.45 

-1.67 

8 

-1.60 

-1.63 

-1.58 

-1.73 

-1.90 

9 

-2.02 

-1.97 

-2.01 

-2.11 

-2.24 

10 

-KW^(n«+64)^^ 

-2.56 

-2.51 

-2.60 

-2.54 

-2.63 

11 

+  HTF^,(13n«-20) 

-4.88 

-5.67 

-6.56 

-8.16 

-9.80 

12 

+  HW-,(lln«-20) 

-3.97 

-4.67 

-6.44 

-6.83 

-8.23 

13 

+  H1F^,(9n«-20) 

-3.07 

-3.67 

-4.33 

-6.48 

-6.66 

14 

+  HTF^.(7n«-20) 

-2.16 

-2.67 

-3.21 

-4.14 

-6.08 

15 

-1.26 

-1.67 

-2.09 

-2.80 

-3.60 

16 

.H< 

+0.600 

+0.576 

+  0.659 

+0.639 

+0.526 

17 

n 

+  1.20 

+  1.15 

+  1.12 

+  1.08 

+  1.06 

18 

n 

+  1.80 

+  1.73 

+  1.68 

+  1.62 

+  1.58 

19 

Ri 

AT 

+2TF- 

n 

+  2.40 

+2.30 

+2.24 

+2.17 

+  2.10 

3.20 

3.34 

3.44 

3.65 

3.61 

Rt 

1.80 

1.66 

1.56 

1.46 

1.39 

tension 


—  «  oompression 


STRUCTURAL  DATA 


DBTAfLSD  DESIGN  OF  A  WOODEN  ROOF  TRUSS 

By  W.  S.  KiNNB 

143.  CondMottB  Asstim«d  for  the  DeslgpEi. — To  illustrate  the  principles  governing  the  de- 
sign of  a  wooden  roof  tnise,  a  complete  deeign  will  be  made  of  a  truss  of  the  type  ahown  in  fig. 
144  (p),  p.  4S6.  It  will  be  assumed  tiiatthetniaa  is  supported  on  masonry  walla  which  are  50ft. 
apart,  and  that  the  trusses  are  spaced  16  ft  apart.  The  roof  covering  will  be  ahinglee  on 
sheathing  carried  by  rafters  spaced  16  in.  on  centers.  PurUns  placed  at  the  top  chord  panel 
points  carry  the  roof  loade  to  the  truss.  Fig.  157  shows  the  general  arrangement  of  the  roof 
and  the  trusses. 


rra.  IGT.— Dstulsd  daicn  of  ■  woodea  niot  tram. 

The  pitch  of  the  roof  will  be  taken  hi,  for,  as  stated  in  Art,  123,  this  is  in  general  the  most 
economical  pitch.  To  secure  members  of  reasonable  length,  the  span  will  be  divided  into  six 
panels,  as  shown  in  Fig.  158.  All  members  will  be  made  of  wood,  except  the  verticals,  which 
will  be  steel  rods.  Western  Hemlock  will  be  used  for  all  wooden  truss  members,  and  also  for 
the  purlins,  rafters,  and  sheathii^. 

The  loads  to  be  carried  by  the  truss  will  be  taken  ii 
cordance  with  the  principles  stated  in  tiie  chapter  on  Boof 
Tnuses — General  Design.     Snow  loads  will  be  taken  a 
per  sq.  ft.  of  roof  surface,  and  the  unit  wind  pressure  will  be    | 
taken  as  30  lb.  per  sq.  ft.  of  vertical  surface.  The  unit  wind  P^^    jjj, 

pressure  is  to  be  reduced  by  the  Duchemin  formula  in  deter- 
mining the  components  normal  to  the  roof  surface.      Minimum  snow  load  will  be  taken  as 
one- half  of  the  maximum,  or  10  lb.  per  sq.  ft  of  roof,  and  the  minimum  wind  load  itill  be 
token  as  one-third  of  th«  n 
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The  actual  weight  of  the  roof  covering,  rafters,  and  purlins  is  to  be  determined,  ft«nimmg 
that  Western  Hemlock  weighs  3  lb.  per  foot  board  measure.  In  estimating  the  weight  of  the 
truss,  the  formula  w  =  0.04  I  +  0.000167  I*  will  be  used,  where  to  »  weight  of  trusses  per  sq. 
ft.  of  covered  area,  and  2  =   span  length  in  feet. 

Combinations  of  loadings  for  maximum  fiber  stresses  in  rafters  and  purlins,  and  for  maxi- 
mum stresses  in  truss  members  will  be  as  follows: 

(a)  dead  load  and  snow  load. 

(b)  dead  load,  minimum  snow  load,  and  maximum  wind  load. 

(c)  dead  load,  maximum  snow  load,  and  minimum  wind  load. 

(d)  a  minimum  load  of  40  lb.  per  sq.  ft.  of  horizontal  covered  area.  The  object 
of  this  last  loading  condition  is  to  make  certain  that  a  fairly  rigid  and  substantial 
structure  is  obtained. 

Working  stresses  for  Western  Hemlock  will  be  taken  as  recommended  by  the  American 
Railway  Engineering  Association.  These  values  are  given  in  Sec.  7,  Art.  10.  For  timber  used  in 
building  construction,  the  working  stresses  given  in  the  above  mentioned  table  are  as  follows: 
extreme  fiber  stress  in  tension  or  cross  bending,  1650  lb.  per  sq.  in.;  shearing  parallel  to  the 
grain,  240  lb.  per  sq.  in.;  shearing  transverse  to  the  grain,  150  lb.  per  sq.  in.;  compression — 
bearing  paralld  to  the  fibers,  1800  lb.  per  sq.  in.,  bearing  perpendicular  to  the  fibers,  330  lb. 
per  sq.  in.,  coliunns  imder  15  diameters,  1350  lb.  per  sq.  in.,  columns  over  15  diameters  in  length, 
1800  (1  —  l/eO  d)  lb.  per  sq.  in.,  where  2  =  length  of  column  in  inches  and  d  —  least  side  or 
diameter.  Bearing  pressures  for  washers  which  cover  only  a  part  of  the  area  of  the  member  can 
be  increased  25% — ^that  is,  to  412.5  lb.  per  sq.  in.  for  bearing  perpendicular  to  the  fibers,  and  2250 
lb.  per  sq.  in.  for  bearing  parallel  to  the  fibers.  This  increase  in  fiber  stresses  is  allowable,  for 
experiments  have  shown  that  the  bearing  pressures  are  indirectly  distributed  to  the  area  im- 
mediately surrounding  the  washer,  thus  increasing  its  effective  area.  The  allowable  bearing 
pressure  on  masonry  will  be  taken  as  300  lb.  per  sq.  in. 

Where  the  compression  acts  at  an  angle  to  the  member,  the  woriung  stress  is  given  by  the 
empirical  formula 

r  =  g  +  (p  -  g)  (d/90)« 

where  r  ~  allowable  working  stress  at  an  angle  0  to  the  axis  of  the  member,  as  shown  in  Fig. 
159;  and  p  »  bearing  on  end  fibers  =  1800  lb.  per  sq.  in.;  and  q  =  bearing  across  the  fibers 
«  330  lb.  per  sq.  in.  For  these  values  the  above  formula  becomes:  r  »  330  -h  (1800  —  330) 
(d/90)«,  or, 

r  n=  330  H- 0.1815  d« 

Where  pins  or  bolts  bear  on  the  end  fibers  of  the  material,  as  in  the  design  of  the  built-up  bottom 
chord  member  given  in  Art.  145,  the  allowable  bearing  values  must  be  modified  to  fit  the  con- 
ditions shown  in  Fig.  159.    The  allowable  bearing  will  be  taken  as  ^  of  the  usual  end  bearing 

value,  or  as  1200  lb.  per  sq.  in.    This  working  stress  is  considered  as  applied 

to  the  diametrical  area  of  the  pin  or  bolt. 

In  accordance  with  the  discussion  given  in  the  chapter  on  Roof 

Trusses — General  Design,  the  working  stresses  for  wind  will  be  increased  50% 

G^  ever  the  values  given  above.     This  increase  in  working  stresses  can  be  ac- 

||^  coimted  for  by  reducing  the  imit  wind  pressiu'e  so  that  the  same  working 

pJ  stresses  can  be  used  for  all  loadings.     Since  the  working  stresses  for  wind  are 

FiQ  159  ^  ^^  those  for  other  loadings,  if  %  of  the  unit  wind  pressures  be  used, 

the  same  working  stresses  can  be  used  for  all  loadings.  The  unit  wind 
pressure  on  a  vertical  surface  will  then  be  taken  as  ^  X  30  =  20  lb.  per  sq.  ft.  From  the 
Duchemin  formula,  the  normal  pressiure  on  a  3^  pitch  roof  is  14.9  lb.  per  sq.  ft.  of  roof  stirface. 
In  choosing  the  sections  of  timber  with  which  to  form  the  members  of  the  truss,  it  must  be 
remembered  that  the  actual  size  of  a  piece  of  timber  should  be  used  in  the  calculations.  The 
dimensions  usually  given  for  timbers  are  the  distances  from  center  to  center  of  saw  cuts.  These 
dimensions  are  known  as  the  nominal  dimensions  of  the  piece;  they  are  usually  given  in 
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even  inches,  as  for  example,  2X4  in.,  6  X  8  in.,  etc.  Actually  the  timber  is  smaller  than 
its  nominal  dimensions  by  the  width  of  the  saw  cut,  which  is  about  yi-m,  thick.  Thus  a 
rough  sawed  piece,  whose  nominal  dimensions  are  4X6  in.,  is  really  only  a  3^  X  b^-m.  section. 
If  this  section  is  dressed,  or  planed  on  all  sides,  the  section  is  about  K-ii^-  scant  all  around 
from  the  nominal  dimensions,  or  actually  a  3H  X  5H-in.  section  is  obtained  instead  of  the 
4  X  &-in.  nominal  section.  The  section  obtained  thus  has  an  actual  area  of  only  about  80 
%,  and  a  section  modulus  of  only  79%  of  the  corresponding  values  for  the  nominal  section. 
These  percentages  vary  with  the  size  of  the  timber. 

The  difference  between  the  actual  and  the  nominal  sizes  of  timber  is  taken  into  account  in 
the  calculations  by  two  different  methods.  In  one  method  the  imit  stress  is  reduced  by  an 
amoimt  depending  upon  the  reduction  in  area  or  section  modulus.  This  method,  to  be  effective, 
requires  the  use  of  a  sliding  scale  of  corrections,  which  makes  it  rather  undesirable.  In  another, 
and  better  method,  the  actual  sizes  are  used  and  the  working  stresses  taken  as  given  above. 
This  latter  method  will  be  used  in  the  work  to  follow.  It  will  be  assumed  that  all  material  is 
dressed  on  four  sides,  and  that  the  actual  dimensions  are  about  K  in.  scant  of  the  nominal 
dimensions.    In  speaking  of  sections,  however,  the  nominal  dimensions  will  be  used. 

The  working  stress  for  steel  tension  rods  will  be  taken  as  16,000  lb.  per  sq.  in.  on  the  net 
section  of  the  rod  at  the  root  of  thread.  In  general,  roimd  rods  will  be  used.  They  will  be  upset 
at  the  ends  if  the  diameter  required  is  greater  than  K-in.  Bending  stresses  in  steel  bolts  will 
be  taken  as  24,000  lb.  per  sq.  in. 

143.  Design  of  Sheathing,  Rafters,  and  Purlins. — ^In  the  chapter  on  the  Design  of  Purlins 
for  Sloping  Roofs,  Sect.  2,  there  is  given  a  complete  design  of  the  sheathing,  rafters,  and  purlins 
for  conditions  practically  the  same  as  assumed  in  the  preceding  article.  Therefore,  only  the  es- 
sential features  of  the  design  under  consideration  will^be  given.  Wherever  possible,  reference 
will  be  made  to  the  design  mentioned  above,  and  also  to  the  design  of  the  steel  roof  truss  in  the 
following  chapter,  for  which  similar  conditions  exist. 

From  Fig.  157  it  can  be  seen  that  the  span  of  the  sheathing  is  16  in.*  the  distance  center  to  center  of  rafters. 
Aa  the  loads  are  the  same  as  iot  the  above  mentioned  designs,  it  can  readily  be  seen  that  1-in.  sheathing  is  satis- 
factory. The  rafters  are  to  be  designed  for  the  combinations  of  loading  stated  in  Art. 
142.  As  the  roofing  is  quite  rigid,  it  can  be  assumed  that  the  load  to  be  carried  by  the 
rafters  is  the  component  of  loads  perpendicular  to  the  roof  surface.  It  will  be  found  that 
the  loading  of  case  (6)  of  Art.  142  gives  the  required  maximum.  The  conditions  are  as 
shown  in  Fig.  160.     (See  also  the  design  given  in  Art.  151.) 

From  the  data  given  and  the  assumptions  made  in  Art.  142,  the  minimum  snow  load 
is  a  vertical  load  of  10  lb.  per  sq.  ft.  of  roof  and  the  normal  wind  load  is  14.9  lb.  per  sq. 
ft.  of  roof.  Assuming  that  shingles  weigh  3  lb.  i>er  sq.  ft.  of  roof,  and  that  1-in.  sheathing 
weighs  3  lb.  per  ft.  board  measure,  it  will  be  found  from  the  force  diagram  of  Fig.  160  that  ^^*  ^^* 

the  total  normal  component  is  20.2  lb.  per  sq.  ft.  of  roof  area. 

From  Fig.  157,  the  area  carried  by  a  rafter  is  (16/12)  9.33  -  12.4  sq.  ft,  and  the  uniformly  distributed  load  is 
29.2  X  12.4  -  863  lb.  If  a  2  X  4-in.  rafter  be  assumed,  whose  weight  at  3  lb.  per  ft.  board  measure  is  3  X  9.3  X 
Ms  -  18.7  lb.,  the  total  uniformly  distributed  load  is  363  +  19  «  382  lb.  Assuming  that  the  rafters  are  continu- 
ous over  several  purlins,  the  moment  to  be  carried  can  be  calculated  from  the  formula  M  ^  Hoto£»  HoX  382 
X  9.33  X  12  >  4270  in.-lb     For  the  working  stress  of  1650  lb.  per  sq.  in.,  given  in  Art.  142.  the  required  section 

moduliis  is  4270/1650  «  2.59  in.>      Assuming  the  dimensions  of  a  dressed 
tfmi^m^  2  X  4  to  be  l^g  X  3^  in.,  the  section  modulus  furnished  is  (MS)/«  «  3.02  in.* 

t4l    lilt  '^^  assumed  section  will  be  adopted,  as  it  is  the  smallest  advisable  section. 

jT|T   T  T  f  T     ^  As  shown  in  Fig.  161,  each  purlin  supports  12  rafter  loads.     From  the 

^4  {   f\iHhJ^   .        J         calculations  given  above,  each  rafter  load  is  382  lb.    Fig.  161  shows  the 
llwocm  ^i^'/t-^ ,|H|        loads  in  position.      The  maximum  moment  occurs  under  the  load  next  to 


jf^-  J^        the  beam  center.     As  the  purlins  usually  span  only  the  distance  between 

trusses,  simple  beam  conditions  will  be  assumed,  and   M  >■  2292  X  5.5  — 
Fio.  161.  382(1  +  2  +  3  +  4  +  5)  -  6880  ft.-lb.  -  82,600  in.-lb.      Assume  a  6  X 

8-in.  purlin  section.  The  weight  of  the  assumed  purlin  i86X8XMa"*12 
lb.  per  ft.  and  the  moment  due  to  its  weight  is  Af  -  H^fl*  -  H  X  12  X  16«  -H  12  -  4600  in.-lb.  Total  moment 
«  82,500  +  4600  -  87,100  in.-lb.  Required  section  modulus  -  87,100/1650  -  52.8  in.*  Section  modulus 
fttraiahed  by  a  6  X  8-in.  purlin,  dressed  to  5H  X  7H  in*t  us  51.8  in.*  Although  the  asstimed  section  is  slightly 
under  sise,  it  will  be  adopted. 

144.  Determination  of  Stresses  in  Members. — ^The  general  methods  of  stress  calculation 
are  given  in  Sect.  1.  Stresses  can  be  determined  by  means  of  the  graphical  methods  given  in 
the  above  mentioned  section,  or  by  means  of  the  tables  of  stress  coefficients  given  in  the  chapter 
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on  Roof  Trusses — Stress  Data.  The  latter  method  has  been  used  in  the  design  under  consider- 
ation. Aa  the  general  methods  of  procedure  are  given  in  detail  in  Art.  153,  only  the  essential 
features  are  repeated  here.  The  reader  is  referred  to  the  discussion  given  in  the  following 
chapter,  as  it  applies  also  to  the  design  under  consideration. 

In  Art  142  the  formula  for  the  dead  weight  of  the  trusses  is  given  as  u?  -  0.04 1  +  0.000167  ^, 
where  /  =  span  =«  50  ft.,  and  w  =  weight  of  trusses  in  lb.  per  sq.  ft.  of  horizontal  covered  area. 
Then  w  »  a04  X  50  +  0.000167  X  50«  »  2.42  lb.  From  Fig.  157,  the  horirontal  covered 
area  per  panel  is  50  X  16/6  »  133  sq.  ft.  The  dead  panel  load  due  to  the  weight  of  the  truss 
is  then  2.42  X  133  »  323  lb.  The  dead  load  due  to  shingles  is  3  lb.  per  sq.  ft.  of  roof,  and  that 
due  to  the  sheathing  is  also  3  lb.,  giving  a  total  load  of  6  lb.  per  sq.  ft.  of  roof.  From  Fig.  157, 
the  roof  area  per  panel  is  9.33  X  16  «  149  sq.  ft.  The  dead  panel  load  due  to  sheathing  and 
shingles  is  then  149  X  6  =  894  lb.  From  Fig.  161,  the  weight  of  12  rafters  and  one  purlin  is 
brought  to  each  panel  point.  Each  rafter  weights  18.7  lb.,  and  the  purlin  weighs  12  lb.  per  ft., 
as  given  in  Art.  143.  The  resulting  panel  load  is  12  X  18.7  +  16  X  12  -  224  +  192  «  4161b. 
The  total  dead  panel  load  is  then  323  +  894  +  416  «  1833  lb. 

As  given  in  Art  142,  the  snow  load  is  20  lb.  per  sq.  ft  of  roof,  and  the  wind  load  is  14.9  lb. 
per  sq.  ft  of  roof.  Since  the  roof  area  per  panel  is  149  sq.  ft,  the  snow  panel  load  is  a  vertical 
load  of  149  X  20  =  2980  lb.,  and  the  wind  panel  load  is  14.9  X  149  =  2220  lb.,  a  load  which 
acts  normal  to  the  roof  surface.  In  Art.  142,  a  minimum  load  of  40  lb.  per  sq.  ft  of  horizontal 
covered  area  is  also  specified.  The  panel  load  for  this  loading  is  40  X  133  -  5320  lb.,  a  vertical 
load. 

The  stresses  due  to  the  above  panel  loads  are  siven  in  Table  1.     Dead  load  stresses  are  given  in  col.  1;  snow 
load  stresses  are  given  in  ool.  2;  minimum,  or  half  snow  load  stresses,  are  given  in  coL  3;  wind  stresses  for  wind  from 


Table  1. — Stresses  in  Membebs 


Member 

1 

Dead 
load 

1 

Snow 
load 
2 

One-half 

snow 

load 

3 

Wind 

from 

left 

4 

Wind 

from 

right 

5 

One-     . 
third 
wind 
6 

D  L..  H 

S.  L.,  and 

wind 

7 

D.  L..  H 

wind,  and 

snow 

8 

Vertical 

loading 

9 

Maxi- 
mum 
stress 
10 

ab 

-10,250 

-16,650 

-8,325 

-6,960 

-4,160 

-2,330 

-26,626 

-29,220 

-29,800 

-39,800 

be 

-  8,200 

- 13,320 

-  6,660 

-6,270 

-4,160 

- 1,760 

-20,130 

-23,280 

-23.800 

-23.800 

cd 

-6,150 

-10,000 

-5,000 

-3,610 

-4,160 

-1,205 

-16,310 

-17,366 

-17,820 

-17.820 

a^-tS 

+9,180     +14,900 

+  7,450 

+7,770 

+  2.800 

+2.590 

+24,400 

+26,670 

+26,000 

+26,670 

Sq 

+  7.340     +11,920 

+  5.960 

+  5,280 

+2,800 

+  1,760 

+  18,580 

+  24.020 

+21,300 

+  21.300 

bf 

-   2,060 

-  3.340 

- 1,670 

-2,780 

0 

-    930 

-  6.510 

-  6,430 

-  5,960 

-  6,510 

eg 

-   2,590  !   -  4,200  1    -2.100 

-3.520 

0 

-1,170 

-   8,210 

-  7,960 

-  7,610 

-  8,210 

cf 

+      916*   +   1,490  1   +    745     +1,230 

0 

+    410 

+  2.990 

+  2,816 

+  2,660 

+  2,990 

do 

+  3.670     +  6,960     +2,980 

+2,480 

0 

+    825      +  9.130 

+  10,446 

+  10,640 

+  10,640 

U               0 

1 

0         '       0 

0 

0                0 

0 

0 

0 

0 

+  ■■  tension. 


—  ■»  compression. 
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the  l«ft  are  giyen  in  ooL  4,  and  for  wind  from  the  right,  the  streeses  are  given  in  ooL  5;  minimum,  or  one-third  wind 
strceeco  are  given  in  ool.  6.  The  wind  stresses  are  calculated  on  the  assumption  that  both  ends  of  the  truss  are 
rigidly  fastened  to  the  masonry  walls,  and  that  the  reactions  are  parallel  to  the  direction  of  the  wind — that  is,  nor- 
mal to  the  roof  surface.  The  assumption  of  fixed  ends  is  reasonable,  for  a  wooden  truss  is  not  effected  by  tempera- 
tore  changes,  and  no  provision  for  expansion  need  be  made,  as  in  the  case  of  the  steel  truss. 

The  maximum  stresses,  as  given  by  the  combinations  of  eases  (6),  (c),  and  (d)  of  Art.  142,  are  given  in  cols.  7, 8, 
and  9  respectively.  Stresses  for  col.  9  are  calculated  from  the  dead  load  by  ratio  of  the  panel  loads  for  a  minimum 
load  of  40  lb.  per  sq.  ft.  of  covered  area,  which  is  5320  lb.,  and  the  dead  panel  load,  which  is  1833  lb.  Col.  10  gives 
the  greatest  of  these  maximum  values,  which  is  the  stress  for  which  the  members  are  to  be  designed. 

145.  Design  of  Members. — As  stated  in  Art.  142,  the  top  and  bottom  chord  members  and 
the  diagonal  web  members  will  be  made  of  timber,  and  the  vertical  members  will  be  made  of  steel 
rods.  The  working  stresses  for  the  wooden  compression  memb^s  whose  length  exceeds  15 
times  the  least  width  is  given  in  Art.  142  as  1800  (1  —  Z/60  eQ,  where  I  =  length  in  inches,  and 
d  »  least  dimension  in  inches.  Compression  members  whose  length  is  less  than  15  times  the 
least  width  are  to  be  designed  for  a  working  stress  of  1350  lb.  per  sq.  in.  The  working  stress 
for  wooden  tension  members  is  given  as  1650  lb.  per  sq.  in.  For  steel  members  the  working 
stress  is  16,000  lb.  per  sq.  in.    All  data  for  the  design  is  given  in  Table  2. 

Sections  for  wooden  compression  members  should  be  square,  if  possible,  in  order  to  secure 
a  member  of  equal  rigidity  in  planes  perpendicular  to  the  sides  of  the  members.  Single  pieces 
are  preferable  to  members  built  up  ot  planks  placed  side  by  side  and  nailed  or  bolted  together 
to  form  a  single  member.  The  excessive  cost  of,  or  difficulty  in  obtaining  single  pieces,  may 
decide  in  favor  of  the  built-up  member. 

Wooden  tension  members  must  contain  considerable  excess  area  in  order  to  provide  for  notch^ 
ing  at  the  joints.  Single  pieces  are  preferable  for  use  as  tension  members.  If  planks  are  used, 
placed  side  by  side  to  form  a  built-up  member,  considerable  care  must  be  taken  in  order  to  make 
certain  that  the  proper  net  area  is  provided  at  all  points.  Further  discussion  of  this  detail 
will  be  given  in  connection  with  the  design  of  the  lower  chord  member. 

Design  of  Top  Chord  Member. — ^The  design  of  the  top  chord  member  will  be  determined  for 
the  conditions  existing  in  member  a-6,  where  the  stress  is  a  maximum.  From  Table  1  the 
stress  in  member  a— &  is  29,800  lb.  compression.  Assume  a  6  X  6-in.  member,  of  which  the 
actual  size  will  be  taken  as  5K  X  5H  in.  Since  the  length  of  member  a-h  is  112  in.,  the  ratio 
l/d  »  112/5.5  -■  20.4.  Therefore  the  working  stress  is  to  be  determined  by  the  formula 
1800(1  -  Z/60d).  For  the  assumed  section  the  working  stress  is  1800  (1  -  112/60  X5.5) 
-  1800(1  -  0.34)  =  1190  lb.  per  sq.  in.;  and  the  required  area  is  29,800/1190  =  25.0  sq.  in. 
The  area  provided  by  the  assumed  section  is  5.5  X  5.5  -  30.25  sq.  in.  The  assimied  section  is 
ample  and  it  will  be  adopted. 

In  trusses  of  the  sise  under  consideration,  it  is  usual  to  make  the  entire  top  chord  of  the  same  cross  section. 
For  larger  trusses,  the  section  of  the  upper  end  of  the  top  chord  is  sometimes  reduced  m  sise.  A  butt  splice  is  made 
at  one  of  the  panel  points.  This  splice  can  be  designed  by  the  meUiods  given  in  the  chapter  on  Splices  and  Con- 
nections— Wooden  Members. 

If  the  top  chord  member  is  to  be  made  of  planks,  a  2  X  6-in.  piece,  actual  dimensions  about  1^  X  5H  in*« 
wookl  probably  be  used  in  the  case  under  consideration.  To  provide  the  proper  area,  three  pieces  will  be  required. 
For  this  section,  d  »  3  X  IH  "  ^H  in.;  l/d  -  23;  and  the  allowable  working  stress  is  1120  lb.  i>er  sq.  in.  The 
area  required  is  then  29,800/1120  -  26.6  sq.  in.,  and  that  provided  is  3  X  1^  X  5.5  =  26.8  sq.  in.  The  section 
is  ample.  To  hold  the  several  pieces  together,  bolts  about  H  in.  in  diameter  should  be  placed  through  the  pieces 
at  intervab  such  that  the  value  of  l/d  for  a  single  piece  will  be  not  greater  than  the  value  for  the  whole  member. 
From  the  calculation  given  above,  l/d  for  the  whole  member  is  23.  Since  d  for  a  single  plank  is  \%  in.,  the  dis- 
tance between  bolts  must  be  about  23/lf^  »  14.2  in.    Bolts  spaced  15  in.  apart  will  probably  be  satisfactory. 

Design  cf  Compression  Wd}  Members, — ^The  compression  diagonals  b-f  and  c-g  are 
designed  by  methods  similar  to  those  used  for  the  top  chord  member.  It  was  foimd  that  4  X 
4-in.  members,  actual  size  assumed  as  3^  X  3^  in.,  are  sufficient  as  far  as  stress  condi- 
tions are  concerned.  It  sometimes  happens  that  the  size  of  member  as  designed  must  be  in- 
creased to  provide  sufficient  bearing  area  for  joint  details.  The  actual  sizes  as  designed  are  given 
in  Table  2.    If  changes  are  required,  they  will  be  made  in  Art.  146  on  the  design  of  joints. 

Design  cf  Bottom  Chord  Tension  Member. — ^From  Table  1,  the  maximum  stress  in  the 
bottom  chord  occurs  in  members  a-e-/,  where  the  stress  is  26,670  lb.  tension.  The  net 
area  required  for  the  allowable  working  stress  of  1650  lb.  per  sq.  in.  is  26,670/1650  ^  16.2  sq. 
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in.  In  general,  it  will  be  found  that  in  order  to  provide  for  notching  at  the  joints,  etc.,  the 
adopted  section  must  provide  an  area  about  H  greater  than  the  required  net  area,  or  in  this 
case,  the  adopted  section  shold  provide  at  least  1^.2  Xl%=27sq.  in.  A6X  6-b.  member, 
actual  size  5K  X  5H  in-,  provides  30.25  sq.  in.  This  section  will  be  adopted,  subject  to  the 
condition  that  it  must  provide  the  required  net  area  at  the  joints,  a  point  which  will  be  definitely 
determined  in  the  following  article. 

The  lower  chord  member  for  the  truss  under  consideration  will  now  be  designed  as  a  built- 
up  siection.  It  will  be  assumed  that  2  X  8-in.  plank,  actual  size  1^  X  7K  in-i  are  to  be  used. 
Since  the  rods  composing  the  vertical  members  pass  through  the  chord  section,  an  odd  nimiber 

of  pieces  will  be  provided,  and  the  center  piece,  which 

will  contain  the  rods,  will  not  be  assumed  to  carry  any 

of  the  chord  stress.    Assume  a  section  consisting  of 

five  pieces,  placed  as  shown  in  Fig.  162. 

.  ■■I.  I    ..  I       ..   fpntr  The  splices  in  the  member  ^ill  be  located  as 

'^iio^tn^  ^9pm         shown  in  Fig.  162;  they  will  be  placed  about  a  foot 

^^^  from  the  panel  points.    For  the  arrangement  shown, 

J'^%'  tJ^^^^^F-f    JM^I     *^®  planks  can  be  ordered  in  lengths  not  to  exceed  20 

\^    i\R^j^t--[  —  J    ft.    It  will  be  noted  that  in  each  panel,  only  two 

96ioi^  l.tf'iitf^Ji^J      pieces  are  available  at  the  splices  to  carry  the  total 

(^)  tension.      The    net   area   of  these   pieces   for   the 

member  o-«-/  must  then  be  26,670/1650  =  16.2  sq. 
in.,  or  8.10  sq.  in.  for  each  plank.  Assuming  the 
splices  to  be  made  with  1-in.  bolts,  of  which  there  are  two  on  the  same  vertical  section,  as 
shown  in  Fig.  (c),  the  net  area  of  a  2  X  8-in.  plank  is  1%  (7.5  —  2  X  1;  «  8.95  sq.  in.  The 
assumed  section  is  probably  sufficient,  as  all  notching  for  the  joint  at  /  can  readily  be  made  on 
the  three  inside  members. 

In  determining  the  number,  sise,  and  position  of  the  boHs  oonnecting  the  several  planke  forming  the  bottom 
chord  member,  due  attention  must  be  i>aid  to  the  transmission  of  stress  across  the  spliced  sections.  Thus  in  Fic- 
162(a).  the  total  stress  in  member  art  on  Uie  section  x-z,  close  to  joint  a.  is  carried  by  four  planks,  assuming  that 
the  center  plank  is  inactive,  as  stated  above.  Therefore,  on  section  a>x  each  plank  has  a  stress  of  26,670/4  «■ 
6670  lb.  At  the  splice  just  to  the  left  of  joint  e,  all  of  the  k>ad  is  carried  by  the  planks  numbered  2  in  Fig.  (a). 
Therefore  between  the  sections  x-x  and  joint  e,  the  stresses  of  6670  lb.  in  planks  1  have  been  transferred  to  planka 
2,  which  are  fully  stressed  at  the  splice,  as  calculated  above. 

The  stress  in  planks  1  will  be  transferred  to  planks  2  by  means  of  1-in.  bolts,  as  assumed  above.  The  num- 
ber of  bolts  required  will  be  determined  by  the  safe  bearing  on  the  end  fibers  of  the  wood,  and  by  the  safe  bending 
stresses  in  the  bolts.  At  1200  lb.  per  sq.  in.,  the  safe  bearing  for  a  l^-in-  plank  on  a  1-in.  bolt  is  1200  X  1.626  X 
1  -  1950  lb.  The  number  required  for  bearing  is  then  6670/1960  -  3.42,  or  four  bolts.  Assuming  the  loading 
conditions  on  the  bolts  to  be  as  shown  in  Fig.  (6),  the  total  moment  to  be  carried  by  the  bolts  is  6670  X  1.625 
»  10.820  in  .-lb.  From  the  tables  of  safe  bending  moments  on  bolts  for  a  fiber  stress  of  24,000  lb.  per  sq.  in.,  the 
allowable  bending  moment  on  a  1-in.  bolt  is  2360  in.-Ib.  Therefore,  10,820/2360  -  4.6,  or  five  bolts  are  required 
for  bending  moment.    These  bolts  are  shown  in  position  in  Fig.  162  (c). 

The  distance  from  the  centers  of  the  bolts  to  the  edge  of  the  splice  is  determined  by  the  recuired  strength  in 
shearing  on  the  dotted  lines  shown  in  Fig.  (e).  Since  five  bolts  are  to  be  used,  the  load  on  each  bolt  is  6670/5  «■ 
1335  lb.  From  Art.  142,  the  shearing  value  of  hemlock  parallel  to  the  grain  is  240  lb.  per  sq.  in.  The  required 
distance  from  the  center  of  the  bolt  to  the  edge  of  the  plank  is  then  1335/2  X  1.625  X  240  -  1.72  in.  The  arrange- 
ment shown  in  Fig.  162(c)  is  convenient,  and  will  be  adopted. 

At  the  right  of  the  splice  at  joint  e,  an  arrangement  of  bolts  similar  to  that  described  above  must  also  be 
used,  for  the  stress  in  planks  2  must  be  transferred  to  planks  1  because  of  the  splice  in  planks  2  at  joint  /.  As  the 
calculations  are  similar  to  those  given  above,  they  will  not  be  repeated. 

In  the  panel  f-a,  similar  calculations  must  also  be  made.  As  the  stresses  are  smaller  than  those  in  the  end 
panels,  four  bolts  will  be  found  sufficient.  At  points  between  the  splices,  the  planks  are  to  be  held  together  by  H- 
in.  bolts  placed  about  2-ft.  centers. 

Design  of  Vertical  Tension  Rods. — ^The  vertical  tension  members  will  be  made  of  round  rods 
threaded  at  the  ends  and  provided  with  square  nuts.  As  shown  in  Table  2,  a  plain  ^-in. 
diameter  round  rod  provides  some  excess  area  for  member  c-/.  Since  this  is  about  the  small- 
est advisable  size  of  rod  for  such  members,  it  will  be  used.  It  is  to  be  remembered  that  the 
area  of  the  rod  at  the  root  of  thread  governs  the  design. 

Although  member  d-e  has  no  definite  stress,  a  ^-in.  rod  will  be  used. 
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For  member  drg  an  area  of  0.665  sq.  in.  at  root  of  thread  is  required.  A  plain  rod  1% 
in.  in  diameter  will  furnish  the  required  area.  It  will  probably  be  better  practice  to  use  a  rod 
of  smaller  diameter  with  an  upset  end.  From  the  tables  of  upset  ends  for  round  rods,  it  will 
be  found  that  a  1-in.  rod  with  a  l^-in.  upset  end  is  required. 


Tablb  2. — ^Design  op  Members 

d 


Member 

Max.  BtreM 
(lb.) 

Length 

of 
member 

(in.) 

Least 
width 
(in.) 

L/D 

Working 

stress 
(lb./in.«) 

Area 
required 
(sq.  in.) 

Section 

Area 
provided 
(sq.  in.) 

ah 

-29,800 

112 

SH 

20.4 

1,190 

25.0 

6"  X  6" 

30.25 

he 

-23.800 

•   t   •  • 

6"  X  6" 

ed 

-17,820 

*   ■   •  • 

•  •  •  • 

6"  X  6" 

an-tf 

+26,670 

•  •  •  • 

1,650 

16.2 

6"  X  6" 

30.^5 

fg 

+21,300 

•  •   •  • 

•  •  •  ■ 

1,650 

12.9 

6"  X  6" 

30.25 

W 

-  6,510 

112 

3« 

31.0 

-875 

7.45 

4"  X  4" 

13.15 

eg 

-  8,210 

141 

3H 

85.3 

630 

13.0 

4"  X  4" 

13.15 

c/ 

+  2,990 

16,000 

0.187 

^"  round  rod 

0.302 

dg 

+  10,640 

•   •   •   • 

16,000 

0.665 

1"  round  rod  upset  to  1^" 

1.05 

be 

0 

•   •   •   ■ 

■   •   •   • 

0 

^i"  round  rod 

0.302 

tension. 


—   »  compression. 


146.  Design  of  Joints. — A  great  variety  of  joint  details  are  in  use  for  wooden  roof  trusses. 
The  general  principles  governing  the  design  of  joints  have  been  given  in  the  chapter  on  Roof 
Trusses — General  Design,  where  typical  joint  details  are  shown.    In  the  present  article,  the 


design  methods  will  be  given  for  some  of  the  details  in  common  use,  particular  attention  being 
paid  to  details  suitable  for  the  type  of  truss  under  consideration. 

The  general  principles  of  joint  design  given  in  the  chapter  on  the  Detailed  Design  of  a 
Steel  Roof  Truss  apply  also  to  a  wooden  roof  truss.  Center  lines  of  members  must  be  made  to 
intersect  in  a  common  point.  If  this  can  not  be  done,  the  additional  stresses  in  the  members 
due  to  the  eccentric  connections  must  be  calculated  and  proper  provision  made  for  them. 

In  designing  the  joint  details,  the  stresses  transmitted  from  one  member  to  another  must 
be  carefully  determined  and  the  bearing  areas  between  the  members  proportioned  to  provide 
for  the  stresses  to  be  carried.  In  genera),  simple  details  are  desirable,  and  the  joints  should  be 
made  up  with  as  few  parts  as  possible.  Indirect  connections,  and  those  in  which  the  distri- 
bution of  the  stress  to  several  parts  is  indeterminate,  should  be  avoided.  Where  the  stresses 
are  small,  one  member  can  be  notched  into  another  to  form  the  joint  details.  Where  very 
large  stresses  are  to  be  transmitted  from  one  member  to  another,  metal  bearing  plates  or  cast- 
ings, side  plates,  or  bolted  connections  are  required.    The  general  principles  for  the  design  of 
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splices  and  Himilar  connections  are  given  in  the  chapter  on  E^licee  and  Connections — Wooden 
Members. 

Deaign  t^f  Joint  b. — As  the  stress  to  be  tranamitted  from  member  b-/  to  the  top  chord 

member  is  comparatively  small,  a  notch  detail  of  the  form  shown  in  Fig.  163  wiU  be  used.     In 

order  to  make  certain  that  the  resultant  pressures  on  the  facM  1-2  and  2-3  intersect  on  the  center 

line  of  the  member  at  point  4,  the  notch  will  be  made  with  faces 

at  90  deg.,  as  shown  in  Fig.  163.     In  this  way  a  central  tMn- 

nection  is  made  and  eccentric  moments  are  eliminated. 

Assume  a  notch  IH  >a-  deep  on  face  1-2.     The  dimensions 

and  form  of  the  resulting  notch  are  shown  in  Rg.  163.     Tlieae 

dimensions  were  scaled  from  a  large  scale  layout  of  the  joint. 

In  making  the  layout,  the  actual  dimensions  of  the  members 

were  used, 

p,g   ,^  Resolving  the  stress  in  member  b-f  into  its  componraita 

perpendicular  to  the  faces  of  the  notch  by  means  of  a  force 

diagram,  the  forces  to  be  carried  are  as  shown  in  fig.  163.    Since  these  loads  act  at  an  angle 

to  the  grain  of  the  material,  the  strength  o(|  the  notch  depends  upon  the  allowable  bearing 

values  on  these  surfaces,  as  determined  by  the  formula  of  Art.  142,  for  which  the  condilions 

are  shown  in  Fig.  159.       The  angles  which  the  surfaces  1-2  and  2-3  make  with  the  grain  of 

the  material  of  the  chord  member  and  of  member  b-f  are  as  shown  in  Fig.  163.     These  angles 

were  measured  with  a  protractor  from  a  large  scale  layout  of  the  joint.     Angles  were  read  to 

the  nearest  half  degree. 

The  allowable  bearing  values  as  calculated  from  the  formula  of  Art.  142  are  as  follows: 

Chord  m«mber: 

■urface  1-2,  330  +  0.1SI5(T4)<  -  1330  lb.  pet  »q.  in. 
(u[fKB2^3.  330  +  0.ieiG(te)>-    3761b.  p«T*q.  in. 
Member  b-/: 

■urlife  1-2,  330  +  0.181G(S2.S)>  -  S60  lb.  per  eq.  io. 
■ulfue  2-3.  330  +  0.181S(37.GI<  -  6SJ  lb.  per  k,.  [n. 

For  these  allowable  bearing  values,  the  areas  required  are  as  follows: 

Chord  member-. 


.0  -  a.eoiq.  ID. 

surfue  2-3,  3000/  3TS  -  10.4  eq,  in. 
Mamber  l^■f■. 

■urfBce  l-Z.  5200/S50  -  S.  12  eq.  in. 
■urtaiM  2-3.  3900/5S5  -  6.07  eg.  in. 

These  calculations  show  that  the  required  areas  are  6.12  sq.  in.  for  surface  1-2,  and  10L4  eq. 
in.  for  surface  2-3. 

As  the  notch  1-2  is  assumed  to  be  1^  in.  deep,  the  width  required  on  this  suifaee  is  6.12/ 
1.26  =  4.90  in.  From  the  design  given  in  Art.  145,  a  4  X  4-in.  member  is  sufficient  for  member 
b-f  as  far  as  the  column  design  is  concerned.  This  member,  however,  does  not  provide  Ute 
required  width  on  surface  1-2,  ss  given  by  the  above  calculations.  The  required  area  can  be 
provided  by  one  of  two  methods ;  either  the  notch  can  be  made  deeper,  or  the  member  can  be 
made  wider.  As  designed  in  Art.  145,  the  chord  member  is  6  in.  wide  and  member  b-f  ia  4  in. 
wide.  It  is  therefore  possible  to  increase  the  width  of  member  b-f.  In  this  case  it  does  not- 
seem  advisable  to  make  the  notch  deeper  than  assumed,  because  the  excess  area  provided  by 
the  section  adopted  does  not  allow  much  cutting.  The  required  area  will  be  provided  by  in- 
creasing qiember  b-f  to  a  4  X  6-in.  section,  actual  sice  sMumed  as  3H  X  5J^  in.,  placed  with 
the  4-in.  side  in  the  plane  of  the  truss,  ss  shown  in  Fig.  163.  The  area  provided  on  surface 
1-2  is  then  5.5  X  1.25  =  6.875  sq.  in.,  which  is  satisfactory. 

In  order  to  prevent  member  b-f  from  slipping  out  of  place  due  to  shrinkage  of  Uie  parts, 
it  is  best  to  provide  a  tenon  projecting  from  the  surface  2-3  into  a  slot  in  the  chord  member,  as 
shown  in  Fig.  163.  This  tenon  should  be  about  1  in.  thick,  and  the  slot  in  the  chord  member 
which  re<.'cives  the  tenon  should  be  about  1^  in  wide.     The  net  width  of  the  surface  2-3  is 
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then  6.5  - 1.125  >■  4.375  in.  From  Pig.  163,  the  lei^ih  of  the  surface  2-3  is  4.63  in.  The  area 
provided  ia  then  4.53  X  4.375  —  19.8  eq.  in.  From  the  calculations  given  above,  an  area  of 
10.4  sq.  in.  is  lequired.    The  detail  ia  satisfactory  and  will  be  adopted. 

Fit-  IM  ahon  BDOthcr  unncemait  for  laint  b.     A  S«bkped  bent  atecl  piste  hu  one  of  ill  leas  notched  into 
Uw  ehord  membBr,  vbile  the  other  leg  rormi  ■  projection  mgminit  which  the  member  K-Zbeitn.    The  depth  of  the 
projectioa  1-2  ■•  detarmiaed  by  the  aUowsble  besHnc  on  thigauit»e,  wtiidt,  tram  the  tormulk  df  Art.  U3,  i>330  + 
0.181G(3IS3)>  -  fi7S  lb.  per  eq.  In.    Rewlvins  the  atreeg  in  Winto  DompODeoU  pvkUel  uid  perpcndlcuiu  to  Ihs 
ebord  member,  the  loidi  ehown  in  the  force  diocrtm  ue  obtained. 
Thenlore,  the  ana  required  oniurface  1-2  -  2910/S7S  -  4.eSiq.  in. 
It    b-f  be  taken  u  i,  *  X  t-ia.  membet  (actual  liie  3H  in.  aquare),  the 
required  dtaUnn  1-2  -  4.eS/3.e2fi  -  1.BT8  -  IH  la- 

The  thielcuai  of  the  plate  ia  detnrnloed  b;  its  itcencth  te  a  eantl- 
lever  beam  of  length  IM  in.  The  plata  will  be  made  the  full  width  at 
the  chord  member,  which  ia  S}i  in-  wide.  Aiauming  the  preaaure  to 
be  concentrated  at  the  oenter  of  the  lutface  1-2.  the  moment  ie  M  X 
2010  X  1.37S  -  1930  In.  lb.,  and  the  tUckneaa  required  for  a  working 
■tree*  of  1S.OO0  lb.  per  aq.  in.  ia  d  -  iaH/fli)^  -  (a  X  1630/16,000  X 
a.6)>l  -  0.3620  Id.     A  H-in.  plate  willbeuaad. 

From  the  formula  of  Art.  H2,  the  aUowable  bt«In«  preaaure  tor  *"""  " 

the  <  X  *-La.  member  on  the  aurface  2-3  ia  330  +  O.ISIG  (£3.2)>  -  S40  p,^    j^ 

lb.    pa   aq.   In.     The  bearing   area   required   between  the  i  X  4-in. 

member  and  the  noder  ride  of  the  plate  ia  SS3D/S40  -  0.91  aq.  in.  On  the  tipper  lurtace  of  the  plate,  the  beuini 
ia  directly  on  the  aide  of  the  ehord  mamber,  and  the  allowable  bearing  ia  330  lb.  per  aq.  In.  The  bearini  area 
required  on  the  lower  face  of  the  chord  member  ia  SS30/330  -  1T.7  aq.  in.  From  a  large  acale  layout  of  the 
joint,  the  dineoaiona  were  found  to  be  ai  ahown  in  Fig.  164.  The  bearing  arra  provided  between  the  4  X  4^. 
member  and  the  plate  ia  then  SH  X  3H  -  J2.7  aq.  in.,  and  the  area  provided  between  the  chord  member  and 
the  plate  ia  8.5  X  3.5  -  1B.2  aq.  in.,  aa  the  plate  la  aaumed  to  cover  the  fuU  width  ot  the  chord  member, 

the  bearing  ia  on  the  end  fiben  of  the  material,  the  allowable  bearing  ia  1600  lb.  per  aq.  in.,  and  the  area  required 
la  2010/lSOO  -  1.02  aq.  in.  The  depth  of  the  notch  required  ia 
1,62/5,5  -  0,294  in.  A  H-^.  notch  will  be  uaad,  for  a  ahallower 
notch  ia  not  effective. 

The  bant  plau  ia  kept  in  contact  with  the  chord  member  and 
with  member  b-f  by  meana  of  lag  acrewa,  or  by  meana  of  a  bolt  paaa- 
ing  through  the  membera.     Fig.  154  ahowa  the  adopted  detail 

Fit.  155  ahowa  a  detail  for  Joint  b  which  makea  nie  of  a  ca«t-iron 
y  angle  block.  Tbia  block  ia  notohed  into  the  (op  chord  by  meana  at 
a  lug  caat  on  the  angle  block.  Member  b-f  beara  directly  on  the 
end  st  (he  angle  bloek.  In  order  I4  aave  material,  and  alao  to 
reduce  the  weight  ot  the  angle  block,  it  wiU  be  made  up  of  two 
bearing  aurfacea,  1-Z  and  3-4.  connected  by  a  caat  web. 

The   dcBgn    ot  an  angle  block  of  the  form  ahown  in  Pig,  ISS 

oonaiats  in  the  detarmination  ol  the  aiie  of  the  lus  which  ootcha  into 

the  top  chord,  and  the  thlckncaa  required  for  the  cantilever  beama 

j£j  forming  the  bearing  aurfacea  1-2  and  3-4,     The  force  diagran 


lUlljlllllj    _ 


ths^componenla  of  load  parallel  and  perpendiaular  to  tt 

The  depth  of  the  lug  muat  be  aufficient  to  tranafer  to  the  end 
flben  of  tbe  top  chord  member  a  itreea  of  2«10,  aa  ahown  by  the  force 


a'JJ*         ,,,  diagram.     Aa  the  allowable  beariiw  on  the  end  fiber*  of  the  material 

~T',      ,  ''*'  la  1800  lb.  per  aq.  in.,  and  the  width  of  the  chord  member  ia  6H  in- 

'^  "*'  ""'  the  depth  of  notch  required  ia  only  2010/1800  X  5.6  -  02W  in, 

Fio.  145.  Aa  the  required  notch  ia  too  ahallow  to  be  effective,  a  1-in.  notch 

will  be  uaed.     Tbe  width  of  the  lug  ia  determined  by  ila  atrength  aa 

a  caotileveT  beam  under  a  moment  of  2B10  X  0.5  —  145fi  In.-lb       It  the  working  atreaa  for  caat  iron  ia  taken  aa 

30DO  lb.  par  aq.  in.,  the  widtb  required  is  (SV/V)^  -  (6  X  14A5/5.S  X  3000)  -  0.727  in,      A  width  of  1  in.  will 

be  adopted.    The  detaila  of  the  lug  are  aa  ahown  in  Fig,  166. 

The  area  required  on  the  aurface  1-2  ia  determined  by  tbe  bHuring  atrength  of  the  timber  acreaa  the  fiben. 
wbieh  ia  330  lb.  per  aq.  In,  From  the  force  diagram,  the  load  to  be  tranamitted  to  the  chord  member  ia  6830  lb. 
The  area  required  ia  then  SS3D/330  -  17.7  aq.  in.  If  it  be  aaaumed  that  the  top  aurface  of  the  lug  doea  not  carry 
eompreaaian  due  to  impirtect  vorkmanahlp,  the  area  prcrided  on  aurface  1-2  la  (4.S  —  t.O)  S.S  —  III.3  aq.  In.,  which 

The  thiakpcaa  of  the  upper  bearing  aurface  ia  determined  by  the  ncceaaary  thickncaa  when  conaidered  aa  a 
eantUererbeam.    Fig.  (t)BhowsB  vertical  aectioui^i  of  Fig.  (a).    ThiBbeamiaaubieeted  loapraBurco(6S30/ifi.3 

beam  1  in,  wide  k  M  X  303  X  2,26>  -  76fi  in. -Hi.  at  the  ed(e  ot  tbe  vertical  web.     For  an  allowable  bending  etnaa 
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>(  3000  lb.  per  ■].  Id.  IDr  out 


nqnind  thidumii  (Slr/Ii/)M-(BX  7eS/SO0O)M-l.MiB.    Thewitin 

the  besriai  mrfHe  3-1  on  ftlao  be  nude  IH  ■&-  thkk 
ttmt  of  Iwaerein.    To  hold  the  mcmba  (-/ in  pWc^ 
ce.    LMurewiUinnicbUiepnijectioiiatfaiiafoniMdwillhoIdtha 
D  in  Fis.  lU. 

tbrousli  (lie  chord  raembeiuid  )tc«n  oa  UiedKvdbjrnuuttofa 
cut  wuber.  As  membw  b-f  hM  no  dafinite  ititM.  a 
washer  umilar  to  the  on«  deaipied  for  jotDte  will benaed- 
Fi(.  IM  (c)  ehowi  the  d«tails  of  Ihn  waahtr. 

Detiffn  qf  Joint  e. — Fig.  166  efaowB  two  de- 
signs for  join  t  c.    The  design  methods  are  similar 
to  those  used  for  joint  h.     I^lg.  (a)  shows  a  joiot 
made  by  notching,  and  Fig.  Qt)  ehows  an  angle 
block  design.    Due  to  the  angle  between  mem- 
ber c-g  and  the  top  chord  member,  a  solid  block 
s  used  in  this  case. 
The  vertical  rod  e-f  transmits  to  the  uppv 
chord  its  Btreoe  of  2090  lb.    This  load  is  brought 
to  the  top  of  the  chord  member  by  a  washer. 
In  this  case  a  cast  angle  washer  will  be  used,  as 
shown   in   Fig.    166  (c).    The  design  of  this 
""'  wssher  consists  in  providing  a  base  area  suffi- 

cient to  transmit  (o  the  top  fibers  of  the  chord  member,  a  strew  of  2680  lb.,  the  oomponent  of 
stress  perpendicular  to  the  chord  member,  and  in  providing  an  area  at  the  toe  of  the  washer 
which  will  provide  for  a  load  of  1340  lb.,  the  component  of  stress  parallel  to  the  chord  member. 
The  stresses  to  be  carried  were  determined  from  the  force  diagram  of  Fig.  (e). 

As  stated  in  Art  142,  the  bearing  under  washers  which  bear  perpendicular  to  ttie  grain 
is  412.5  lb.  per  sq.  in.  The  area  required  on  surface  1-2  of  Fig.  (c)  is  then  2680/412.5  =  6.5 
sq.  in.  Since  the  rod  composing  member  e-/is  ^  in.  in  diameter,  the  hole  in  the  washer  should 
be  about  1  in.  in  diameter.  As  the  hole  m  the  base  of  the  washer  is  elliptical  in  form,  the  area 
will  be  taken  as  1.5  sq.  in.    The  required  gross  area  ^ 

of  the  base  is  then  6.S  +  1.5  =  8.0  sq.  in.      A  3  X  3 
in.  base  will  be  used. 

To  resist  the  component  of  load  paraUcl  to  the 
chord  member,  the  wssher  will  be  set  into  the  chord 
member.  As  the  allowable  end  bearing  on  the  fibers 
is  1800  lb,  per  sq.  in.,  and  hs  the  washer  ie  3  in.  nide, 
the  indentation  must  be  at  least  1340/lSOO  X  3  ^ 
0.25  in.  A  >i-in.  indentation  will  be  used,  as  shown 
in  Fig.  (cj. 
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Design  of  Joint  d. — Joint  d,  the  apex  joint,  is  a 
butt  joint  in  which  the  membeis  intersect  at  an  angle. 
The  design  of  this  joint  consists  in  providing  the  proper  area  between  the  abutting  surfaces, 
and  the  provision  of  proper  bearing  under  the  washer  on  the  vertical  member  d-g.  Rigid 
fastenings  are  to  be  provided  in  order  to  hold  the  members  in  line. 

Fig.  167  fihowa  a  detail  of  the  apex  joint  ui  which  the  top  chord  members  from  the  two  sida 
of  the  truss  butt  against  each  other  on  a  vertical  line  and  agtunst  a  plat«  washer  oa  the  end  of 
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member  d-g,  the  vertical'  rod,  ITie  mudmiun  stress  in  member  c--d  ia  17,820  lb.,  as  given  in 
Table  1.  This  stress  is  due  to  the  vertical  loading  of  401b.  per  aq.  ft.oC  covered  area,  for  which 
the  panel  load  is  5320  lb.  "Die  streesee  in  all  members,  and  the  panel  load,  are  shown  m  position. 
The  details  of  the  joint  depend  on  the  method  of  ^pporting  the  purlin  at  this  point.  If 
the  purlin  is  set  on  the  top  of  the  washer,  the  bearing  area  on  the  under  side  of  the  washer 
must  be  detemunod  for  the  vertical  components  of  the  streesee  in  the  chord  members.  From 
the  force  diagram,  the  load  to  be  carried  is  2  X  7980  -  15,900  lb.  If  a  detail  of  the  form 
ebonn  in  Pig.  ITS  (b)  is  adopted,  where  the  purlin  load  is  distributed  equally  to  the  two  chord 
menbeiv,  the  load  to  be  proiided  for  on  the  under  side  of  washer  is  15,960  -  6320  "  10,040  lb.,, 
which  is  equal  to  the  stress  in  the  vertical  rod.  The  latter  detail  will  be  adopted  in  this  case, 
as  shown  on  the  general  drawing.  Fig.  170. 

Fram  the  formulft  of  Art  112,  the  ■llonble  beuinc  on  the  under  dde  of  the  vadier  li  S30  +  O.ISIE  (Ze.S)' 
—  400  lb.  jiei  tti.  ia.,  and  that  od  the  vertiol  bearini  ■DrtaM  la  330  +  O.ISIS  (S3.B)i  -  1060  lb.  iHTiq.  In.  The 
BRk  requiied  on  the  under  side  of  the  WMher  !•  then  10.640/460  -  £3.1  K-  in-,  ■nd  on  the  vertieal  bmini  BUrfue 
the  urea  requirad  i>  16,960/1000  -  lE.leq.  in  Aaiuninc  the  plate  waaher  t«  Dover  the  full  width  of  the  ohord 
neuber,  the  lenith  Tsquired  ia  23.1/5.5-  4.3  in.  To  allow  lor  the  ar«  taken  out  for  the  vertioaliod,  aSH-in. 
■qiura  Iteal  plate  will  be  uaad.  aa  ahowD  in  Fig.  I6T  (a).  If  the  horliontial  bearini  area  (or  each  ohord  member 
■  made  3K  id-  a  layout  of  the  Joint  will  ahow  that  the  Tcrtioal  bearing  lurfaoe  ia  about  4^  in.  The  area  pro- 
vlded  on  the  Tcrtioal  bearing  aurfaoe  ifl  then  4.75  X  5.5  —  20.13  aq.  In.,  whkfa  ia  more  than  required. 

The  thiolf  n«g*  of  the  plate  waaher  will  be  detcnuinad  on  the  aiaiunptian  that  it  tormi  a  double  lantileTer  beam. 
Pic.  (»)  ahowa  the  aaNiiied  dietributkia  of  loading,  which  ia  approiimata  but  aoourate  enough  under  the  oon- 
ditiou.  The  moment  to  be  cBiHed  on  aeotion  x-x  ia  5320  X  1,376  -  7.315  In. -lb.  For  an  auiimed  working  otnH 
oflO.OOOIb.persq.  in.,  the  thiakncaa  required  iad  -  (atf/b/)M  -  (OX  731fi/4X  10,000))^  -  0.S3  in.  AK-ln.plale 
will  be  noed.  Ai  ahown  ia  Pig.  (5),  a  IM-in.hole  ia  provided  in  the  waaher  for  the  vertical  member,  which  leave* 
atwtwidlhonsegtiaiK-XDft  -  '55  -  l-B  -  4.D  in. 


Z^'^'My  _ 


To  hold  (he  ufaord  memben  in  place,  ahort  pieeea  of  3  X  O-in.  plank  are  faatened  to  the  taca  of  the  cAoid 
membo*  by  meau  of  ^-in.  bolt*.    These  piecce  do  not  carry  any  definite  atreea. 

Fig.  ISS  ahow*  two  lorma  of  oaot-irtui  block  detaila  for  the  joint  at  point  d  In  the  d(ai«D  of  Fig.  (a),  the  bearing 
■tlrh«  required  are  determined  by  the  same  methods  as  uaed  in  the  design  ol  Fig.  187.  The  required  thiekness  of 
metal  can  be  determined  by  eonaidering  the  upper  surface  to  be  a  filed  ended  beam  supported  by  the  side  surtaoM. 
Th«  details  shown  In  Fig.  lOS  are  more  expensive  than  the  ona  ahown  in  Fig.  167.  It  ia  doubtful  if  the  added  ai- 
peoae  ia  worth  while,  tor  the  detail  of  Fig.  107  ia  dmple.  cflective,  and  inexpensive. 

Design  of  Joint  a. — The  design  of  the  joint  at  a,  the  heel  of  the  truss,  requires  careful  con- 
sideration. At  this  point  the  stresses  to  be  provided  for  arc  greater  than  at  any  other  point  in 
the  truss.  In  general  the  members  meet  at  an  acute  angle,  which  adds  to  the  difficulties 
encountered  in  the  design.  Deaigna  will  be  woriced  out  in  detail  for  a  joint  formed  by  notching 
one  memb^  into  the  other;  for  (me  formed  by  a  bent  strap  with  lugs;  for  a  joint  consisting  of 
steel  side  plates;  and  for  a  cast-iron  shoe. 

Fig.  169  shows  an  arrangement  for  a  joint  at  point  a  formed  by  notehing  the  top  chord 
member  into  the  lower  chord  member.     The  noteh  is  so  arranged  that  the  surfaces  1-2  and  S~i 
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provide  equal  areas.    The  connection  formed  between  the  memben  is  central  and  no  eccentric 
moments  are  to  be  provided  for. 

It  can  be  seen  from  Fig.  169  that  the  bearing  value  at  the  notches  is  gavemed  by  the  allow- 
able value?  for  the  horizontal  member.**  From  the  formula  of  Art.  142,  the  allowable  bearing 
is  330  +  0.1815  (63.5)'  »  1060  lb.  per  sq.  in.  Hence  the  total  area  to  be  provided  on  surfaces 
1-2  and  3-4  is  29,800/1060  «  28.1  sq.  in.  If  the  notches  are  made  l}i  in.  deep,  as  shown  in 
Fig.  169,  the  width  of  bearing  required  is  H  X  28. 1/1.876  -  7.6  in.  From  Table  2,  the  stress  in 
member  a—h  calls  for  a  6  X  6-in.  piece,  of  which  the  actual  width  is  6H  in.  Since  it  is  not 
advisable,  and  in  fact  impossible  in  this  case  to  make  the  notches  deeper  because  of  the  reduc- 
tion in  the  available  net  area  of  the  lower  chord  section,  the  members  must  be  made  wider  if 
this  form  of  joint  is  to  be  used.  The  calculations  above  show  that  a  6  X  8-in.  member,  actual 
width  7}i  in.,  must  be  used  for  both  the  top  and  bottom  chord  members.  This  change  will  be 
made  and  the  other  details  of  the  design  will  be  worked  out. 

The  net  area  of  the  lower  chord  member  must  now  be  checked  up.  As  shown  in  Fig.  169, 
the  weakest  section  is  on  a  vertical  section  through  point  4,  where  the  net  area  provided  is 
7.6  X  3  =  22.6  sq.  in.  From  Table  2,  the  net  area  required  for  member  are  is  16.2  sq.  in.  The 
area  furnished  is  therefore  ample,  provided  no  further  cutting  is  reqiiired. 

The  loads  brought  to  the  surfaces  1-2  and  3-4  must  be  resisted  by  the  shearing  resistance 
offered  by  the  surfaces  2-6  and  4-7.  The  shearing  resistance  developed  must  be  equal  to  the 
horizontal  component  of  the  stress  in  the  top  chord  member,  which  is  26,670  lb.,  as  shown  by  the 
force  diagram.  Assuming  that  surface  2-6  carries  one  half  of  this  load,  the  length  required 
on  surface  2-6  is  H  X  26,670/240  X  7.6  «  7.4.,  when  the  shearing  working  stress  is  240  lb. 
per  sq.  in.,  as  given  in  Art.  142.  Surface  4-7  is  below  surface  2-6  so  that  it  can  be  counted  upon 
to  act  as  shear  resisting  area.  To  provide  some  excess  area  due  to  possible  defects  in  the  ma- 
terial, the  bottom  chord  member  will  be  extended  12  in.  beyond  the  intersection  of  center 
lines,  as  shown  in  Fig.  169.  A  layout  of  the  joint  will  show  that  the  lower  chord  member  will 
not  project  outside  the  roof  line  if  the  purlin  is  placed  with  its  lower  surface  on  the  same  level 
as  the  under  side  of  the  top  chord  member. 

The  top  chord  member  will  be  held  in  place  on  the  lower  chord  member  by  means  of  bolts 
passing  through  the  members,  as  shown  in  Fig.  169.  These  bolts  de  not  carry  any  definite 
stress,  as  they  serve  only  to  hold  the  parts  together.  Two  ^-in.  bolts  will  be  used,  located  as 
shown  in  Fig.  169.  In  order  to  avoid  further  cutting  of  the  lower  chord  member  to  provide  seats 
for  the  washers  at  the  lower  ends  of  the  ^-in.  bolts,  a  6  X  8-in.  timber,  known  as  a  corbel,  will 
be  bolted  to  the  under  side  of  the  chord  member,  as  shown  in  Fig.  169. 

Although  the  ^-in.  bolts  do  not  carry  any  definite  stress,  it  is  usual  to  assume  that  the 
probable  maximmn  stress  in  the  bolt  is  equal  to  its  full  net  strength  in  tension.  Washer  details 
and  bearing  areas  are  then  determined  for  this  load.  As  the  area  at  the  root  of  thread  for  a 
^-in.  bolt  is  0.302  sq.  in.,  the  probable  maximum  bolt  stress  is  16,000  X  0.302  «  4830  lb.  For 
the  conditions  shown  in  Fig.  169,  the  allowable  bearing  value  under  the  washers  is  governed 
by  the  conditions  under  the  corbel.  From  the  formula  of  Art.  142,  the  allowable  bearing  value 
is  330  +  0.1816  (26.6)*  =  460  lb.  per  sq.  in.  As  stated  in  Art.  142,  this  may  be  increased  for 
washers  which  cover  only  a  part  of  the  area  of  the  bearing  surface.  The  bearing  area  required 
is  then  4830/460  X  1.26  »=  8.4  sq.  in.  From  the  table  of  Standard  Cast  Washers  given  on 
p.  246,  it  will  be  found  that  the  standard  washer  for  a  ^-in.  bolt  provides  a  bearing  area  of 
about  7.9  sq.  in.  Under  the  conditions,  a  standard  washer  will  be  used,  although  the  area 
provided  is  somewhat  deficient.  If  the  discrepancy  in  area  is  greater  than  for  the  case  under 
consideration,  it  will  be  best  to  design  a  special  steel  plate  washer  similar  to  those  used  at  joints 
d,  /,  and  g. 

Since  the  probable  bolt  stresses  are  inclined  to  the  axis  of  the  corbel,  keys  or  wedges  must 
be  inserted  between  the  lower  chord  member  and  the  corbel  to  prevent  any  movement  of  the 
parts.  If  three  wooden  keys  are  provided,  as  shown  in  Fig.  169,  each  key  must  take  one-third 
of  the  horizontal  component  of  the  total  stress  in  the  bolts.  From  a  force  diagram,  the  hori- 
zontal component  of  the  stress  in  the  bolts  is  found  to  be  2  X  2,160  «  4320  lb.  In  addition 
to  this  load,  the  keys  must  also  provide  for  the  horizontal  component  of  the  reaction  due  to 
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wind.  From  the  coefficients  for  wind  load  reactions  given  in  the  chapt«r  on  Roof  Truaaes 
— Stress  Data,  the  maximuRi  horizontal  force  to  be  provided  for  is  2.06  X  2,220  X  ^in  26° 
34'  -  2050  lb.     The  total  to  be  carried  by  the  keys  is  then  4320  +  2060  =  6550  lb. 

A  2  X  4-in.  Icey,  actual  size  15g  X  3H  in.,  will  be  asaumed.  Fig.  (6)  shows  the  condi- 
tiona  for  which  the  key  is  to  be  designed.  The  area  required  for  bearing  against  the  side  fibers 
of  each  key  ia  >i  X  6550/412.6  =  5.28  sq.  in.,  asauming  a  working  stress  as  for  bearing  under 
WBshera.  The  area  provided  by  the  assumed  key  is  >^  X  1-625  X  7.6  -  6.08  sq.  in.,  which  is 
sufficient.  The  length  of  the  key  ia  determined  by  the  area  required  to  develop  a  shearing 
resistance  equal  to  one-third  of  the  total  horizontal  force  to  be  carried,  which  ia  !^  X  6550  = 
2183  lb.  As  given  in  Art.  142,  the  allowable  shearing  stress  transverse  to  the  grain  is  150  lb. 
per  »q.  in.  The  area  required  for  each  key  is  then  2183^160  —  14.6  sq.  in.  As  shown  in  Fig. 
(6)  the  area  provided  by  a  key  on  the  surface  1-2  is  3.625  X  7.5  ■■  26.5  sq.  in.  The  aasumed 
key  is  Batiafact«ry.  To  prevent  the  key  from  twisting,  due  to  the  eccentric  application  of  the 
forces,  a  H-i°-  f^o't  will  be  placed  close  to  each  key,  aa  shown  in  Fig.  (a). 

The  bearing  area  provided  between  the  masonry  wall  and  the  corbel  ia  determined  by  the 
allowable  bearing  on  the  masonry,  which  is  given  in  Art.  142  as  300  tb.  per  sq.  in.  From  Art. 
144  it  will  be  found  that  the  reactions  at  the  wall  are  as  follows:  dead  load,  6500  lb. ;  aitow  load, 
89401b.;  wind  load,  vertical  component  41001b.,  horizontal  component  2050  tb.  The  resulting 
reactiona  are  then:  (a)  dead  load,  minimum  anow  load,  and  maximum  wind  Ipad,  vertical  com- 
ponent 14,070  lb.,  horizontal  component  2050  lb. ;  {b)  dead  load,  maximum  snow  load,  and  mini- 
mum wind  load,  vertical  component  14,810  lb.,  horizontal  component  700  lb.;  and  (c)  reaction 
due  to  a  vertical  load  of  40  lb.  per  sq.  ft.  of  covered  area,  15,960  lb.  Case  (c)  therefore  detei^ 
mines  the  required  bearing  area,  which  is  15,960/300  ••  53.3  aq.  in.  If  a  12-iD.  wall  is  assumed, 
the  arraugemeat  shown  in  Fig.  169  provides  a  bearing  area  of  12  X  7.6  '^  00  sq.  in.,  which  is 
greater  than  required.  To  prevent  horizontal  movement  on  the  wall,  the  corbel  will  be  notched 
over  the  wall,  as  shown  in  Fig.  169.  The  area  required  in  bearing  against  the  wall  is  2050/300 
••  6.S3  aq.  in.    A  1-in.  notch  will  provide  7.5  sq.  in. 

Tig.  in  ihowB  m  dcdsn  mads  op  for  ■  bent  atnp  wltli  n  lug  notdi«d  Into  the  lowet  ehotd.  It  wID  be  amunn] 
that  »U  of  ttie  strcM  In  the  top  chord  msmbet  ii  tmuteried  to  tlis  lover  ehocd  membet  by  msni  of  the  bent  Btnp. 
The  bolts  HTTa  only  to  hold  the  puts  (D«ethet. 

The  bnriac  maB  on  eurfecfs  1-2  and  2-3  miut  be  lu^e  «DOacb  to  proTide  for  tiie  compoDrDts  of  foreee  showa 
in  the  tone  diaa»m.  From  the  formula  of  Art.  142.  the  oUowabls  bcarinc  value  on  the  lurface  1-2  ia  1060  lb,  per 
•q.  in.,  and  that  oo  iiutatw  2-3  i»  460  lb.  per  sg.  in. 
Smee  the  fiben  at  the  ead  of  the  top  ohord  member  are 
eonSned  by  the  bent  strap,  which  tendi  to  increase  the 
allowable  bavins  value,  it  eeemg  reasonable  (o  alloir  an 
iBereaaa  ol  2e  %  to  the  working  value  livan  above.  The 
bearinc  areas  reqoired  are:  surface  1-2,  20,700/1060  X 
1.25  -  20.1  sq.  in.:  sod  surface  2-3,  13.335/460  X  1,S6 
—  23.3  ag.  in.    Sinoe  the  under  lide  of  the  hent  atrap  ^ 

ber,  the  aOowabia  bearinc  •>  330  lb.  pet  sq.  in.  If  this 
be  inareaaed  2E  % ,  aa  aaaumed  above,  the  area  required 
b  13,335/330  X  1.2S  -  32.1  sq.  in. 

In  ordef  to  secure  a  notch  of  reaaonable  depth  on 
line  1-2  of  Tig.  170,  it  will  be  found  aecoBvy  to  incteas* 

tb*  width  of  the  ehoH   membBn  (o  S  in.,   aa  in  the  -JOinr  o 

aaae  at  the  deaitn  of  Fig.  ISO.     A  notoh  2^  in.  deep  Pia.  17a. 

will  provide  an  area  of  2.75  X  7.5  -  30,6  sq.  in.,  which 

sUcbtly  eioeeds  the  required  area.  On  aurfaee  3-3,  an  am  ol  6.7S  X  T.5  •  50.6  sq.  in.  b  provided,  whieb 
eimeds  the  area  required. 

The  strap  miitt  be  set  into  the  chord  member  to  a  depth  which  will  provide  for  the  borisootsl  component  of 
26,970  lb.  in  bearins  on  the  end  fiben  cf  the  material.  Aseumioc  that  one-half  of  the  load  ia  taken  at  the  front  end 
of  the  strap  detail,  and  that  the  other  halt  it  Uken  br  a  lui  at  the  rear  end.  the  depth  of  notch  required  at  esch 
pbtoe  ia  20.670/2  X  1800  X  7.5  -  O.OSB  in.     A  l-in.  notch  will  be  u»d,  as  shown  in  Fig.  170. 

The  thlDknets  of  the  strap  ia  determined  by  the  oonditiona  at  the  lus  on  the  rear  end.  Coouderins  the  lu(  to 
be  a  cantilever  beam  which  carH«  half  of  the  boriionUl  component  of  the  atreu  in  the  top  ohord  member,  and 
Hcuminc  that  the  thickneaa  of  the  strap  is  H  in.,  the  bending  moment  to  be  cariied  by  the  imp  is  M  X  13.335 
(1.0  +  076)  .  11,700  in.-Ib.  Thia  moment  ocours  on  a  vertical  section  at  the  point  where  the  luc  joips  the  hori- 
■ontal  portion  of  the  it 


1S,000  lb.  per  HI.  in.,  the  nquiri 
7H  ID.  WHtii  will  be  lucd,  ami 

To  hold  tha  (trap  in  plua 
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!kiiaaia(Sif/Vl^  -  (6  X  11,700/7. 


Ifl.OOO)^  -0.7e5in.     AH- 
I  to  nuke  certaia  thmt  tJi«  at 
required  is  13.336/16,000  -  0.g3J 


>r  ttie  ■! 


tha  eod  ol  ttw  top  cberd  member,  tiro  K-in.  bolts.  pU»d  About  4  in.  eente 
•olta  do  Dot  carry  may  de6iut«  fttma,  bat  vqKrienn  baa  abova  tbat  Ibe  joiiit,  U 
parte  held  Hcurely  in  pogitioD.     Bolta  a{  tha  iiae  adopted  will  be  found  to  be  ao 


wiU  be  held  In  place  on  the  lower  ehord  number,  partly  by  means  of  a  block  keyed  in  ptaee,  and  partly 

f  vertical  bolCi  placed  dae  to  the  face  of  the  lu«,  ai  ahown  in  Fix.  170.     Ad  exact  detarmiDation  of  tlie 

M  bolt!  «n  not  be  made.     By  aasuminc  that  the  moment  of  the  >tm>  in  the  bolt  taken  about  the  «dae 

(e  block  ii  equal  to  the  moment  OD  the  lux  coDridered  ai  a  eantilever.  an  approiimaU  dcteimination  of 

the  bolt  streoa  caD  be  made. 


m  JSL4; 


By  scale  from  Fis.  170  the 
lever  arm  of  the  bolt  linm  about  the  edse  of  tha 
wedce  block  is  1  !□.  The  atnee  in  the  bolt  is 
than  about  11.700  lb.  At  16.000  lb.  per  sq.  in., 
an  ana  of  11,700/1*1,000  -  0.73  eq.  in.  ia  re- 
quired.    Two  M-iD.  bolts  will  futoish  the  reqnirtid 

The  lenith  required  on  the  surface  4-6  to 
e  load  broucfat  to  surface  4-G, 

ods  liven  lor  tha  deai«n  ot  He- 
les.  All  details  of  the  adopted  desicD  an  ahown 
in  Fi|.   170. 

Fi|.  171  shows  a  detail  for  joint  a  made  op 
of  structural  steel  ptat«a  and  shapes.  In  this 
dedgn  the  etnasea  in  the  top  and  bottom  chord 
memben  are  transferred  to  steel  aide  plates  by 
means  ot  lufs  riveted  to  the  plates.  The  kiad  ii 
transferred  from  the  side  plates  to  the  maamry 
w^lis  by  a  shoe  eompoatd  o 


and  all  d 


channel. 


dEtail  of  the 


form  shown  in  Yit.  171  is  eapecially  useful  f< 
tnusca  in  which  the  distanee  from  the  ioteiseetion 
point  of  the  nnter  lines  of  memben  and  the  and 
of  the  truss  ia  limited,  u.  for  siample.  in  strae- 
tures  la  which  the  nalla  are  built  up  above  the 

end  detail  of  the  form  shown  in  Pigs.  109  or  170 
oould  not  be  used  in  such  cseee.  for  the  end  of  the 
truss  would  project  through  the  walls. 

As  shown  in  Fix.  171  (a),  the  stma  in  tha 
top  chord  member  is  trwuferred  to  the  side  plates 
by  means  of  four  tugs.     The  losd  on  each  log  is 
then  20.800/4   -   74S0  lb.      Since  the  allowmble 
I»isq,  in.,  andainoG  the  chord  member  is  G.£in.  wide. 
A  H-ia.  lui  will  be  used.     As  the  amount  of  cuttin* 
l-in.  section  dcaiincd  in  Table  3  can  beuwd. 
The  tun  will  be  fastened  to  the  side  pUtea  by  rivets  H-'i"-  i"  diameters.     From  the  ubles  of  rivet  valuea  (iven 
in  the  ebapter  on  Splices  and  Conaectioiu— Steel  Memben,  the  value  of  a  K-in.  rivet  in  eioclr  shear  is  4430  lb. 
^  74S0/4420  —  2  rivets  are  required  in  each  lua.  as  shown  in  Pi|.  (a).     In  order  to  provide  room  for  theae 


I  Fio.  171. 


1,  the  6  X 


will  be 


leiMin 


The  distance  between  the  lu(s  on  the  top  chord  member  ie  determined  by  the  sbearinc  ares  required  to  reaisl 
the  load  on  the  lugs.  Sinoe  the  load  to  be  carried  by  each  lug  is  74S0  lb,,  and  since  the  allowable  shear  ia  240  lb.  pfr 
sq.  in.,  the  area  required  between  luff  is  74M/240  -  31.0  sq.  in.  As  the  top  chord  member  isSM  in.  deep,  tbedis- 
tance  between  the  lugs  must  be  31  0/S.fi  -  S.04  ia.  To  allow  for  inequalities  in  material  and  uneven  bearing  on  tlie 
lu0,  the  clear  distanee  between  Iue)  will  be  made  7H  in.,  as  shown  in  Fig.  (a).  As  the  top  chord  member  la  in 
compression,  the  shear  area  must  be  provided  to  the  right  of  tha  lug,  or  toward  tha  apei  of  the  trasa.  For  the  lower 
ehord  member,  which  is  in  tension,  the  shear  area  must  be  provided  to  the  left  of  the  lug — tbat  ia,  between  the  end 
ol  the  truss  and  the  lug.  The  simniement  of  luiB  shown  on  Fig.  (a)  for  the  lower  chord  member  providi*  men 
shear  area  between  the  lugs  than  is  required  to  carry  the  loads.  The  lugs  are  placed  as  shown  in  order  (o  bind  tlie 
platee  firmly  to  the  chord  member. 

The  thickness  of  the  side  platee  is  determined  either  by  the  limiting  slenderneaa  ratio  required  i 
member  at  the  lower  end  of  the  top  chord  member,  or  by  the  section  required  to  resist  the  bending  st 
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•pplied  loadi.  From  Fig.  171  (a),  the  mMrimmn  unaunxMied  length  of  plate  at  the  top  chMxl  member  is  about  8  in. 
If  l/r  is  Hmited  to  126,  the  mi"»«»"»"  allowable  r  »  8/126  «  0.064  in.  For  a  rectangle  r  «  0.289  d.  Therefore, 
d  »  0.064/0.280  a  0.22  in.  £Knoe  at  will  be  necessary  to  countersink  some  of  the  rivets  in  the  rear  face  of  the  i^te. 
in  order  to  secure  a  smooth  face,  a  plate  at  least  H  i^'  thick  must  be  used,  as  shown  by  the  dimensions  of  counter- 
sank  rivet  heads  given  in  the  chapter  on  Splices  and  Connections — Steel  Members. 

Fig.  171  (6)  shows  the  forces  acting  on  one  of  the  side  plates  at  a  section  where  the  depth  of  plate  is  10  in. 
The  forces  shown  on  section. »^  represent  the  internal  stresses.  These  forces  are  a  shear  of  7980  lb.,  a  thrust  of 
6670  lb.,  and  a  bending  moment  about  the  center  of  gravity  of  the  section  of  14,000  X  1.7  +  6670  X  2.2  -  50,000 
in.-Ib.  The  extreme  fiber  stress,  which  is  compressive,  occurs  at  the  upper  edge  of  the  plate.  The  fiber  stress  is  to 
be  calculated  from  the  formula  given  in  Art  100  for  bending  and  direct  stress,  from  which  /  -  P/A  +  Mc/1  - 
6670/10  X  0.376  +  6  X  60,000/0.876  X  10«  -  1780  +  8000  -  9780  lb.  per  sq.  in.  The  effect  of  shear  can  be 
ne^ected,  as  in  the  case  of  ordinary  beam  design.  Other  sections  were  investigated,  but  fiber  stress  at  section  »-« 
was  found  to  be  a  i«*'»<w»«i«  Since  the  fiber  stress  found  above  is  weU  within  allowable  Kmits,  the  H'Sn*  pl*to  will 
be  adopted. 

The  side  plates  are  held  in  place  against  the  chord 
members  by  means  of  Ixdts  placed  as  shown  in  Fig.  (a). 
Fig.  (c)  shows  the  forces  acting  on  one  of  the  lugs  at  the  com- 
pression chord.  These  forces  tend  to  cause  a  clockwise  rota- 
tion of  the  lug.  This  rotation  is  resisted  by  bending  in  the 
nde  plates,  by  tension  in  bolt  1,  and  by  compression  on  the 
side  fibers  of  the  timber  at  boH  2.  N^ecting  the  effect  of 
the  bending  of  the  side  plate,  and  assuming  that  the  com- 
pression is  concentrated  at  the  bolt,  the  resisting  forces  are 
fouxMl  tobe  7460  X  0.626/3.6  -  1330  lb.  Fig.  (e)  shows  the 
conditions  on  which  this  equation  is  based.  To  carry  this 
stress,  yi-in.  bolts  will  be  used,  arranged  as  shown  in  Fig.  (a). 
At  boH  2  the  ride  plate  presses  against  the  chord  member 
with  a  force  of  1330  lb.  If  the  allowable  bearing  on  the  side 
of  the  chord  member  be  assumed  to  be  the  same  as  for 
washers,  the  width  of  bearing  required  is  1330/412.6  X  6.6 
<■  0.6  in.  As  the  side  plate  extends  IH  in.  beyond  the  hig, 
proper  provirion  has  been  made  for  the  eompresrion  at  this 
place.  The  lugs  on  the  lower  chord  member  are  subjected 
to  similar  conditions.     Fig.  (a)  shows  the  adopted  arrange-  Fia.  172. 

ment  of  lugs  and  bolts. 

The  details  of  the  shoe  are  as  shown  in  Fig.  (a).  Short  pieces  of  3H  X  3H  X  H-in.  angle  are  riveted  to  the 
ride  plates.  As  the^maximam  vertical  reaction  is  16,960  lb.,  and  the  rivets  are  in  single  shear,  16,960/4420  ■■4 
rivets  are  required.  In  Fig.  (a)  six  rivets  are  shown  in  place.  The  sole  plate  is  formed  by  an  8-in.  11.26-Ib.  ohan- 
neL  The  flanges  of  the  channel  are  placed  downward  and  provide  resistance  against  horixontal  motion,  taking 
the  place  of  the  notch  used  in  the  design  of  Fig.  169. 

A  modified  form  of  the  joint  of  Fig.  171  is  shown  in  Fig.  172.  In  this  design  the  side  plates  do  not  extend  far 
oiough  along  the  lower  chord  member  to  include  the  shoe,  which  is  fastened  directly  to  the  chord  member.  The 
stresses  in  the  chord  members  are  transferred  to  the  side  plates  from  which  the  combined  loads  are  transferred  back 
to  the  lower  chord  member  and  thence  to  the  wall  through  the  shoe.  This  arrangement  causes  a  bending  moment  at 
the  end  of  the  lower  chord  member,  and  also  causes  vertical  forces  to  be  sent  up  which  must  be  resisted  by  the  bolts 
at  A  and  B  of  Fig.  172  (a).  From  Fig.  (a),  the  moment  in  the  chord  members  is  (16.960-2660)  7.25-96,600  in.-lb. 
Fig.  (6)  shows  the  ride  plates  removed  with  all  forces  in  porition.  To  hold  the  plate  in  equilibrium  under  the 
action  of  the  stresses  in  the  chord  members,  forces  P  and  Q  must  act  as  shown.  These  forces  can  be  determined 
subject  to  the  conditions  that  moments  about  any  point  outride  of  the  plate  must  be  sero,  and  that  P-Q  is  equal  to 
the  vwtical  component  of  the  top  chord  stress.     Fig.  (6)  shows  the  resulting  values. 

The  design  of  this  form  of  joint  will  not  be  carried  beyond  this  point.  Design  method  for  the  determination 
of  the  sises  of  bolts  required  at  A  and  B  are  given  in  the  chapter  on  Splices  and  Connections — Wooden  Members. 
The  fiber  stresses  in  the  chord  member  can  be  determined  by  the  methods  given  for  the  design  of  wooden  beams. 

The  arrangement  of  Fig.  171  is  deddedly  better  than  the  one  of  Fig.  172;  the  former  detail  is  therefore  recom- 
mended, as  the  latter  detail  leads  to  very  heavy  bending  and  bolt  stresses  in  the  case  of  large  structures. 

Fig.  173  shows  a  design  for  joint  a  in  which  a  cast  shoe  is  used.  The  horisontal  component  of  the  top  chord 
stress,  which  is  26,670  lb.,  is  transferred  to  the  bottom  chord  member  by  means  of  lugs  set  into  the  lower  chord. 
The  vertical  component  of  the  top  chord  stress  is  transferred  to  the  lower  chord  member  in  bearing  on  its  upper 
fiben.  It  is  the  usual  practice  in  the  design  of  a  shoe  of  the  form  shown  in  Fig.  173  to  assume  that  the  bearing  on 
surface  2-A  is  uniformly  distributed  over  the  area  of  contact  between  the  shoe  and  the  chord  member.  This  as- 
sumption holds  true  only  when  ZF,  the  vertical  component  of  the  top  chord  stress,  is  applied  at  the  center  of  the 
bearing  area  on  the  chord  member.  In  the  case  under  conrideration,  which  is  shown  in  Fig.  173,  ZF  intersects  the 
surfoce  2-4  at  a  point  2.8  in.  from  its  center.  The  maximum  bearing  pressure  therefore  occurs  at  point  2.  At 
other  points  the  bearing  pressures  are  smaller  than  at  2,  while  at  point  4  the  direction  of  pressure  is  upward.  This 
i^HHtrd  pressure  must  be  resisted  by  a  bolt,  for  upward  pressures  in  such  details  can  not  be  resisted  directly  by  the 
idffitce  2^.  The  principles  of  design  are  rimilar  to  those  outlined  for  the  design  of  the  column  footings  given  in 
Old- chapter  on  the  Deta^ed  Design  of  a  Roof  Truss  with  Knee-braces. 
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Ab  shown  in  Fig.  173,  the  top  chord  member  bean  directly  on  a  flat  base  1  in.  thick  which  is  supported  by  two 
webs,  one  on  each  side  of  the  casting.  This  base  can  be  designed  as  a  beam  ^ed  at  the  ends  by  the  side  web 
plates.  The  adopted  thiduiess  of  base  is  somewhat  greater  than  required  by  the  stresses.  It  was  made  IH  an. 
thick  in  order  to  secure  a  rigid  connection  at  this  point.  The  top  chord  member  is  held  in  place  on  tiie  shoe  by 
two  side  plates,  and  by  means  of  a  short  lug  set  into  the  end  of  tne  member.  In  this  design  the  6  X  64n.  pieoea 
called  for  in  the  design  given  in  Table  2  can  be  used,  as  the  bearing  area  on  the  end  of  the  chord  xattober  and  the 
net  area  required  for  the  lower  chord  member  are  furnished  by  the  arrangement  shown. 

The  vertical  lug  on  the  rear  end  of  the  shoe  is  made  twice  as  deep  as  the  one  at  the  front  end,  as  shown  in 
Fig.  173.  This  is  done  in  order  to  reduce  the  required  shear  resisting  area  in  front  of  the  shoe.  Asraming  that  the 
rear  lug  takes  H  of  the  horizontal  force  and  that  the  front  lug  takes  the  balance,  the  load  at  the  front  lug  is  H  X 
26.670  -  8890,  and  the  load  at  the  rear  lug  is  17,780  lb.  Since  the  allowable  bearing  on  the  end  fibers  of  the  mate- 
rial is  1800  lb.  per  sq.  in.,  and  the  chord  member  is  5H  io-  wide,  the  depth  required  for  the  front  lug  is  8890/1800 

X  5.5  -  0.898  in.,  and  for  the  rear  lug,  a  depth  of  17.780/1800 
6'   „  ./^  X  5.5  *  1.80  in.  is  required.     The  front  lug  will  be  made  1  in. 

deep,  and  the  rear  lug  will  be  made  2  in.  deep,  as  shown  in 
Fig.  173   (o). 

The  position  of  XV,  the  vertical  component  of  the  top  chord 
stress,  can  be  determined  as  soon  as  the  d^th  of  the  lugs  is 
fixed.  As  shown  in  Fig.  (a),  XH  and  XV  intersect  on  the  center 
— ^  line  of  the  top  chord  member.  To  locate  the  line  of  action 
of  XH,  take  moments  about  surfrtce  2-4,  from  which  x  * 
8,800X0.5+17,780X1       ^  ^^^   .         „     .         .  ,,.    « 

a  S90  4-  17  780 *  ^'      ^*^"*  **^*'*   ^®  '*"• 

of  action  of  XH,  the  position  of  XV  can  be  determined  by  a 
layout  of  the  joint,  from  which  it  will  be  found  that  XV  lies  3.8 
in.  from  the  intersection  of  the  center  lines,  as  shown  in  Fig.  (a). 
The  distance  from  the  front  lug  to  the  end  of  the  chord 
member  is  determined  by  the  length  required  to  develop  a 
shearing  resistance  of  8890  lb.  For  a  working  shear  stress  of 
240  lb.  per  sq.  in.,  the  distance  required  is  8890/5.5  X  240  - 
6.74  in..  The  length  provided  furnishes  some  excess  area.  Since 
the  shearing  area  required  for  the  rear  lug  is  twice  as  great  as 
that  for  the  front  lug,  the  adopted  dimensions  provide  excess 
area.  As  the  shear  area  for  the  rear  lug  is  below  that  for  the 
front  lug,  the  entire  distance  from  the  rear  lug  to  the  end  of  the 
chord  member  can  be  counted  on  as  shear  area  if  necessary. 

The  thickness  of  the  lugs  is  determined  by  their  strength 
as  simple  cantilever  beans.     It  will  be  found  best  to  make  the 
casting  either  of  cast  steel,  or  of  malleable  cast  iron.     For  these 
materials  the  fiber  stress  in  bending  can  be  taken  as  7500  lb. 
per  sq.  in.     If  ordinary  cast  iron  is  used,  for  which  the  allowable 
bending  stress  is  about  3000  lb.  per  sq.  in.,  very  wide  lugs  would 
be  required,    resulting   in    a   heavy,   awkward  casting.      The 
stronger  material  will  therefore  be  used. 
At  the  rear  lug,  the  moment  to  be  carried  on  the  surface  4-5  is  17,780  X  1  -  17,780  in.-lb.     The  thickness 
required,  using  a  working  stress  of  7500  lb.  per  sq.  in.,  is  (6Af/6/)H  -  (6  X  17,780/6.5  X  7500)V4  -  1.61  in.     A 
1^-in.  lug  will  be  used.     For  the  front  lug,  the  moment  to  be  carried  is  8890  X  0.5  -«  4445  in.-lb.,  and  the  thick- 
ness of  lug  required  is  (6  X  4445/5.5  X  7.5) H  -  0.805  in.     A  HAn.  lug  will  be  used. 

Figs.  173  (6)  and  (c)  show  sections  of  the  body  of  the  shoe.  As  shown  by  these  sections,  the  body  of  the  shoe 
is  formed  by  a  1-in.  bearing  plate  which  rests  directly  on  the  lower  chord  member.  This  base  plate  is  strengthened 
by  side  web  plates.  The  height  of  these  side  web  plates  is  varied  to  suit  the  stren  conditions  for  which  provision 
must  be  made. 

Fig.  (6)  shows  the  conditions  which  determine  the  sise  of  the  body  of  the  shoe  on  section  2-3,  close  to  the  front 
lug.  The  thickness  of  the  bed  plate  ci»n  be  determined  by  assuming  that  it  acts  as  a  simple  beam  supported  by  the 
side  webs.  Neglecting  the  supporting  e£Fect  of  the  lug,  and  assuming  that  the  load  to  be  carried  is  equal  to  the 
maximum  allowable  bearing  value  of  the  timber,  which  is  330  lb.  per  sq.  in.,  and  that  the  span  of  the  bed  plate  is 
the  distance  between  the  centers  of  the  vertical  web  plates,  we  have  for  a  1-in.  strip,  a  moment  of  M  «  Hwf* 
*  H  X  330  X  4.5>  "  835  in.-lb.  For  a  fiber  stress  of  7500  lb.  per  sq.  in.,  as  assumed  above,  the  required  thick- 
ness of  base  plate  is  d  -  (63f/6/)H  »  (6  X  835/7500  X  1)^  »  0.818  in.     A  1-in.  base  plate  will  be  used. 

The  depth  of  the  side  webs  must  be  great  enough  to  provide  for  the  stresses  due  to  the  loading  conditions 
shown  in  Fig.  (b).  From  this  sketch  it  can  be  seen  that  section  2-3  is  subjected  to  a  thrust  of  8890  lb.,  and  a  mo- 
ment of  8890  (0.85  +  0.5)  "  12,130  in.-lb.  This  force  and  moment  act  at  the  center  of  gravity  of  the  section, 
which  can  be  located  by  the  methods  explained  in  Sect.  1.  As  this  is  a  case  of  combined  stresses,  the  formula 
/  -■  P/A  ±  Mc/I  will  be  used.  This  formula  is  derived  and  its  application  explained  in  the  chapter  on  Bending 
and  Direct  Stress.  For  the  conditions  shown  in  Fig.  (6),  the  fiber  stress  at  point  2  is  /t  -  P/A  -|-  Me/1  -  8800/8 
+  12,130  X  0.85/2.99  ^  4560  lb.  per  sq.  in.  (comp.)  and  at  point  3  the  fiber  stress  is/s  "  P/A  -  Me/I  -  8800/8 
-12,130  X  1.40/2.99  »  4690  lb.  per  sq.  in.  (tens.).     Fig.  (c)  shows  a  section  at  4-6,  near  the  rear  lug.     fq^  ^^ 


Section  4-6 

Fig.  173. 
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foTDH  mid  diuHjaaioiifl  Ahovn  it  *iU  be  Found*  hy  Lbe  A&me  nwthoda  M  luad  for  iQotdon  3-3,  tJikt  the  fiber  BtrcH  at 
paint  4  i>  6240  lb.  p«r  sq.  ia.  eompreaaive,  knd  that  it  point  S  ia  S7iO  lb,  per  sq.  is.,  ten»ilB.  As  all  of  these  fiber 
MnM«  an  vltbin  the  allonble  vkliu  of  7600  lb.  per  eq.  in.,  the  sectioDB  will  be  adopted. 

The  leoctn  of  the  bearing  (urfaoe  between  the  shoe  and  the  ohord  memboi^-tbat  ii,  euiface  3-4  of  Fis.  (a) — 
il  deterauned  by  eut-and-try  melboda.  It  poaaible.  the  ahoe  ahould  be  located  to  that  the  ver^cal  oomponent  of 
the  t(q>  ohord  atrtaa.  ihowabv  XV  in  Vi^.  (a),  ant*  at  the  «nter  of  the  bedrini  guifaoe  3-4.  When  this  can  be  done, 
the  besiina  pnHurc  over  the  giirfaiie  2-4  is  uniform.  In  the  trues  under  ooDgideratJoD.  the  fmilB  between  the  eboid 
memben  is  small  and  a  shoe  snanaed  sa  described  above  would  not  be  tu  compact  a*  desired.  It  nill  be  naoesaarr. 
Id  order  to  aeeure  a  well  proportioned  shoe,  to  place  the  oeater  of -the  bearing  surface  behind  Ute  line  of  action  of 
ZV.  This  will  result  in  an  uneven  distribution  of  the  bearing  pressure  between  the  shoe  and  the  diord  membar. 
As  tbere  will  probably  be  upward  pressures  near  pi^t  4,  a  bolt  will  be  provided  to  retist  the  total  upward  fores. 
Ths  distance  between  tbe  top  diord  seat  and  the  rear  lug  will  be  made  just  loSdeiit  to  allow  a  Hri"-  bolt  U>  b* 
insertsd.  aa  shown  in  FSf.  (a). 

A  lencth  of  beaiins  on  line  S-1  of  16  in.  will  be  assumed.  Ths  beating  streia  on  this  ana  can  be  determined 
by  the  methods  given  In  Art  ISfi.  From  eq.  (3)  of  the  article  msntioiied,  with  P  -  EV  -  13,336  lb.:  i  -  fi.G  In.; 
d  -  16  in.:  and  e  -  a.B  in.;  we  have  pt  -  P/bd  (1  +  6t/d)  - (13,33a/S.fi  X  ie)(l  +flx  3.8/16)  -  ISLE  (1  + 
LOG)  -  310  lb.  par  aq.  in.  Blnoe  this  bearing  value  is  less  than  the  allowable  of  330  lb.  par  sq.  in.,  thaassomed 
ikngtfa  is  suffielcDt. 

Sinee  the  term  6a/il  In  tbe  above  equation  ia  greater  than  unity,  it  is  evident  that  tendon  oiiBtB  at  point  4, 
although.aeindicaled  by  the  low  value  of  the  term  (1  -  6s/d).  this  tennon  is  very  small.  Fromeq.  (G)of  theartisle 
nuntiooed  above,  the  total  tension  in  the  bolt  at  the  i«ar  hig  is  T  -  Pil/24«  (Ss/d  -  !)•-  (13,336  X  lS/34  X  Z-8) 
(0  X  3.8/16  -  1)<  -  7.96  lb.     Tbe  K-iu.  bolt  ia  much  too  large,  but  It  will  be  used. 

A  corbel  gimllar  In  form  to  the  one  ahown  in  Fig.  16B  will  be  used  with  the  design  under  oonsiderBtion.  All 
details  of  the  casting  and  the  corbel  are  as  ehown  in  Fig.  173(a). 

Demgn  of  Joint  f. — Joint  details  for  point /can  be  antuiged  as  described  for  joint  6.  Pig. 
174  flhom  thiee  forms  of  joint  details  for  joint/.  Fig.  (a)  shows  a  design  for  notching,  Fig. 
(b)  ghowB  a  bent  strap  design,  and  Fig.  (c)  shows  a 
cast-iron  shoe.  A  plate  washer  is  shown  on  the  lower 
end  of  the  vertical  o-f.  This  washer  is  designed  by  the 
methods  used  for  the  washer  at  joint  d  and  shown  in 
Fig.  167. 


Deiiffn  of  Joint  g. — The  lower  chord  of  a  wooden  roof  truss  is  uauaJly  spliced  at  the  center 
point,  which,  in  the  truss  under  consideration,  is  joint  g.  Two  designs  will  be  given  in  detail 
for  the  tension  splice  required  at  this  point.  One  design  will  be  worked  out  for  a  tabled  fish 
ldat«  splice  constructed  entirely  of  wood,  and  another  will  be  worked  out  using  steel  side  plat«e 
aad  bolta.  Design  methods  for  these  two  forms  of  splices  are  given  in  the  chapter  on  Splices 
and  Connections — Wooden  Members. 

Fig.  176  shows  a  tabled  fish  plate  splice  of  wooden  construction.  This  splice  is  composed 
of  two  wooden  plates  with  lugs  which  fit  into  recesses  cut  into  the  sides  of  the  lower  chord  mcm- 
b«r.  The  design  of  the  splices  consists  in  the  determination  of  the  net  area  required  for  the 
■plice  plates  and  for  the  recessed  portions  of  the  lower  chord  member;  the  determination  of  the 
bearing  area  required  between  the  splice  plate  and  the  chord  member;  the  determination  of  the 
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shearing  area  required  on  the  projecting  portions  of  the  splice  plate  and  the  chord  member;  and 
the  provision  of  bolts  to  hold  the  splice  plates  in  position. 

Since  there  are  two  splice  plates,  and  since  the  total  load  to  be  carried  is  21,300  lb.,  the  net 
area  required  in  the  body  of  each  splice  plate  is  21,300/2  X  1650  ^  6.45  sq.  in.  Assuming  the 
width  of  the  splice  plate  to  be  5.5  in.,  the  thickness  required  is  6.45/5.5  =  1.17  in.  As  the  load 
on  the  splice  plate  and  the  chord  member  act  directly  on  the  end  fibers  of  the  material,  the 
allowable  bearing  value  is  1800  lb.  per  sq.  in.  The  width  of  bearing  required  is  then  21,300/2 
X  5.5  X  1800  =  1.08  in.  A  3  X  6-in.  piece,  actual  dimensions  2J^  X  5K  in.,  can  be  used 
as  a  splice  plate.  As  shown  in  Fig.  175,  the  lugs  will  be  made  l^e  u^*  deep,  and  the  thickness 
of  the  splice  plate  at  the  center  will  also  be  made  1^6  in.  This  arrangement  will  provide 
ample  net  and  bearing  areas. 

The  length  of  the  lugs  reqmred  on  the  splice  plates  and  on  the  end  of  the  chord  member  is 
determined  by  the  shearing  area  required  to  carry  a  load  of  K  X  21,300  =  10,650  lb.  For  a 
working  shearing  stress  of  240  lb.  per  sq.  in.,  the  length  of  the  lug  required  is  10,650/240  X  5.5  = 
8.07  in.  To  provide  for  possible  defects  in  the  material,  the  lugs  will  be  made  12  in.  long,  as 
shown  in  Fig.  175. 

Since  the  load  to  be  carried  by  the  splice  plate  is  applied  1^6  in.  from  the  axis  of  the  plate, 
a  momeut  is  set  up  which  tends  to  rotate  the  lug  from  its  seat  on  the  chord  member.  The 
amoimt  of  this  moment  is  10,650  X  1.3125  =  14,000  in.-lb.  To  hold  the  lug  in  its  seat,  a  bolt 
will  be  placed  through  the  splice  plate  and  the  chord  member,  as  showu  in  Fig.  175.  An  ap- 
proximate estimate  of  the  stress  in  this  bolt  can  be  made  by  dividing  the  moment  calculated 
above  by  the  distance  from  the  point  of  contact  between  splice  plate  and  chord  member  to  the 
bolt,  which  in  this  case  is  6  in.  Neglecting  the  effect  of  the  resisting  moment  developed  by 
the  body  of  the  splice  plate,  the  stress  in  the  bolt  is  14,000/6  »  2330  lb.  For  a  working 
stress  of  16,000  lb.  per  sq.  in.,  the  required  area  at  the  root  of  thread  is  2330/1 6,0Q0  =  0.147 
sq.  in.,  which  is  furnished  by  a  ^-in.  bolt.  Standard  washers  on  the  ends  of  this  bolt  will  pro- 
vide proper  bearing  area  on  the  side  fibers  of  the  splice  plate. 

The  net  area  of  the  chord  members  on  the  line  of  the  bolt  must  be  investigated.  Since  the 
depth  of  the  cutting  on  each  side  of  the  main  member  b  1^6  in.,  as  shown  in  Fig.  175,  the  net 
width  of  member  is  5.5  —  2  X  1.3125  =  2.875  in.  Assuming  the  hole  for  the  bolt  to  be  ^  in. 
in  diameter,  the  net  depth  of  the  chord  member  is  5.5  —  0.75  «  4.75  in.  Hence  the  actual  net 
area  of  the  chord  member  is  4.75  X  2.875  =  13.65  sq.  in.  The  net  area  required,  as  shown  in 
Table  2,  is  21,300/1650  —  12.9  sq.  in.  Therefore,  as  shown  by  the  above  calculations,  the 
splice  is  sufficient  in  all  of  its  details. 

As  shown  in  Fig.  175,  two  diagonal  web  members  and  a  vertical  tension  rod  enter  joint  g. 
The  load  in  the  tension  rod  is  transferred  to  the  chord  member  by  means  of  a  plate  washer  on 
the  under  side  of  the  chord  member.  This  washer  is  designed  by  the  methods  used  for  the 
washer  at  joint  d,  except  that  the  allowable  bearing  pressure  for  the  chord  member  at  ^  is 
determined  for  the  side  fibers  of  the  material,  a  value  which  is  somewhat  smaller  than  for 
joint  d.     However,  it  will  be  found  that  the  two  washers  can  be  made  of  the  same  dimensions. 

The  two  web  members  entering  joint  g  are  shown  as  seated  on  a  wooden  block  set  into  the 
top  of  the  chord  member.  Ample  bearing  area  is  provided  by  the  arrangement  shown  in  Fig. 
175.  Since  the  wind  stress  in  one  of  the  diagonals  is  3520  lb.,  and  that  in  the  other  is  zero,  as 
given  in  Table  1,  the  bearing  block  must  be  notched  into  the  chord  member  in  order  to  hold 
the  diagonals  in  place.  A  force  diagram  will  show  that  the  component  of  the  wind  stress  parallel 
to  the  chord  member  is  2380  lb.  For  an  allowable  bearing  of  1800  lb.  per  sq.  iu.,  the  bearing 
area  required  is  2480/1800  =  1.38  sq.  in.  If  the  bearing  block  is  made  the  full  width  of  the 
chord  member,  a  notch  1.38/5.5  -  0.251  in.  deep  is  required.  As  shown  in  Fig.  175,  a  J^-in. 
notch  is  provided,  for  a  shallower  notch  would  not  be  effective. 

Fig.  176  8how8  a  dedgn  for  j(nnt  g  in  which  steel  Bide  pUtee  and  bolts  are  used.  The  design  of  this  joint  conmts 
in  the  determination  of  the  number  and  sise  of  bolts;  the  determination  of  the  sise  of  the  side  plates ;  and  the  sparing 
of  bolts  required  to  maintain  safte  shearing  stresses  in  the  timber. 

If  the  thickness  of  the  side  plates  be  assumed  as  >^  in.,  the  loading  conditions  for  a  bolt  are  as  shown  in  T%. 
176  (6).    The  toUl  moment  to  be  carried  by  all  of  the  bolts  is  10,650  X  IH  ^  15,975  in.-lb.     From  the  table  of 
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■afo  bendinc  momanti  on  pins  for  an  aOowable  fiber  strete  of  24,000  lb.  per  sq.  in.,  the  safe  bending  moment  is 
2350  in.-Ib.  for  a  1-in.  bolt,  and  3350  in.-lb.  for  a  IH-in.  bolt.  Therefore,  seven  1-in.  bolts,  or  five  IH-m-  bolts 
are  required.  To  seciire  a  compact  joint,  five  IH-in.  bolts  will  be  used.  Before  this  number  of  bolts  is  finally 
adopted,  the  bearing  pressure  exerted  by  the  bolts  on  the  timber  and  on  the  steel  side  plates  must  be  examined. 
For  an  allowable  worldng  bearing  value  of  1200  lb.  per  sq.  in.  for  bolts  bearing  on  the  timber,  the  area  required  for 
each  bolt  is  21,300/5  X  1200  -  3.53  sq.  in.  The  bearing  value  provided  by  a  IM^n.  bolt  is  5.5  X  1.125  -  fi.lOsq. 
in.  For  the  side  plates,  the  allowable  bearing  value  on  the  steel  plate  is  24,000  lb.  per  sq.  in.,  and  the  bearing  area 
required  for  each  bolt  is  21.300/5  X  24,000  ->  0.178  sq.  in.  The  bearing  area  provided  by  two  K-in.  side  plates  on 
each  bolt  is  2  X  1.125  X  0.25  -  0.56  sq.  in.  As  the  assumed 
bolts  are  safe  in  bending  and  bearring.  they  will  be  adopted. 

^g.  176  (a)  shows  the  arrangement  of  the  bolts.  Net  areas 
on  sections  x-x  and  v-V  must  be  investigated  before  this  arrange- 
ment is  adopted.  At  section  x-x,  the  net  area  required  is 
21,300/1650  -  12.0  sq.  in.  Assuming  that  the  bolts  fit  the  holes 
exactly,  the  net  area  of  the  chord  member  at  section  x~x  is  (5.5  - 
1.125)  5.5  —  24.1  sq.  in.  At  section  y-y.  the  stress  in  the- chord 
member  is  4/5  X  21,300  «  17,050  lb.;  the  net  area  required  is 
17,050/1650  -  10.32  sq.  in.,  and  the  net  area  provided  is  (5.5  - 
1.125  X  2)  5.5  "  17.9  sq.  in.  The  net  areas  provided  are  there- 
fore suflScient. 

The  distance  between  bolts,  and  the  distance  between  the 
end  of  the  chord  member  and  a  bolt  is  determined  by  the  shear 
area  required  to  develop  a  resistance  equal  to  the  load  on  a  bolt. 
From  Fig.  176  (a),  the  required  distance  between  bolts  for  a 
shearing  stress  of  240  lb.  per  sq.  in.  is  21,300/5  X  5.5  X  2  X  240 

->  1.61  in.  As  shown  in  Fig.  176  (a),  the  adopted  bolt  spacing  exceeds  the  required  spacing.  The  adopted 
•pacing  was  used  in  order  to  avoid  interference  between  the  first  set  of  bolts  and  the  bearing  block  for  the 
diagonal  members.  Six-inch  spacing  was  adopted  for  the  other  bolts  in  order  to  secure  a  neat  looking  joint. 
All  of  the  details  of  the  bearing  block  for  the  diagonal  members  and  washer  for  the  vertical  tension  rod  are  the 
•ame  as  shown  on  Fig.  175. 

Joifti  DetaxU  for  Trusses  wUk  Built-up  Members. — In  some  cases  truss  members  aie  made 
of  built-up  members  composed  of  planks  placed  side  by  side  and  bolted  together  to  act  as  a 
single  piece,  as  described  in  Art.  145  for  the  top  and  bottom  chord  members  of  the  truss  under 
discussion  in  this  chapter.    Joint  details  for  such  members  can  be  made  up  along  the  same 

lines  as  those  given  above  for  members  composed  of  single  sticks. 
In  any  case,  it  is  well  to  provide  excess  bearing  areas  at  all  points 
in  order  to  allow  for  possible  defects  in  workmanship  and  in  mi^ 
terials,  due  to  the  fact  that  the  bearing  surfaces  are  composed  of 
several  parts  which  must  work  together,  each  taking  its  propor- 
tion of  the  total  load. 

Fig.  177  shows  arrangements  of  built-up  joint  details  for  joints  a  and  d. 
In  Fig.  (a)  is  given  a  detail  for  joint  o.  A  design  is  given  in  Art.  145  for  a 
bottom  chord  member  composed  of  five  2X8  in.-plank.  A  top  chord  section 
of  the  same  sise  will  also  be  used  in  this  detail.  As  shown  in  Fig.  (a),  three  of 
the  top  chord  plank  and  two  of  the  lower  chord  plank  are  cut  away,  and  the 
remaining  pieces  are  fitted  together  to  form  a  joint.  The  parts  are  held 
together  by  means  of  bolts  which  can  be  designed  by  the  methods  given  in  the 
chapter  on  Splices  and  Connections — Wooden  Members.  Fig.  (6)  shows  a  form 
of  joint  for  the  apex  of  the  truss. 

Details  of  Purlin  Connections. — In  Art.  127  there  is  given  a 
general  description  of  the  forms  of  purlin  connections  in  general 
use.  For  the  truss  under  consideration,  a  strap  hanger  of  the 
form  shown  in  Fig.  146  (&)  of  the  above-mentioned  article  will  be 
used.  Standard  sizes  of  strap  hangers  are  given  in  trade  cata- 
logues, from  which  it  will  be  found  that  a  3  X  ^-in.  strap  is  required  for  a  6  X  S-in.  purlin. 

It  will  be  assumed  that  the  purlin  is  to  be  placed  with  its  lower  edge  on  the  same  level  as 
the  lower  face  of  the  top  chord  member.  Since  the  purlin  as  designed  in  Art.  144  is  a  6  X  8-in. 
section,  actual  depth  7H  ui-»  and  the  top  chord  member,  as  designed  in  Table  2  of  Art.  145, 
is  a  6  X  6-in.  section,  actual  depth  5  H  in.,  the  purlin  projects  2  in.  beyond  the  top  of  the  chord 
member,  as  shown  in  Fig.  178  (a).    The  3  X  ^-in.  strap  hanger  is  held  in  position  on  the  chord 


Fig.  177. 
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member  hy  lag  screws.  In  locating  the  purlin  at  joint  6,  it  ia  desirable  that  the  purlin  be  placed 
witfaitsoenterattbein.teTBectiouof  the  center  lines  of  the  truss  membeiB.  Itmay  not  be  possi- 
ble in  all  cases  todo  this,  because  of  interference  between  the  washer  and  thestrap  hanger.  Tbe 
purlin  will  be  placed  as  cloee  to  the  dedred  position  as  the  conditions  wilt  permit. 

Fix.  ITS  W  abrxn  ft  deUil  tor  joint  d,  the  Biiei  ct  the  tnm.  A  dnKli! 
purlin  of  tbs  nme  >i>g  M  In  joint  b  ia  uwd  >t  joint  d.  ThB  putUn  at  d  !■ 
placed  in  ft  TBrtical   poftition  ftnd  !■  held  in  plftee  by  a  fttrap  hftDger  which  i> 

The  deelEDft  tor  joint  a  tbowa  in  Fisa.  1S9  to  ITS  can  be  amnfed  vithout 
the  lue  of  ft  putiin.  In  place  of  ft  purlin  the  ma«>nTy  can  be  built  up  betweui 
the  truiHa,  and  ft  vfti)  piftte  provided  on  which  the  tafMn  at*  (ealcd.  It  K 
purliD  ig  dMirad  at  thia  poiat  ■  detail  can  be  uaed  ol  the  form  ifaown  in  Fi^. 

j^^b  l«W>.p.4». 

147.  General  Drawing  and  Estinuited  Weight— In  Fig.  179 
there  is  shown  a  general  drawing  of  the  tnisa  designed  in  the  pre- 
ceding articles.  It  will  be  noted  that  the  joints  shown  ou  thIa 
drawing  are  made  by  notching  one  member  into  another,  and 
that  the  structure  is  practically  an  all- wood  eonatruction- 
These  details  were  shown  because  they  are  of  the  type  generally 
..        .  used  for  wooden  trusses,  and  because  they  are  readily  designed, 

p,g  jj^  easily  constructed,  and  a  thoroughly  practical,  reliable  structure  is 

obtained,  when  such  details  are  used. 
An  approximate  estimate  of  weight  will  be  made  for  the  truss  shown  on  Fig.  179  in  order  to 
check  up  on  the  dead  weight  estimated  by  the  formula  of  Art.  142  and  used  in  the  calculation 
of  stresses  in  Art.  145.  In  estimating  weights,  it  was  assumed  that  Weatem  Hemlock  weighs 
3  lb.  per  toot  board  measure,  and  that  Bteel  and  cast  iron  weigh  490  lb.  per  cu.  ft.  Weights  of 
steel  rods  were  taken  from  the  steel  handbooks. 


The  totfti  weight  of  the  triHHiawiu  found  to  bcisgs  lb.,  divided  aa  tollowi:  main  mBmben,  1350  lb.;  BlMl  roda. 
I  lb.:  plate  and  caat  watheis,  100  lb.;  bolta  sod  dowel  pina.  T£  tb.;  and  atrap  hangen,  00  lb.  Sinm  the  >p«n  ia 
It.,  and  the  diatwice  between  tiuaa»B  10  tt.,  the  hoiiiDotalooveied  MM  per  trunk  to  X  ie-800*q.tt.     TI» 
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mctuiJ  bam  veiefat  par  iq.  ft.  of  hariiaatitl  covered  uea  ia  then  '"Nds  -  2.13  lb.  Fram  Ait.  144  tJ 
eatinuted  by  formulB  ii  3.42  tb.  per  tn.  ft.  of  coverHl  ures.  The  utimatsd  •rei«lit  is  therefore  about  14 
of  the  actual  weifht.  Bowavei.  u  bniugfat  out  in  tha  diKunton  on  dead  woight  formufu  given  id  thi 
Roof  Tri»«>-~OenenI  Deaign.  ttiii  diffnence  between  aotual  lod  oetimBtni  velatatiHOotcreatenougJ 
a  reealoulation  o(  tbe  dead  load  stnaoea.     Tbe  dcoisii  aa  civeD  io  the  pieoedin(  sTtiole*  will  therefore  bi 


DETAILED  DESIGN  OF  A  STEEL  ROOF  TRUSS 
Br  W.  S.  KiNNB 

148.  GenenI  Conditkiiu  for  the  Design. — A  complete  design  will  be  made  of  the  steel  roof 
trasses  for  a  building  with  masonry  side  and  end  walls.  It  will  be  assumed  that  the  layout  of  the 
building,  as  determined  by  other  considerations,  ia  as  shown  in  Fig.  180.  A  roof  covering  coa- 
eiating  of  wood  shinies  on  plank  sheathing  will  be  used.  The  structure  will  be  assumed  as 
located  in  the  Central  States.  It  will  be  deseed  for  a  minimum  load  capacity  of  40  lb.  per 
aq.  ft. 

The  general  requirements  governing  the  design  of 
the  steel  woik  wiU  conform  to  the  standard  practice  for 
this  type  of  structure.  Working  stresses  for  steel  will 
be  16,000  lb.  per  sq.'in.  on  the  net  section  of  tension 
members,  and  16,000-70  1/t  lb.  per  sq.  in.  on  the  gross 
area  of  eompresaion  members  (I  -  length  of  member  in 
inches,  and  r  —  least  radius  of  gyration  of  section  in 
inches).    The  limiting  slendemess  ratio  for  compression 

membeiB  will  be  t/r  =  126  for  main  members  and  I/r  •>  ^ „  igQ 

ISO  for  bracing.     It  will  be  assumed  that  the  trusses 

are  not  exposed  to  moisture  or  corrosive  gases,  so  that  the  minimum  thickness  of  material 
can  be  taken  aa  ^  in.  All  members  carrying  calculated  stress  will  be  made  of  two  angles, 
the  member  and  joint  details  to  be  arranged  according  to  the  discussion  given  in  the  chapter 
on  Roof  Truasea — General  Design. 

Biveta  will  be  taken  as  H  in.  in  diameter,  and  rivet  holes  will  be  punched  Hs  m-  larger 
then  the  rivet  diameter.  In  calculating  net  areas  of  t«nBion  ^embers  the  diameter  of  rivet 
holes  will  be  taken  H  in.  larger  than  the  rivet,  or  ^  in.  Working  values  for  shop  rivets  will 
be  based  on  10,000  lb.  per  sq.  in.  for  shear,  and  20,000  lb.  persq.in.  for  bearing;  corresponding 
values  for  6eld  rivets  wiU  be  7600  and  16,000  lb.,  respectively. 

The  smallest  angle  leg  which  will  hold  a  ^-'m.  rivet  is  usually  taken  as  2H  in.  Where  an 
angle  leg  does  not  contain  rivets,  a  2-in.  leg  can  be  used.  No  reduction  in  section  area  will  be 
ntade  where  angles  are  connected  by  one  leg  only,  except  the  usual  reduction  for  rivet  holes. 

Working  stresses  for  wooden  sheathing  will  be  taken  as  1000  lb.  per  sq.  in.  for  bending.  The 
bearing  on  masonry  walls  wilt  be  2001b.  persq.in.  Purlins  will  be  made  of  rpUed  steel  sections. 
To  avoid  excessive  deflection,  the  adopted  section  will  be  limited  in  depth  to  }io  of  the  span. 

119.  Type  and  Form  of  Truss. — The  type  and  form  of  truss  to  be  used,  and  the  spacing 
of  the  trusses  will  be  determined  by  a  consideration  of  the  principles  outlined  in  the  chapter  on 
Roof  Trusses — General  Design.  As  a  shingle  roof  ia  to  be  used,  the  minimum  desirable  roof 
pitch  ia  H-  This  is  also  the  pitch  which  will  result  in  the  most  economical  structure.  It  will  , 
therefore  be  adopted. 

From  Fig.  180,  the  distance  between  walls  is  49  ft.  If  it  be  assumed  that  the  end  bearing 
plates  are  to  be  12  in.  long,  the  effective  span  will  be  50  ft.  Since  the  adopted  pitch  is  J^,  the 
height  of  the  truss  will  be  *?4  =  12.5  ft.,  as  shown  in  Rg,  181.  The  length  of  the  top  chord 
member  is  (26'  +  12.6')^  =  28  ft.  If  the  top  chord  memliets  be  hmited  in  length  to  about 
8  ft,,  it  will  be  necessary  to  divide  the  top  chord  into  four  parts,  each  ^^  =  7  ft,  long.  From 
Rg.  144,  p.  465,  a  convenient  form  of  truss  is  offered  by  the  compound  Fink  truss  of  Pig.  (6), 
or  by  the  four-panel  Pratt  truss  of  Fig,  (ft).  Of  these  two  forms  of  trusses,  it  will  be  found  that 
lor  points  near  the  center  of  the  span  the  Fink  truss  can  be  made  up  with  shorter  members  than 
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those  needed  for  the  Pratt  truss.  As  shown  by  the  tables  of  stress  coefficients  given  in  the  chap- 
ter on  Roof  Trusses — Stress  Data,  the  stresses  in  the  members  of  the  Fink  truss  are  a  little 
larger  than  those  in  the  Pratt  truss.  Everything  considered,  however,  it  seems  best  to  use  the 
Fink  type,  as  shown  in  Fig.  181. 

The  economical  spacing  of  trusses,  as  given  in  Art.  124,  is  about  H  of  the  span  length,  or  in 
this  case,  12.5  ft.     From  Fig.  180,  the  distance  of  end  walls  is  90  ft.     If  the  truss  spacing  be 

made  15  ft.,  there  will  be  6  bays  and  5  trusses  .re- 
quired. Where  7  bays  are  used,  the  truss  spacing 
will  be  about  13  ft.  As  economical  conditions  favor 
long  truss  spacing,  the  arrangement  shown  in  Fig. 
180  will  be  adopted. 

160.  Loadings. — ^As  stated  in  Art.  148,  the 
structure  is  supposed  to  be  located  in  the  Central 
States.  The  snow  load  for  this  region,  as  given  in 
the  table  in  Art.  136,  is  25  lb.  per  sq.  ft.  of  roof 
surface.  For  this  section  of  the  coimtry,  the  unit  wind  pressure  is  generally  taken  as  30  lb. 
per  sq.  ft.  on  a  vertical  surface.  From  the  table  of  wind  pressures  given  in  Art.  135,  the 
intensity  of  normal  pressure  on  a  one-quarter  pitch  roof  is  22.4  lb.  per  sq.  ft.  of  roof  surface. 

The  dead  weight  of  the  truss  will  be  estimated  by  means  of  one  of  the  weight  formulas  given 
in  Art.  134.    From  the  Carnegie  Handbook  formula,  for  40-lb.  capacity,  the  weight  is  given  as 

0.2(V50  +  0.125  X  50)  =  2.7  lb.  per  sq.  ft.  of  horizontal  covered  area. 

Assuming  the  weight  of  the  bracing  to  be  0.8  lb.  per  sq.  ft.,  the  total  dead  weight  of  truss  and 
bracing  will  be  2.7  +  0.8  »  3.5  lb.  per  sq.  ft.  of  horizontal  covered  area. 

The  weight  of  the  roof  covering  can  be  estimated  from  the  table  given  in  Art.  133.  Shingles 
weigh  about  3  lb!  per  sq.  ft.  of  roof,  and  the  sheathing,  which  will  be  hemlock,  will  weigh  about 
3  lb.  per  sq.  ft.  of  roof  per  inch  of  thickness. 

151.  Design  of  Sheathing. — ^The  thickness  of  the  sheathing  can  be  determined  from  Table 
2,  p.  458.  Thus  for  a  roof  of  40-lb.  capacity,  as  assumed  in  Art.  148,  Table  2  shows  that  for  a 
slope  of  6  in.  per  foot,  which  corresponds  to  one-quarter  pitch,  the  limiting  span  of  1-in.  sheath- 
ing is  6.84  ft.  for  a  fiber  stress  of  1000  lb.  per  sq.  in.  This  is  but  slightly  less  than  the  distance 
between  top  chord  panel  poii^^,  as  shown  in  Fig.  181.  The  value  given  above  is  the  limiting 
span  for  bending,  as  deflection  is  not  limited  for  shingle  roofs.  Although  material  1-in.  thick 
can  be  used  for  sheathing  as  far  as  stress  conditions  are  concerned,  it  is  not  considered  good 
practice  to  use  such  thin  material  for  long  spans.  It  is  advisable  to  use  2-in.  material,  which 
will  be  adopted. 

A  more  exact  design  of  the  sheathing  can  be  made  by  eonsidering  the  oombinationa  of  loads  acting  on  tli6 
sheathing.  These  combinations  are  similar  to  thsse  mentioned  in  Art.  137.  They  are:  (a)  dead  load  and  snow 
Joad;  (6)  dead  load,  minimnm  snow  load,  and  maximum  wind  load;  and  (c)  dead  load,  maximum  snow  load,  and 
minimum  wind  load.  The  dead  load  is  the  weight  of  the  shingles  and  of  the  sheathing,  which  will  be  assumed  to  be 
2  in.  thick.  At  3  lb.  per  ft.  B.  M.,  the  sheathing  weighs  6  lb.  per  sq.  ft.  of  roof. 
From  Art.  150,  the  maximum  wind  and  snow  loads  are  respectively  22.4  and  20 
lb.  per  sq.  ft.  of  roof  surface,  the  wind  load  acting  normal  to  the  roof  and  the 
snow  load  acting  vertical.  Minimum  snow  load  will  be  taken  as  ond-half  of  the 
maximum,  and  minimum  wind  load  will  be  taken  as  one-third  of  the  maximum. 

The  allowable  fiber  stress  for  the  sheathing  will  be  taken  as  1000  lb.  per  sq. 
in.  As  mentioned  in  Art  135,  the  wind  load  is  an  occasional  loading  and  the 
working  stresses  can  be  modified  accordingly.  It  will  be  assumed  that  the 
working  stress  for  wind  loading,  when  combined  with  stresses  due  to  direct 
loading,  is  increased  50%.  This  can  be  taken  into  accoimt  by  reducing  the 
wind  load  by  H — that  is,  by  using  a  unit  wind  load  of  20  lb.  per  sq.  ft.  The 
normal  load  for  a  roof  of  H  pitch  is  then  14.0  lb.  per  sq.  ft.  This  load  can  be 
combined  with  those  for  dead  and  snow  load,  and  a  working  stress  of  1000  lb. 
per  sq.  in.  applied  to  the  resulting  moment. 

In  designing  the  sheathing,  it  will  be  assumed  to  act  as  a  beam  supported  by  purlins  placed  at  the  top  chmxl 
joints  of  the  truss.  As  shown  in  Fig.  181,  the  piirlins  are  spaced  7  ft.  apart.  Since  the  sheathing  is  continuous  over 
the  purlins,  it  will  be  assumed  that  the  maximum  moment  is  given  by  the  formula  if  —  Ho  to<*-  The  loads  will  be 
resolved  into  components  perpendicular  and  parallel  to  the  sheathing.     It  will  be  assumed  that  the  moment  to  be 
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earned  by  the  sheathine  is  due  to  the  normal  loads;  the  efiFect  of  components  parallel  to  the  sheathing  will  be  neg- 
leoted. 

The  total  vertical  load  for  the  combination  of  case  (a)  is  3  lb.  for  shingles,  6  lb.  for  sheathing,  and  20  lb.  for 
snow,  a  total  of  20  lb.  As  shown  in  Fig.  182,  the  roof  surface  forms  an  angle  of  26  deg.  84  min.  with  the  horixontal. 
The  conaponent  perpendicular  to  the  roof  is  then  20  X  cos  26  deg.  34  min.  «  20  X  0.805  «  25.0  lb.  per  sq.  ft. 
of  roof.  For  case  (b),  which  is  shown  in  Fig.  182,  th«  vertical  load  is  8  lb.  for  shingles,  6  lb.  for  sheathing,  and  10 
lb.  for  minimum  snow  load;  a  total  vertical  load  of  10  lb.,  for  which  the  component  perpendicular  to  the  roof  is 
10  X  0.805  ->  17  lb.  The  wind  load  normal  to  the  roof  is  14.0  lb.  Hence  the  total  normal  load  is  17.0  +  14.0  - 
31.0  lb.  In  the  same  way  it  will  be  found  that  the  total  normal  load  for  case  (c)  is  30.0  lb.  Case  (6)  therefore  gives 
the  maximum  normal  component. 

The  maximum  moment  to  be  carried  by  the  sheathing  due  to  the  normal  loads  is  then  Af  ■■  Ho  ^^  "  Ho  X 
31.0  X  7*  X  12  «  1875  in.-Ib.  For  a  rectangti]ar  section  the  fiber  stress  is  given  by  the  formula  /  -  Mc/I  — 
HM/hd*.    Considering  a  section  of  sheathing  1  ft.  wide  and  2  in.  thick,  we  have 

6  X  1875 


12  X  2  X  2 


234  lb.  per  sq.  in. 


As  the  allowable  fiber  stress  is  1000  lb,  per  sq.  in.,  the  sheathing  is  stronger  than  necessary.    To  conform  to  the 
general  practice,  the  assumed  sheathing  will  be  used. 

152.  Design  of  Purlins. — Purlins  are  designed  by  the  methods  outlined  in  the  chapter  on 
Design  of  Purlins  for  Sloping  Roofs  in  Sect.  2.  As  the  sheathing  is  quite  rigid,  it  will  be  as- 
sumed that  the  purlins  carry  only  the  components  of  loads  perpendicular  to  the  roof  surface. 
The  combinations  of  loading  will  be  the  same  as  for  the  design  of  the  sheathing.  From  the 
preceding  article  the  maximum  component  of  normal  loads  is  31.9  lb.  To  this  must  be  added 
the  weight  of  the  purlin,  which  will  be  assumed  to  be  1.3  lb.  per  sq.  ft.  normal  to  the  roof.  The 
total  normal  load  is  then  31.9  +  1.3  =  33.2  lb.  Since  the  trusses  are  spaced  15  ft.  apart,  the 
area  carried  by  a  purlin  is  7  X  15  =»  105  sq.  ft.  of  roof  surface.  The  total  uniformly  dis- 
tributed load  for  a  purlin  is  then  33.2  X  105  =  3486  lb.,  and  the  moment  to  be  carried, 
assuming  the  purlin  to  be  a  simple  beam  between  trusses,  is  M  =  H^^  "^  H  X  3486  X  15 
X  12  —  78,500  in.-lb.  For  an  allowable  working  stress  of  16,000  lb.  per  sq.  in.,  the  required 
J/c  -.  78,500/16,000  »  4.9  in.*  From  the  handbooks,  this  is  furnished  by  a  7-in.  9H'^h. 
channel.  The  true  weight  of  this  section,  in  lb.  per  sq.  ft.  normal  to  the  roof  surface,  ia 
9.75  X  cos  26"*  3477  »  9.75  X  0.895/7  »  1.25.  This  is  so  ck)6e  to  the  assumed  value  that 
the  calculations  will  not  be  revised. 

163.  Determination  of  Stresses  in  Members. — ^The  stresses  in  the  truss  members  are  to  be 
determined  for  the  same  combinations  of  loads  as  used  for  the  design  of  the  sheathing  and  the 
purlins.  Two  general  methods  of  calculation  can  be  used.  In  the  first  method,  the  dead  and 
snow  loads  are  taken  as  vertical  forces  and  the  wind  load  is  considered  as  acting  normal  to  the 
roof  on  the  windward  side.  In  the  second  method  of  calculation,  dead,  wind,  and  snow  loads 
are  represented  by  a  uniform  vertical  load  acting  over  the  entire  roof  surface.  As  stated  in 
Art.  137,  this  second  method  of  calculation  can  be  applied  to  trusses  of  the  Fink  type.  The 
stresses  thus  obtained  are  practically  the  same  as  those  obtained  by  the  first  method  of 
calculation.  While  the  first  method  probably  more  nearly  approximates  the  actual  con- 
ditions, the  second  method  results  in  a  considerable  saving  of  time  spent  in  stress  calculation. 
For  the  truss  imder  consideration  both  methods  of  calculation  will  be  carried  out  and  the 
results  compared. 

The  first  step  in  the  calculation  of  the  stresses  in  the  members  is  the  determination  of  the 
panel  loads.  In  the  first  method  of  calculation  outlined  above  it  will  be  found  best  to  deter- 
mine the  panel  loads  due  to  dead,  snow,  and  wind  loads  separately.  The  resulting  stresses 
can  then  be  determined  and  the  proper  combinations  made  up  to  determine  the  maximiun 
stress. 

As  stated  in  Art.  151,  the  dead  weight  of  the  shingles  and  sheathing  is  a  vertical  load  of 
9  lb.  per  sq.  ft.  of  roof  surface*  Since  the  purlins  are  spaced  7  ft.  apart,  and  the  trusses  are  15 
ft.  apart,  the  roof  area  per  panel  is  7  X  15  »  105  sq.  ft.  The  dead  panel  load  due  to  the  roofing 
is  then  9  X  105  »  945  lb.  To  this  must  be  added  the  weight  of  the  purlin  and  the  estimated 
weight  of  the  truss.  From  Art.  152,  the  adopted  purlin  is  a  7-in.  9^-lb.  channel.  As  the 
weight  of  one  15-ft.  purlin  is  carried  to  each  top  chord  panel  point,  the  dead  load  due  to  the 
purlin  is  9^  X  15  «-  146.3  lb.    From  Art.  150,  the  estimated  weight  of  the  truss  and 
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bracing  was  found  to  be  3.6  lb.  per  sq.  ft.  of  horizontal  covered  area.  As  the  span  is  60  ft., 
and  since  there  are  8  roof  panels,  the  horizontal  covered  area  per  panel  i&  16  X  *%  =  93.76 
sq.  ft.  The  panel  load  due  to  the  weight  of  the  truss  and  bracing  is  then  93.76  X  3.6  «  328.1 
lb.  Adding  together  these  partial  panel  loads,  the  total  dead  panel  load  is:  946.0  +  146.3  + 
328. 1  «  1419.4  lb.     A  panel  load  of  1420  lb.  will  bei  tised  in  the  calculation  of  dead  load  stresses. 

The  stresses  in  the  truss  members  due  to  the  dead  panel  load  can  be  determined  by  the 
methods  of  stress  calculation  given  in  Sect.  1,  or  by  means  of  the  tables  of  stress  coefficients 
given  in  the  chapter  on  Roof  Trusses — Stress  Data.  Col.  1  of  Table  1  gives  the  calculated 
dead  load  stresses. 

From  Art.  160,  the  snow  load  is  a  vertical  load  of  20  lb.  per  sq.  ft.  of  roof  surface.  Since 
the  roof  area  per  panel  is  106  sq.  ft.,  the  snow  panel  load  is  20  X  106  =  2100  lb.  The  stresses 
due  to  this  panel  load  can  be  determined  by  the  methods  outlined  above  for  the  dead  load 
stresses;  As  the  panel  loads  for  dead  and  snow  load  are  both  vertical  and  are  applied  at  the 
same  points,  the  snow  load  stresses  can  be  determined  by  ratio  from  the  dead  load  stresses 
as  given  in  col.  1  of  Table  1.  Thus  if  the  dead  load  stresses  be  multiplied  by  the  ratio  of  snow 
and  dead  panel  loads,  the  resulting  stresses  will  be  the  required  snow  load  stresses.  For  the 
trass  under  consideration,  the  ratio  of  snow  and  dead  panel  loads  is  2100/1420  =  1.48.  This 
ratio  can  be  set  off  on  a  slide  rule  and  the  stresses  calculated  with  sufficient  accuracy  for  all 
ordinary  cases.  The  snow  load  stresses  for  the  truss  under  consideration  are  given  in  coL 
2  of  Table  1.  To  assist  in  making  up  the  combined  stresses  there  is  also  given  in  col.  3  of 
Table  1  the  stresses  due  to  one-half  of  the  maximum  snow  load. 

The  wind  pressure  on  the  roof  surface  of  a  one-quarter  pitch  roof  due  to  a  unit  pressure  of 
30  lb.  per  sq.  ft.  is  given  in  Art.  160  as  22.4  lb.  per  sq.  ft.  Where  the  woridng  stress  for  wind  is 
increased  60  %  over  that  used  for  dead  and  snow  loads,  as  in  the  case  under  consideration,  the 
change  can  be  made  by  a  reduction  in  the  intensity  of  the  wind  pressure  corresponding  to  the 
increase  in  working  stress.  Since  the  working  stress  for  wind  is  ^  of  that  for  the  other  loads, 
the  intensity  of  the  wind  pressure  can  be  taken  aa  %  of  the  value  given  for  a  30-lb.  imit  pressure. 
A  uniform  ^vorking  stress  of  16,000  lb.  per  sq.  in.  can  then  be  used  for  all  loadings. 

The  normal  wind  load  per  sq.  ft.  of  roof  corresponding  to  a  working  sti^ess  of  24,000  lb. 
per  sq.  in.  is  %  X  22.4  =  14.9  lb.  As  the  area  of  the  panel  is  106  sq.  ft.,  the  wind  panel  load 
is  14.9  X  106  =  1666  lb.  The  resulting  stresses  are  calculated  by  the  methods  of  Sect.  1,  or 
by  means  of  the  wind  stress  coefficients  given  in  the  chapter  on  Roof  Trusses — Stress  Data. 
In  calculating  the  i^ind  stresses  it  will  be  assumed  that  one  end  of  the  truss  is  fixed  and  that 
the  other  end  is  supported  on  a  smooth  plate  on  which  it  is  free  to  slide.  As  it  is  generally 
assumed  that  the  frictional  resistance  between  smooth  plates  is  zero,  the  reaction  at  the  free 
end  is  vertical.  The  assumed  end  conditions  are  covered  by  Cases  I  and  II  of  the  wind  stress 
coefficients  for  the  Fink  truss.  The  calculated  wind  stresses  for  wind  on  the  left  side  of  the 
truss  are  given  in  col.  4  of  Table  1.     In  col.  6  the  stresses  for  one-third  wind  load  are  given. 

The  combinations  of  dead,  snow,  and  wind  load  stresses  for  maximum  stresses  in  the  truss 
members  are  the  same  as  given  in  Art.  161  for  the  design  of  the  sheathing.  These  combinations 
are :  (a)  dead  load,  one-half  snow  load,  and  maximum  wind  load,  and  (&)  dead  load,  maximum 
snow  load,  and  one-third  wind  load.  The  maximum  stresses  for  case  (a)  are  given  in  col.  7 
of  Table  1.  They  are  obtained  by  adding  the  values  given  in  cols,  1,  3,  and  4.  Values  for  case 
(&)  are  given  in  col.  8.     They  are  obtained  by  adding  values  given  in  cols.  1,  2,  and  6. 

Maximum  Btresses  as  determined  by  the  second  method  of  calculation  outlined  above  are  given  in  col.  0  of 
Table  1.  The  vertical  uniform  load  which  is  to  represent  the  combined  efiFect  of  wind  and  snow  can  be  taken  from 
Table  9,  p.  469.  For  a  roof  of  one-quarter  pitch  located  in  the  Central  States,  the  load  is  given  as  25  lb.  per  sq.  ft. 
of  roof  surface.  The  equivalent  load  can  also  be  estimated  from  the  values  for  wind  and  snow  given  in  Art.  150. 
To  estimate  this  load,  assume  that  the  vertical  component  of  the  wind  is  combined  with  the  snow  load  in  the  aaoM 
manner  as  for  maximum  stresses  in  the  first  method  of  calculation.  The  vertical  component  of  the  wind  1o«d  m 
14.9  X  cos  26°  34'  -  13.4  lb.  per  sq.  ft.  of  roof.  If  one-half  of  the  snow  load  of  20  lb.  per  sq.  ft.  of  roof  be  added 
to  this  load,  there  is  obtained  an  equivalent  load  of  23.4  lb.  For  maximum  snow  and  one-third  wind  the  coxn> 
bined  load  is  ^^  X  13.4  +  20  -  24.4  lb.  These  values  compare  very  well  with  the  load  of  25  lb.  taken  from  the 
above  mentioned  table. 

The  panel  load  for  equivalent  vertical  loading  is  determined  by  adding  to  the  panel  load  for  the  above  load. 
the  dead  panel  load  as  given  above.    Ae  the  aroa  of  the  roof  panel  is  105  sq.  ft.,  the  panel  load  for  combined  wind 
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and  snow  is  25  X  105  -■  2625  lb.  The  dead  panel  load,  as  given  above,  is  1420  lb.,  and  the  total  panel  load  is 
1420  +  2625  -■  4045  lb.  Col.  9  of  Table  1  gives  the  resulting  stresses,  which  were  calculated  from  the  dead 
load  stresses  of  coL  1  by  means  of  the  ratio  of  panel  loads,  4045/1420  —  2.845,  which  was  set  off  on  a  slide  rule  and 
the  stresses  read  directly. 

In  some  cases  it  is  also  specified  that  the  roof  shall  be  designed  for  a  load  capacity  of  not  less  than  40  lb.  per 
sq.  ft.  of  covered  area.  The  specified  capacity  depends  upon  the  service  conditions  and  with  the  location  of  the 
structure,  varying  from  30  to  60  lb.  For  the  truss  under  consideration,  the  panel  load  will  be  40  X  93.75  «  3750 
lb.  Since  this  panel  load  is  less  than  the  one  used  for  the  calculation  of  the  stresses  given  in  col.  9  of  Table  1,  the 
resulting  stresses  will  be  smaller  than  those  given  in  col.  9.  In  some  oases  these  stresses  may  exceed  the  other8« 
in  which  case  they  will  determine  the  design. 

Comparing  the  stresses  obtained  by  the  two  methods  of  calculation,  as  given  by  cols. 
7  and  8  for  the  first  method,  and  by  col.  9  for  the  second  method,  it  will  be  found  that,  for  top 
and  bottom  chord  members,  the  stresses  given  by  col.  9  are  a  little  larger  than  those  given  in 
either  col.  7  or  8,  and  that  the  stresses  in  the  web  members  are  almost  identical  in  cob.  7,  8, 
and  9.  The  second  method  of  calculation  therefore  gives  practically  the  same  results  as 
the  more  exact  first  mehtod.  The  stresses  given  in  col.  9  will  be  used  as  the  maximum 
stresses  for  the  design  under  consideration. 

Table  1. — Stresses  in  Mbbcbbbs 
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164.  Design  of  Members. — The  conditions  for  the  design,  as  stated  in  Art.  148,  contain 
the  following  references  to  working  stresses:  tension,  16  000  lb.  per  sq.  in.  on  the  net  section; 
compression,  (16,000  —  70i/r)  lb.  per  sq.  in.  on  the  gross  section,  //r  not  to  exceed  126.  The 
minimum  thickness  of  material  is  given  as  Y^^  in.  All  members  carrying  calculated  stress  are 
to  be  made  up  of  two  angles.  Design  methods  for  tension  and  compression  members  are  given 
in  Sect.  2. 

In  making  up  truss  members  such  as  the  top  and  bottom  chord,  which  are  continuous  over 
several  panels,  it  is  the  usual  practice  to  design  the  member  for  the  section  of  maximum  stress, 
34 
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and  to  use  the  same  section  for  the  entire  member.  This  is  good  practice,  for  it  will  probably  be 
found  that  if  the  sections  are  changed  to  fit  the  stresses  and  splices  made  at  each  joint,  the  cost 
of  the  shop  work  on  these  splices  will  exceed  the  cost  of  the  excess  material  required  for  con- 
tinuous members. 

Trusses  of  small  size  can  generally  be  shipped  in  one  piece.  All  joints  can  be  riveted  up  in 
the  shop  and  the  truss  erected  as  a  unit  in  the  field.  The  limiting  dimensions  of  fully  riveted 
trusses  are  governed  by  the  methods  of  transportation.  It  is  generally  specified  that  a  truss 
or  girder,  which  is  to  be  shipped  by  train,  must  have  one  dimension  not  exceeding  from  10  to 
12  ft.  Trusses  with  a  greater  least  dimension  than  that  mentioned  must  be  broken  up  into 
smaller  parts.  The  truss  under  consideration  in  this  design  will  have  a  total  height,  which  is 
its  least  dimension,  of  about  13  ft.  It  must  then  be  broken  up  Into  smaller  parts.  For  trusses 
of  the  type  under  consideration,  it  is  usual  to  provide  field  splices  at  joints  g,  e,  and  k  of  the  truss 
diagram  of  Fig.  181.  The  least  width  of  the  pieces  thus  formed  will  be  the  distance  along  mem- 
ber c^,  which  is  about  8  ft.  Continuous  members  will  then  be  used  for  the  top  chord  member 
o  to  e;  the  bottom  chord  from  a  to  ^;  and  the  diagonal  from  gtoe.  Member  g-k  will  be  shipped 
as  a  single  piece. 

Design  of  Tension  Members, — The  maximum  stress  in  the  bottom  chord  member  from  a  to 
g  occurs  in  the  section  a-f,  where  the  stress  is  28,315  lb  For  a  working  stress  of  16,000  lb.  per 
sq.  in.,  the  required  net  area  is  28,315/16,000  »  1.77  sq.  in.  An  angle  must  now  be  selected 
whose  net  area — that  is,  the  area  of  the  section  minus  the  area  of  the  rivet  holes — will  provide 
the  required  area.  As  stated  in  Art.  148,  the  rivets  are  to  bo  ^  in.  in  diameter,  and  the  rivet 
holes  are  to  be  made  }i  in.  larger,  or  %  in.  The  area  to  be  subtracted  from  the  gross  area  of  the 
section  in  determining  net  area  is  then  the  thickness  of  the  material  multiplied  by  %.  The 
nimiber  of  rivet  holes  to  be  subtracted  from  each  angle  in  the  determination  of  the  net  areas 
depends  on  the  type  of  end  connection  used  for  the  member  in  question.  When  an  angle  is 
connected  by  both  legs,  the  area  of  two  rivet  holes  should  be  deducted  from  each  leg  so  con- 
nected, or  the  distance  between  the  rivets  in  the  two  legs  of  the  angle  should  be  made  such  that 
it  will  be  necessary  to  deduct  but  one  rivet  hole.  Tables  of  limiting  spacing  for  this  condition 
are  given  in  the  chapter  on  Splices  and  Connections — Steel  Members. 

Fig.  180  shows  the  details  of  joint  a  as  adopted  for  this  design.  The  bottom  chord  member  is  shown  as  ooo 
nected  by  one  leg.  One  rivet  hole  will  then  be  deducted  from  each  angle.  Assuming  two  2H  X  2H  X  H-'a^ 
angles,  whose  gross  area  as  given  by  the  handbooks  is  2  X  1.19  -  2.38  sq.  in.,  and  deducting  one  rivet  hole  from 
each  angle,  or  a  total  oi  2  X  H  X  H  ~  0.44  sq.  in.,  the  net  area  of  the  two  angles  is  2.38  -  0.44  -  1.94  sq.  in. 
As  given  above,  the  required  area  is  1.77  sq.  in.  The  assumed  section  is  therefore  ample,  and  wiU  be  adopted.  To 
assist  in  the  determination  of  the  net  area  of  members,  tables  of  areas  to  be  deducted  for  various  rivet  sises  and 
thicknesses  of  material  are  given  in  Sect.  2. 

Member  f-g  will  be  made  the  same  as  ar-f.  From  Fig.  188,  it  will  be  noted  that  the  member  is  connected  by 
both  legs.  Assuming  two  rivet  boles  deducted  from  each  angle,  the  net  area  of  the  section  is  2.38  —  4  X  0Jt2  » 
1.50  sq.  in.  As  shown  in  Table  2,  the  required  net  area  is  24,270/16,000  -■  1.52  sq.  in.  Since  the  net  area  for  two 
rivets  deducted  from  each  angle  is  practically  the  same  as  the  required  area,  the  rivets  can  be  spaced  as  desired. 
If  the  proper  area  is  not  provided  in  any  case,  either  larger  angles  must  be  assumed,  or  the  distance  between  thi 
rivets  in  the  two  legs  of  the  angles  must  be  such  that  only  one  rivet  hole  need  be  deducted  from  each  angle  is 
determining  net  areas. 

Fig.  190  shows  another  design  for  the  joint  at  a.  It  will  be  noted  that  member  a-f  has  rivets  in  both  kdh 
Deducting  four  rivet  holes  from  the  assumed  section,  the  net  area  is  found  to  be  2.38  —  0.88  »  1.50  sq.  in.  ThI 
assumed  section  is  too  smaU.  It  will  be  found  that  a  2H  X  2H  X  Ht-in.  angle  will  provide  the  required  areti 
However,  this  section  is  somewhat  heavier  than  the  lightest  of  the  3-in.  sections.  If  a  3  X  2H  X  K-in.  angle 
assumed,  it  will  be  found  that  the  net  area  with  two  holes  deducted  from  each  angle  is  2  (1.31  —  2  X  0.22)  «  1. 
sq.  in.,  which  is  sufficient.    This  section  would  be  adopted  if  the  design  of  Fig.  190  were  used. 

Members  g-h  and  A-e  are  made  continuous.     Table  2  shows  that  2)4  X  2H  X  K-in-  angles  are  used.    Th< 
angles  provide  considerable  excess  area,  but  from  the  conditions  of  the  design,  as  given  in  Art.  148,  they  are 
minimum  allowable  angles.    The  remaining  tension  members  are  designed  by  the  methods  explained  above.    Tal 
2  contains  all  data  in  convenient  form. 

Design  of  Compression  Members. — Compression  members  are  designed  by  cut-and-1 
methods.     That  is,  a  section  is  assimied,  the  allowable  working  stress  calculated  from  the  c( 
umn  formula,  the  required  area  determined,  and  the  required  and  provided  areas  com] 
The  assimied  section  is  adopted  if  the  area  provided  is  equal  to  that  required.     It  is  not  alwaj 
possible  to  obtain  an  exact  fit,  but  the  two  areas  should  not  differ  any  more  than  is  n< 
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If  the  assumed  section  is  insufficient,  or  if  it  provides  excess  area,  the  process  must  be 
repeated  until  the  desired  agreement  is  obtained.  Gross  or  total  section  areas  are  used  in 
the  design  of  compression  members;  rivet  holes  are  not  deducted,  as  in  the  case  of  tension 
members. 

The  top  chord  will  be  made  continuous  from  a  to  e.  As  shown  in  Table  2,  the  mATimiin^  stress,  which  is 
31,660  lb.,  occurs  in  member  a-6.  Assume  two  3H  X  H  X  Hs-in.  angles,  placed  as  shown  in  Fig.  183.  Since  the 
aOowable  working  stress  depends  on  the  ratio  of  length  to  least  radius  of  gyration,  the  angles  should  be  so  placed 
that  the  radii  of  gyration  for  the  axes  OX  and  OF  of  Fig.  183  will  be  as  large  as  possible,  and  also,  the  radii  for 
the  two  axes  should  be  as  nearly  equal  as  the  conditions  will  permit.  In  this  way  a  member  is  secured  which  has 
the  sanM  rigidity  in  all  directions.  This  condition  can  best  be  realised  by  the  use  of  angles  with  unequal  legs  placed 
with  the  longer  legs  back  to  back.  In  Fig.  183  the  angles  are  shown  separated  by 
a  small  space.  This  is  done  to  make  room  for  the  gusset  plates  at  the  joints,  as 
explained  in  the  chapter  on  Roof  Trusses — General  Design.  For  trusses  of  the 
Btse  under  consideration,  a  H-in*  space  is  ample. 

The  radii  of  gyration  for  angles  placed  as  shown  in  Fig.  183  can  be  found  in 
tables  given  in  the  steel  handbooks.  From  such  tables  it  will  be  found  that  the 
radii  are  1.10  in.  for  axis  OX  and  1.35  in.  for  axis  OY.  From  Table  2  the  length 
of  member  a-6  is  84  in.  Hence  the  ratio  of  length  to  least  radius  of  gyration  is 
l/r  M  84/110  i"  76.5,  Substituting  this  value  of  l/r  in  the  column  formula  of 
Art.  148,  the  aUowable  working  stress  is  16,000  -  70  l/r  -  16.000  -  70  X  76.5  - 

10,650  lb.  per  sq.  in.  The  area  required  is  31,660/10,650  ->  2.97  sq.  in.  From  the  steel  handbooks,  the  area  of 
the  assumed  angles  is  2  X  1.03  «  3.86  sq.  in.  The  assumed  section  is  a  little  too  large,  but  no  other  section  of 
less  weight  per  foot  could  be  found  that  would  bring  a  closer  agreement  between  required  and  provided  areas. 
It  was  therefore  adopted. 

The  top  chord  design  as  given  above  applies  to  members  carrying  compression  only.  If  the  purlins  are  placed, 
between  the  panel  points,  the  top  chord  acts  as  a  beam  as  well  as  a  compression  member.  Design  methods  for  this 
condition  are  given  in  Art.  158. 

Table  2  gives  the  design  data  for  the  other  compression  members.  The  design  methods  used  are  exactly  the 
•ame  as  those  given  above  for  member  a-6.  Sections  of  minimum  sise  were  adopted,  consisting  of  two  2H  X  2 
X  \i,-ux,  angles  with  the  longer  legs  separated  by  a  H-in.  space. 
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165.  Design  of  Joints. — The  general  principles  of  joint  design  are  given  in  the  chapters  on 
Roof  Trusses — General  Design,  and  Splices  and  Connections — Steel  Members.  Well  designed 
joints  are  just  as  important  as  well  designed  members.  To  secure  good  joint  design,  a  few 
fundamental  principles  of  design  must  be  observed.  The  center  lines  of  all  members  entering 
a  joint  must  intersect  at  a  common  point.  If  the  conditions  are  such  that  this  can  not  be  done 
provision  must  be  made  for  the  additional  stresses  due  to  joint  eccentricity.  All  stresses  should 
be  traced  through  the  joint,  and  proper  connections  made  between  all  parts.  Typical  joint 
details  are  given  in  the  chapter  on  Roof  Trusses — General  Design. 

In  trusses  of  the  size  under  consideration  in  this  design,  the  angles  are  usually  connected 
to  the  gusset  plates  by  means  of  rivets  through  one  leg  only,  as  shown  in  Figs.  184  to  190  in- 
clusive. Theoretically,  this  is  not  good  practice,  for  all  of  the  stress  is  transferred  to  the 
gtisset  plate  through  one  angle  leg,  resulting  in  excess  local  stresses.  However,  in  small  trusses 
the  members  generally  contain  more  area  than  required  for  stress  conditions,  which  assists  in 
carrying  the  excess  stresses.  In  larger  trusses  hig  angles  are  riveted  to  the  gusset  plate  and  to 
the  outstanding  legs  of  the  angles,  thereby  transferring  the  stresses  from  both  legs  of  the  angles 
into  the  gusset  plate  and  avoiding  excessive  local  stresses. 

The  number  of  rivets  required  in  the  end  connection  of  any  member  depends  on  the  work- 
ing stresses  for  the  rivets  and  on  the  method  of  making  the  connection  to  the  gusset  plate.  The 
principles  governing  the  design  of  riveted  joints  are  given  in  the  chapter  on  Splices  and  Con- 
nections— Steel  Members. 

As  stated  in  Art.  148,  the  working  stresses  for  shop  rivets  are  10,000  lb.  per  sq.  in.  for  shear 
and  20,000  lb.  persq.  in.  for  bearing.  Corresponding  values  for  field  hvets  are  given  as  7500 
and  15,000  lb.  per  sq.  in.  respectively.  Tables  of  rivet  values  are  given  in  the  chapter  on  Splices 
and  Connections — Steel  Members,  and  also  in  the  steel  handbooks.  From  these  tables  the 
single  shear  values  of  ?i-in.  shop  and  field  rivets  are  4420  and  3310  lb.  respectively.  The  bear- 
ing value  of  a  rivet  depends  on  the  thickness  of  the  gusset  plate.    For  trusses  of  the  size  under 

consideration,  a  ^-in.  plate  is  usually  ample. 
In  any  case  the  adopted  thickness  should  be 
such  that  large  gusset  plates  can  be  avoided. 
For  a  J^-in.  plate,  the  bearing  of  a  ?i-in.  shop 
rivet  is  5625  lb.,  and  the  corresponding  value  for 
a  field  rivet  is  4220  lb.  The  design  of  the  several 
joints  will  now  be  considered  in  detail. 

Joint  h. — Fig.  184  shows  the  details  of  joint  6. 

The  stresses  in  the  members  and  the  panel  load  at 

joint  b  are  shown  in  position.     As  shown  by  the 

force  diagram,  the  stress  in  member  b-f  is  balanced 

by  the  component  of  the  joint  load  perpendicular 

to  the  top  chord,  and  the  difference  between  the 

stresses  in  the  top  chord  members  a-6  and  b-c  is 

balanced  by  the  component  of  the  joint  load 

parallel  to  the  top  chord.     The  complete  design 

of  the  joint  therefore  consists  in  transferring  the  stress  in  member  b-f  to  the  gusset  plate  and 

thence  to  the  top  chord  angles;  and  also  in  equalizing  the  difference  in  stress  between  members 

a-b  and  b~fhy  means  of  a  purlin  connection. 


Member  6-/,  whose  stress  is  3620  lb.,  is  connected  to  the  guisct  plate  by  shop  rivets  in  bearing  on  the  H*in> 
plate.  The  value  of  these  rivets,  as  given  above,  is  5625  lb.  per  rivet,  and  the  number  required  to  connect  b-f  to 
the  gusset  plate  is  3620/5625  »  1  rivet.  Since  a  rigid  connection  can  not  be  made  with  a  single  rivet,  it  is  the 
general  practice  to  use  not  less  than  two  rivets  in  any  connection.  Two  rivets  have  therefore  been  used  in  the 
connection  shown  in  Fig.  184. 

The  load  to  be  transferred  from  the  gusset  plate  to  the  top  chord  angles  is  equal  to  the  stress  in  member  6-/. 
Since  the  conditions  are  the  same  as  for  the  connection  between  b-ftkud  the  gusset  plate,  two  riveta  will  be  uaed,ma 
shown  in  Fig.  184. 

Member  a-b-Ct  the  top  chord,  is  continuous  across  joint  &.  As  shown  by  the  force  diagram,  the  difference  in 
stress  between  members  a-b  and  b-c,  which  is  31,660  —  20,850  -  1,810  lb.,  is  balanced  by  the  component  oi  the 
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j<»iit  lo«d  iMtrallel  to  the  top  chord.  To  equaliie  the  streeaee  in  ch-h  and  h-c^  riyets  capable  of  tranaferring  1810  lb. 
from  the  purlin  to  the  top  chord  must  be  placed  in  position.  These  rivets  wiU  be  placed  in  the  outstanding  leg  of 
the  clip  angle  and  in  the  flange  of  the  channel,  as  shown  in  Fig.  184.  The  value  of  the  connecting  rivets  is  deter- 
mined either  by  their  single  shear  value  as  shop  rivets,  which  is  4420  lb.,  or  by  the  bearing  value  on  the  leg  of  the 
M  s-in.  clip  angle,  which  is  4090  lb.  The  single  shear  value  governs,  and  only  one  rivet  is  required  in  the  purlin 
connection.  In  order  to  make  a  rigid  connection,  it  will  be  necessary  to  use  two  rivets  in  the  clip  angle  and  two  more 
in  the  flange  of  the  channeL  Fig.  184  shows  the  complete  details.  Joint  d  is  similar  to  joint  b;  the  same  details 
will  be  used. 

Joint  c — ^Fig.  185  shows  the  details  of  joint  c.  The  design  of  this  joint  is  carried  out  by 
the  same  methods  as  used  for  joint  b.  In  this  case  the  stresses  in  members  /-c,  g^,  and  hnCy 
are  transferred  to  the  gusset  plate,  and  the  resultant  of  these  stresses,  which  can  be  seen  from 
Fig.  185  to  be  7240  -  2  X  1810  »  3620  lb.,  is  to  be  transferred  to  the  top  chord  angles. 

As  before,  the  rivets  connecting  the  angles  to  the  gusset  plate  are  in  bearing  on  a  ^-in.  plate  and  have  a  value 
of  5025  lb.  per  rivet.  One  rivet  is  required  for  members /-e  and  h-c,  and  two  rivets  are  required  for  g-  c.  Two  rivets 
are  used  in  each  member,' as  shown  in  Fig.  185.  The  stress  of  3620  lb.,  which  is  to  be  transferred  from  the  gusset 
plate  to  the  top  chord,  will  require  only  one  rivet,  as  at  joint  b.  To  secure  a  rigid  connection,  5  rivets  have  been 
used,  spaced  about  4  in.  apart,  as  shown  in  Fig.  185. 

The  load  to  be  transferred  by  the  purlin  connection  to  the  top  chord  angles  is  the  same  as  for  joint  &,  as  shown 
by  the  force  diagram.     Details  similar  to  those  at  joint  b  will  be  used,  as  shown  in  Fig.  185. 


Jovc&  c 


Fio.  185. 


Joint  f 

Fig.  188. 


^iS£n^ 


JoMJ. — The  conditions  at  joint/  are  shown  in  Fig.  186.  As  before,  the  chord  members  are 
continuous  across  the  joint.  The  design  of  the  joint  consists  in  transferring  the  stresses 
in  the  members  c-/  and  6-/  to  the  gusset  plate  and  thence  to  the  chord  angles,  and  in  equalizing 
the  stresses  in  members  a-/  and  S~Q-  Since  double  angles  are  used  for  all  members,  and  the 
gusset  plate  is  ^-in.  thick,  the  rivet  value  is  5625  lb.,  as  before.  A  single  rivet  is  sufficient 
to  transfer  the  stresses  from  members  6-/  and  c-/  to  the  gusset  plate.  Two  rivets  have  been 
used  in  each  member,  in  order  to  make  a  rigid  connection. 

As  shown  by  the  force  diagram  of  Fig.  186,  the  strrasee  in  b-f  and  e-f  have  components  perpendicular  to  the 
chord  member  which  balance  each  other,  and  have  components  parallel  to  the  chord  member  whose  sum  is  equal 
to  the  difference  in  stresses  in  the  chord  members.  The  rivets  connecting  the  gusset  plate  to  the  chord  angles 
must  then  be  capable  of  transferring  a  load  of  28,315  —  24,270  «  4045  lb.  A  single  rivet  is  sufficient,  but  the  gen- 
eral practice  is  to  use  the  detail  shown  in  Fig.  186.  One  rivet  in  placed  at  the  intersection  of  the  center  lines  of 
the  members,  and  other  rivets  are  placed  near  the  edges  of  the  plate,  as  shown  in  Fig.  186.  Joint  h,  is  similar  to 
joint  /.     The  same  details  will  be  used. 

Jdrd  e. — Fig.  187  shows  the  conditions  at  joint  e.  The  purlin  load  at  this  joint  can  be 
considered  either  as  a  single  vertical  load,  as  shown  by  the  full  line  arrow  of  Fig.  187, 
or  as  two  loads,  shown  by  the  dotted  arrows,  whose  resultant  is  equal  to  the  single  load.  The 
design  methods  are  the  same  in  the  two  cases. 

As  noted  early  in  this  article,  a  field  splice  will  be  located  at  joint  e.     One  side  of  the  joint* 
will  be  riveted   up  in  the  shop,  and  the  rivets  or  bolts  in  the  other  side  of  the  joint 
will  be  placed  in  position  when  the  truss  is  assembled  in  the  field.     In  order  that  a  symmetrical 
joint  may  be  made,  the  rivet  values  will  be  determined  as  for  field  rivets,  and  the  same  number 


534  HANDBOOK  OF  BUILDING  CONSTRUCTION  [S^  S-1J55 

will  be  used  for  both  shop  &ad  field  riveto.     The  connectioD  will  then  be  made  with  field  rivets 
in  bearing  on  a  ^-in.  plate,     Tliese  rivets  have  a  value  of  4220  lb.,  as  given  above. 

Tbe  design  of  Ibu  joint  conaials  in  tranifcr 
tbB  provUian  of  a  purlin  connection.  Mombe 
Far  member  h-i.  »ho«  Htn»a  ii  I2,13S  lb.,  12.1 
187.  The  load  brougfat  to  the  joint  by  the  pu 
used  St  the  other  joints.     If  x  einglD  verticKl  pu 

nmlbr  to  th«  ihown  for  joints  b  tnd  c  »n  be 


le  itros  ia  26,230  lb.,  re. 

3  riTetfl  wre  required;  the 
provided  for  by  meins  i 
■  Bululile  beirinc  plate, 
purllu  aT«  used  at  the 

:eral  detaili  of  purlin  com 


ulm  28.230/1320  -  7  rinta. 
(Lre  shown  in  position  in  Pif . 
'  s  cnnnectlon  nrnilsr  to  that 
ir  ehelf  angles  sttsched  to  the 


Joint  g. — Fig.  188  shows  the  dptaits  of  joint  g.  Member  jj-fc  is  field  spliced  at  this  point; 
all  other  members  entering  the  joint  are  shop  riveted.  The  splice  in  the  bottom  chord  member 
can  be  made  in  two  ways.  In  one  case,  the  Btrcases  in  the  members  are  transferred  directly 
to  the  KUBset  plate  by  means  of  rivets  in  the  vertical  legs  of  the  angles.  This  method  is  satis- 
factory where  the  stresses  in.  tbe  members  are  small.  Where  large  BtrcBaes  are  to  be  tnuisferred 
to  the  gusset  plates,  the  joint  is  likely  to  be  quit«  large  if  this  method  is  used.  To  avoid  lai^e 
plates,  the  joint  detail  shown  in  Fig.  188  is  generally  used.  This  joint  consists  of  a  splice  plate 
on  the  horizontal  legs  of  the  angles  in  addition  to  the  riveta  placed  in  the  vertical  legs.  In  this 
way  part  of  the  stresB  is  carried  by  the  splice  plate,  thereby  reducing  the  stresses  to  be  trans- 
ferred by  the  vertical  legs  of  the  angles  to  the  gusset  plate. 

the  gusset  plntc  the  atresses  in  memboCB  t-A  and  p-e.  and  in  the 
ember  In  which  part  of  the  alt™  is  <*rrled  around  the  joint  by 
Lferred  directly  to  the  gurnet  plate.  As  ahown  in  Tig.  ISS.  tbs 
ring  on  a  H-'m.  piste.  Theac  rivets  have  a  vslue  of  M26  lb.  per 
B,  and  ^  requires  8000/3626  -  2  rivets;  they  are  ahown  in 
rf  Btresa  to  be  traDafcrrod  acroa  the  joint  by  tl.e  splice  plate  on 
Ttain  aaaumptions  muat  be  made  regarding  the  distribution  ot 
n  is  that  the  atreHS  in  member  ff-k  is  uniformly  distributed  ovea 

e  l^Driinntal  legs  of  the  angles  ia  transfoired  to  the  Bplic«  platet 

c-ga  of  member  g-k.  The  balsnce  of  the  stress  in  member /-«  ia 
nigh  the  vcrtiral  lege  of  the  sngles  of  member /-«,  Sinee  the 
ollows  that  there  will  uauslly  be  an  uneven  dialribntion  of  strew 
member  ia  made  up  of  unequal  legged  snf^les  in  whieh  the  dia- 
rsent  csflc  egusi  legged  snglvs  are  uaed.  and  uneqiul  atrcaa  dis- 
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to  the  apIiM  plate  by  Sold  rivsta  which  are  eithet  in  tingle  ibeu  or  in  bcarini;  on  the  ^-ia.  material  Bompoaine  the 
ancles  and  the  iplioe  plate.  From  the  tabJ»  at  rivet  values,  the  field  ibeariDg  value  of  a  rivet  is  3310  lb.,  and  the 
field  bawins  value  for  a  M->n.  plate  is  2810  lb.  The  latter  value  loveruB  and  the  number  required  is  S0S0/38I0  - 
3  rivela.     Ai  iIiotd  ia  Pi«.  18S,  four  are  uaed,  two  ia  each  anile. 

The  atreas  in  member  }-g  is  24,270  lb.,  of  which  8090  lb.  is  taken  up  by  the  splice  plate,  as  assumed  abovs. 
There  is  then  left  24,270  -  8000  -  10,130  lb.  to  be  transferred  from  the  vertical  lees  of  the  auleg  l«  the  (uaet 
plate.  The  Donnecting  rivets  are  shop  rivgls  in  bearing  on  a  ^-in.  plate,  and  have  a  value  of  6426  lb.  per  rivet. 
The  number  required  is  1S,1S0/5S29  -  3.  which  ue  shown  in  position  in  Sit.  ISS. 

The  sptjee  plate  on  the  hoiiionlal  lent  of  the  chord  anclea  must  have  sufficient  net  area  to  provide  for  the 
(trcM  to  b«  carried  across  the  joint.  This  siresi  is  SOOO  lb.,  and  the  required  net  area  ia  SOeo/ie,000  ••  O.GOSsq. 
in.  Asaumina  a  plate  K-in.  thick  and  6H  in.  wide,  which  is  slightly  in  sic«s  of  the  spread  of  the  lower  chord 
anglea,  the  net  aiea,  dedoctinc  two  rivet  hole*,  it  (6.6  -  2  X  H)  H  -  3.76  Bq.  in.  The  assumed  plate  providea 
a  lares  eioen  area,  but  it  is  the  smalleat  plate  that  c*d  be  used  under  tiie  eondilions  for  the  desifn  stated  in  Art 

Joint  a. — Tvo  deeigsa  will  be  given  for  joint  a,  the  heel  of  the  truss.  Fig.  189  shoirB  a 
design  in  which  the  Btresses  in  the  chord  members  and  the  shoe  Eire  brought  directly  to  the  gusset 
plate.  In  the  design  bhown  in  Fig.  190, 
the  bottom  chord  member  is  prolonged 
and  acta  as  a  support  for  the  shoe.  The 
rivets  must  then  can?  the  Tertical  end 
reliction  and  the  horizontal  tension  in 
the  chord  member.  These  designs  will 
be  carried  out  in  detail. 

In  the  dedcn  shown  in  Fi«.  ISO,  allnwniben 
an  eoBoeeted  to  the  (uaaet  plate  by  shop  rivet« 
in  bearini  on  a  M-in.  plate.  The  rivet  value  is 
than  5626  lb.     Member  b-a  rsquirea  31,660/6626 

—  6  rivets,  and  member  o-/reqiiiral  28,316/5826 

-  Srivets:  these  are  shown  in  plsoe  in  Fia.  ISO.  {  [f|*{  [  Sk/Mho/es 
The  vertical  end  reaction  is  carried  to  the  guj 
plate  by  means  of  a  pair  of  short  angles  wh 
ata  eoonected  to  the  plate  by  shop  rivets   in  "-■ — f    '  j 
bearing.      A*  the    (uaaet   plate  doe*  not  bear  L     /^  J 
directly  on  the  sols  plate,  the  rivets  must  carry                 >  ^ 
the  eotir*  reaction  to  the  gusset  plate.     From  Pro.  1S9. 
Art.    163.  the  panel  load  tor  the  loading  giving 

muimum  stieaes  in  the  members  is  4045  lb.,  and  the  end  reaction  is  4  X  4046  -  16,180  lb.  The  number  of 
rivets  requirod  to  connect  the  shoe  angles  to  the  gusset  plate  is  16,180/5626  -  3.  Fig.  157  shows  four  rivets  in 
plaee.     The  number  was  Incressed  to  four  in  order  te  bind  the  shoe  angles  more  firmly  to  the  gusset  plate,  as  the 

The  bearing  area  on  the  masoniy  waUs  is  detsnnined  from  the  allowable  beating  pnasure.  which  is  given  in 
Art.  146  a*  200  lb.  per  sq.  in.  For  the  end  reaction  given  above,  the  required  area  la  10,130/200  -  g0.9sq,in. 
SinoetheibDeangleaarel2in.  long.  therequiredwidthDfbearingisS0.fi/12  -  6.74  in.  Two  3M  X  3H  X  H-in. 
anglea  will  be  used,  which  will  lurnish  a  width  of  7  in.  It  is  the  geneml  practice  in  roof  truss  constTuction  to  rivet 
a  sole  Plata  to  the  underside  of  the  shoe  angles,  snd  also  to  place  s  masonty  piste  on  the  wall.  Th»e  plates  are 
nsde  wider  than  the  shoe  angle*,  in  order  to  provide  holes  for  the  anchor  bolta  which  are  located  outside  the 
anglea,  as  abown  in  Pig.  ISS.  A  plate  about  12  in,  wide  will  allow  sufficient  room  in  the  case  under  consideraUon. 
The  thickness  of  the  Bole  and  masonry  pUtee  must  be  such  that  they  will  not  be  overstressed  due  to  tbe  upward 
preasure  on  the  portion  of  the  plates  which  uvci-hang  the  shoe  angles.  If  this  Dverfasnging  portion  be  considered 
M  a  cantilever  beam  acted  on  by  a  uniform  load  equal  to  tbe  reaction  divided  by  the  total  arcs  of  the  boIb  piste. 
the  required  thickness  is  readily  determined.  In  this  case,  the  upward  pressure  is  carried  by  s  12  X  ]2.in.  piste, 
and  the  unit  pressurs  is  16.180/144  -  112.2  lb.  per  eq.  in.  As  shown  in  Fig.  ISfi.  the  overhang  is  2Hs  in.  The 
bending  moment  at  the  edge  of  the  angle  is  thenH(2Mt  X  112.2)  2Ht  -  300  in.-lb.  per  Inch  of  plate.     As  there 

required  thiokncas  for  each  platecan  be  determined  from  tbe  formula  d  -  (flAf/5/)H,  where  d  -  thickncH  of  plate; 
M  ~  bending  moment  per  plate,  which  is  150  In  .lb.;  b  —  width  of  plate  under  consideration,  which  is  one  inch; 
and/  -  allowable  working' streee,  which  is  16,000  lb.  persq.in.     Then 

d  -  (6  X  I50/16.000)H   -  0.237  in. 
£aah  plate  will  be  made  }4  in.  thick,  as  this  Ib  the  thickness  of  piste  generally  ub«1  in  practice. 

The  dnign  ot  the  joint  shown  in  Fig.  IfiO  (a)  difiere  from  the  one  given  for  tbe  arrangement  showD  in  Fig.  189 
only  in  the  design  of  the  bottom  chord  attachmeDt.  As  abonu  in  Fis.  ISO  (a),  the  atrets  in  the  bottom  chord 
member  and  the  end  reaction  are  brought  to  the  gusset  plate  by  the  same  group  of  rivets.  Since  the  reaction  and 
the  chord  strc^  do  not  have  the  same  line  ot  action,  the  rivets  must  be  deeigned  to  carry  the  resultant  of  these 
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forces.  Thia  rMultant  Ib  (16,180*  +  28,315s)H  -  32.6001b.  The  rivets  are  in  bearinc  on  a  H-vi.  plate,  and  their 
value  is  5625  lb.  per  rivet;  the  number  required  is  32,600/5625  —  6  rivets.  Fig.  190  (a)  shows  the  required  number 
in  place.  It  is  desirable  that  these  rivets  be  placed  symmetrically  with  respect  to  the  intersection  of  the  center  lines 
of  the  members.  This  is  not  always  possible,  due  to  insufficient  room  at  the  end  of  the  chord  member.  The  con- 
nection is  therefore  eccentric,  and  the  rivets  are  subjected  to  additional  stresses  due  to  the  induced  momenta. 
In  general,  the  eccentricity,  if  unavoidable,  should  be  kept  as  small  as  possible. 

The  stresses  due  to  eccentricity  are  usually  not  calculated  in  practice.  If  desired,  they  can  be  calculated  by 
the  methods  given  on  page  280.  These  methods  will  now  be  applied  to  the  arrangement  shown  in  Fig.  100  (a). 
The  rivets  are  subjected  to  a  horisontal  load  due  to  the  stress  in  the  bottom  chord  member,  which  is  considered  to  be 
eqxially  divided  among  the  rivets,  and  to  a  vertical  load  which  can  be  divided  into  parts.    One  part  is  due  to  the 

vertical  reaction,  assumed  to  be  imiformly  distributed  over  the  rivets,  and 

-a  second  part  due  to  the  eccentric  moment.     Fig.  (b)  shows  tiie  assumed 

this  latter  part  of  the  stress.      It  can  be  shown  that  the  streaa 

rivets   a  and  /,  due  to  the  eccentric  moment,  is  given  by  the 

formula,  r  —  Me/Zx*,  where  r  —  stress  on  rivet,  M  —  moment  due  to  eccen- 

'^4'Plafe  tricity.  c  ■•  distance  from  center  of  gravity  of  rivet  group  to  end  rivet,  and  s. 

'>^'»^_*tVtJ'  "  distance  from  center  of  gravity  of  rivet  group  to  any  rivet.     From  Fig 

k*       "^x^ SBJCJtJL  100,  it  can  be  seen  that  the  eccentricity  of  the  connection  is  one-half  of  a 

ji^aaaa— ^.         #t«i._ *_;_ a.  i_  xi i#  to  toe\  v^   <iy  


rivet  space,  or  \yi  in.     The  eccentric  moment  is  then,  M  —  16,180  X  IH  * 
18,200  in.-lb.     If  the  rivet  spacing  be  taken  as  the  unit  distance,  c  *  2.5,  and 


^^^-a  second  part  due 

.  jJk    ^^^^  distribution  of  thii 

.3P^^>r^  on  the  end   riveti 


Jolirh  a 


rx«  -  2(0.6«  +  1.5«  +  2.5«)  -  17.5 


FiQ.  190. 


With  these  values  we  have,  r  -  18,200  X  2.5/17.5  -  2600  lb.  This  load 
acts  upward  on  rivet  o  and  downward  on  rivet/,  as  shown  in  Fig.  (&).  The 
vertical  load  on  rivet  a  due  to  the  reaction  is  also  an  upward  load,  and  its 
amount  is  16,180/6  -  2700  lb.,  giving  a  total  vertical  load  of  2700  + 
2600  —  5300  lb.  on  rivet  a.  All  other  rivets  have  smaUer  loads,  that  on 
rivet  /being  the  difference  of  the  above  values,  or  100  lb.  These  values  are 
to  be  combined  with  the  loads  brought  to  the  rivets  by  the  stress  in  the 
chord  member,  which  is  28,315/  6  —  4720  lb.  per  rivet.  The  resultant 
stress  on  rivet  o  is  (5300«  +  4720«)H  -  7070  lb.,  and  that  on  rivet  /  la 
(4720>  +  100>)  M  *  47301b.  Values  for  other  rivets  vary  between  theae 
two  extreme  values. 

Since  the  allowable  stress  on  a  rivet  for  a  H-in.  gusset  plate  is  5625  lb., 
the  end  rivet  is  overstressed.     This  can  be  relieved,  either  by  reducing  the 
eccentricity,  which  is  not  possible  in  this  case,  or  by  increasing  the  thickness 
of  the  gusset  plate.     From  the  tables  of  rivet  values,  it  will  be  found  that  if  the  thickness  of  the  gusset  plate  be  in- 
creased to  H  iQ->  the  bearing  value  of  the  rivet  will  be  7500  lb.    The  rivets  are  then  not  overstressed,  and  the 
design  is  satisfactory.     Other  features  of  the  design  are  the  same  as  for  Fig.  189. 

The  purlin  connection  for  the  design  of  Fig.  189  is  the  same  as  that  for  joints  h  and  c.  In  the  design  of  Fig.  100. 
the  top  chord  angles  do  not  provide  proper  support  for  the  purlin.  If  a  purlin  is  used  at  this  point,  a  convenient 
method  of  support  is  provided  by  enlarging  the  gusset  plate  so  that  it  will  carry  a  standard  channel  connection, 
as  shown  in  Fig.  (a). 

159.  Minor  Details. — In  Art.  154|  the  compression  members  were  designed  on  the  assump- 
tion that  the  two  angles  forming  the  member  act  as  a  single  piece.  In  order  that  this  condition 
may  be  realized  the  angles  m ust  be  riveted  together  at  short  intervals.  The  distance  between  the 
connecting  rivets,  which  are  kno^n  as  stitch  rivets,  can  be  determined  from  the  condition  that 
for  equal  rigidity  in  all  directions,  the  ratio  of  unsupported  length  to  radius  of  gyration  for  a 
single  angle  must  not  exceed  that  for  the  composite  member,  as  given  in  Table  2  of  Art.  164. 
Thus,  if  L  and  R  be  respectively  the  unsupported  length  and  the  radius  of  gyration  for  the  com- 
posite section,  and  I  and  r  be  the  corresponding  values  for  a  single  angle,  we  have 

I  =  LtIR 

The  value  of  LjR  for  member  a-6  is  given  in  Table  2  of  Art  154  as  76.6.  From  the  steel 
handbooks  the  value  of  the  least  r  for  a  33^  X  3  X  /ie-in-  angle  is  0.66  in.  Substituting  these 
values  in  the  above  equation,  we  have,  /  =  76.5  X  0.66  =  60.6  in.  Again,  for  member  6-/, 
LjR  =  53.9,  r  =  0.42,  and  therefore  I  =  53.9  X  0.42  =  22.6  in.  By  the  same  method  it  will 
be  found  for  member  c-g  that  /  =  107.8  X  0.42  »  45.3  in.  In  practice,  these  connecting  rivets 
are  spaced  from  2  to  about  2\i  ft.  apart  in  compresbion  members,  and,  although  not  required 
for  tension  members,  they  are  generally  provided,  and  are  spaced  from  3  to  3J^  ft.  apart. 
The  space  between  the  angles  is  maintained  by  means  of  ring  fills,  or  washers,  through  which 
the  rivets  pass. 
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The  ends  of  the  truss  are  fastened  to  the  masonry  walls  by  means  of  anchor  bolts.  For  trusses  of  the  sise  under 
consideration  in  this  desicn,  anchor  bolts  ^  in.  in  diameter  and  about  2  ft.  lone  are  used.  Two  bolts  are  placed  at 
each  end  of  the  truss,  as  shown  in  Fig.  180. 

To  provide  for  the  expansion  of  the  truss  due  to  temperature  changes,  it  is  the  general  practice  to  assume  that 
the  maximum  range  of  temperature  is  150  deg.  With  a  coefficient  of  expansion  for  steel  of  0.0000065,  the  change 
in  length  of  a  50-ft.  truss  is  50  X  150  X  O.O00O0C5  X  12  -  0.585  in.,  or  nearly  H  in..  To  allow  for  this  move- 
ment, the  anchor  bolts  at  one  end  of  the  truss  are  usually  set  in  slotted  holes.  Allowing  Hs'in*  clearance  all  around 
the  anchor  bolt,  the  required  length  of  slot  is2XHe  +  ^+^  ~  IH  in.  In  practice,  a  ^Me  X  2-in.  slotted 
hole  would  probably  be  provided. 

The  purlin  connection  for  joint  c,  and  for  the  other  top  chord  joints,  has  been  designed  in  Art.  155,  and  \b 
shown  in  Fig.  184.  As  shown  in  Fig.  184,  the  clip  angle  consists  of  a  short  piece  of  5  X  3H  X  ^s-in.  angle  shop 
riveted  to  the  top  chord  angles.  The  vertical  leg  of  the  cHp  angle  should  be  long  enough  to  extend  well  up  on  the 
flange  of  the  channel,  thus  providing  a  means  of  support  which  will  prevent  overturning. 

A  sag  tie  is  sometimee  provided  where  the  length  of  t^e  bottom  chord  member  g-k  is  such  that  excessive  de- 
flection is  likely  to  occur  due  to  the  weight  of  the  member.  Sag  ties  are  generally  made  of  a  single  angle  of  the 
smallest  sise  allowable  under  the  specifications.  Where  the  pitch  of  the  truss  is  >^,  or  less,  the  use  of  a  sag  tie  is 
advisable. 

167.  Estimated  Weight. — The  truss  members  were  designed  for  dead  load  stresses  de- 
termined from  an  assumed  weight  of  truss  which  was  calculated  from  an  empirical  formula. 
It  is  generally  taken  for  granted  that  the  assumed  weight  is  correct,  and  no  attempt  is  made  to 
calculate  the  weight  of  the  truss  as  designed.  This  procedure  is  allowable,  for,  as  pointed  out 
in  Art.  134,  the  dead  weight  of  trusses  of  the  size  considered  in  this  design  is  a  comparatively 
small  part  of  the  total  load  to  be  carried  by  the  truss.  A  considerable  error  can  then  be  made 
in  estimating  the  dead  load  without  causing  any  appreciable  error  in  the  maximum  stresses. 

In  order  to  check  the  correctness  of  the  dead  weight  formula  used  in  Art.  150,  an  estimate  has  been  made  of  the 
truss  as  designed  in  the  preceding  articles.  Layout  drawings  were  made  of  the  several  joints  and  the  sixes  of  plates 
and  lengths  of  members  determined  from  these  sketches.  Weights  of  members  and  plates  were  taken  as  given  in 
the  steel  handbooks.  The  several  items,  as  estimated,  were:  main  members,  1700  lb.;  gusset  plates,  170  lb.;  clip 
angles,  rivet  heads,  and  ring  fiUs,  120  lb.;  a  total  of  1990  lb.  for  one  truss.  As  the  horisontal  covered  area  for  one 
truss  is  15  X  50  -  750  sq.  ft.,  the  true  weight  of  the  truss  is  1990/750  -■  2.65  lb.  per  sq.  ft.  of  horisontal  covered 
area.  In  Art.  150  the  weight  of  the  truss,  as  estimated  by  the  formula,  is  given  as  2.7  lb.  per  sq.  ft.  The  assumed 
and  calculated  weights  agree  so  closely  that  no  revision  of  stresses  is  necessary. 

168.  Design  of  Top  Chord  for  Bending  and  Direct  Stress. — In  certain  cases  the  limiting 
span  of  the  roof  covering  is  such  that  purlins  must  be  placed  between  the  panel  points  of  the  top 
chord.  The  top  chord  member  is  then  subjected  to  bending  as  well  as  direct  stress,  and  must 
be  designed  as  a  combination  beam  and  column.  To  illustrate  the  design  methods  for  such 
cases,  the  design  of  the  preceding  articles  will  be  modified  by  placing  a  purlin  at  the  center 
point  of  each  top  chord  panel  in  addition  to  those  placed  at  the  panel  points.  Working  con- 
ditions, loadings,  and  allowable  stresses  will  be  taken  as  assumed  in  Art.  148. 

Proceeding  as  in  Art.  152,  using  the  same  type  of  roof  covering,  but  with  purlins  spaced  3.6 
ft.  apart,  it  will  be  foimd  that  the  required  purlin  section  is  a  6-in.  8-lb.  channel,  which  is  the 
minimum  section  allowed  under  the  conditions  of  Art.  148.  This  change  in  the  purlin  arrange- 
ment will  cause  a  slight  increase  in  the  dead  load  stresses.  However,  for  the  purposes  of  this 
design,  it  will  be  assumed  that  the  stresses  in  the  members  are  unchanged,  and  that  the  values 
given  in  Table  1  of  Art.  153  can  be  used  in  the  subsequent  calculations. 

The  chord  section  is  to  be  designed  for  the  same  combinations  of  loading  as  used  in  Art. 
151  for  the  design  of  the  sheathing.  Moments  and  simultaneous  stresses  are  to  be  calculated 
for  these  combinations  of  loading,  and  a  section  chosen  which  will  provide  the  area  required 
by  the  maximum  of  these  conditions  of  loading.  In  calculating  the  moments  due  to  the  applied 
loading,  the  chord  sections  may  be  considered  as  beams  fixed  at  the  ends,  and  the  length  may 
be  taken  as  one  panel.  Based  on  these  assumptions.  Fig.  191  gives  bending  moment  diagrams 
and  moment  coefficients  for  several  loading  conditions.  These  values  were  determined  by  the 
methods  given  in  the  chapter  on  Restrained  and  Continuous  Beams  in  Sect.  1. 

Fig.  192  shows  the  loading  conditions  for  the  several  combinations  of  loading  given  in  Art. 
183.  These  loads  can  be  resolved  into  components  parallel  and  perpendicular  to  the  chord 
members.  It  can  readily  be  seen  that  the  component  perpendicular  to  the  chord  member  will 
cause  bending  moments  whose  amounts  can  be  determined  by  means  of  the  coefficients  given 
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in  Fig.  191,  and  that  the  components  par&Ilel  to  top  chord  tend  to  add  to  the  compression  in  the 
member.     The  values  given  in  fig.  192  are  in  lb.  per  sq.  ft.  of  roof  surface. 

Fig.  192  (a)  ahowB  the  conditions  for  combined  dead,  auow,  and  wind  load  expressed  as  & 
uniform  vertical  load.  Since  the  purlins  are  to  be  spaced  3.5  ft.  apart,  the  roof  area  per  purlin  is 
3.5  X  15  '^  52.5  sq.  ft.  The  norma!  load  is  then  52.5  X  26  =  1365  lb.,  and  the  component 
parallel  to  the  chord  member  is  52.5  X  13  =  682  lb.  To  these  loads  must  be  added  the  cor- 
responding components  due  to  the  neight  of  the  purlin.  As  stated  above,  the  adopted  purliit 
is  a  6-in.  8-lb.  section.  The  end  reaction  at  each  truss,  due  to  the  we^ht  of  a  purlin  is  8  X  15 
=  120  lb.;  the  nonnal  component  of  the  purlin  load  is  120  X  cos  26°  34'  -  107  lb.,  and  the 
component  parallel  to  the  top  chord  is  120  X  sin  26°  34'  =  54  lb.     This  gives  a  total  normal 


toad  of  1365  +  107  ^  1472  lb.,  and  a  component  parallel  to  the  top  chotd  of  6S2  +  54  = 
736  lb.  From  col.  9  of  Table  1,  Art.  153,  the  stress  in  member  a-b  for  combined  vertical  load- 
ing is  31,660  lb.  Adding  to  this  stress  the  component  of  load  parallel  to  the  chord  member, 
the  total  stress  in  member  a-b  is  31,660  +  736  =  32,396  lb.  From  Fig.  191  the  momenta 
at  the  ends  and  at  the  center  of  a  beam  fixed  at  the  ends  and  loaded  with  a  single  load  placed 
at  the  beam  center  are  equal  to  Wl/R,  positive  moment  at  the  beam  center,  and  negative 
moment  at  the  ends.  With  W  =  1472  Il>.,  oa  calculated  above,  and  I  =  7  ft^  the  top  chord 
panel  length,  the  momenta  are,  M  -  1472  X  7  X  12/8  =  15,480  in.  -lb. 

I'ig.  192  (b)  shows  the  components  for  dead  load,  one-half  snon  load,  and  maximum  wind 
load,  and  Fig,  (c)  shows  corresponding  values  for  dead  toad,  maximum  snow  load,  and  one- 
ttiird  wind  load.  These  combinations  correspond  to  case*  ffc)  and  (c)  of  Art.  151.  By  theaame 
methods  aS  used  above,  the  moments  and  the  simultaneous  compreaaion  tor  the  three  con- 
ditions of  loading  shown  in  Fig.  192  are: 
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The  required  chord  section  can  be  determined  by  the  methods  given  in  the  chapter  on 
Bending  and  Direct  Stress  in  Sect.  1.  The  method  there  given  is  applied  to  the  cause  under 
consideration  by  afwnming  a  chord  section  and  calculating  the  maximum  fiber  stresses  due  to 
the  combinations  of  loadings  given  above.  If  the  calculated  fiber  stresses  agree  closely  with 
the  allowable  working  values,  the  assumed  section  is  accepted.  If  the  calculated  values  are  too 
small  or  too  large,  another  trial  must  be  made,  imtil  finally  an  agreement  is  reached  between 
actual  and  allowable  fiber  stresses. 

A  method  which  leads  more  directly  to  the  desired  section  is  obtained  from  the  following 
analysis.  Consider  first  the  case  of  a  column  acted  upon  by  an  axial  load  P.  The  maximum 
stress  on  the  extreme  fibers  of  the  section  is  given  by  the  expression,  /  =  P/A  +  Pec/ If  where 
P  ^  axial  load;  A  «  area  of  section;  e  ^  eccentricity  of  load  appfication  due  to  imperfect 
centering  of  the  load  and  to  imperfections  in  column  construction;  c  =  distance  from  column 
center  to  extreme  fiber;  and,  /  »  moment  of  inertia  of  the  column  section.  If  ^r' be  substituted 
for  /,  where  r  is  the  radius  of  gyration  of  the  section,  the  above  equation  can  be  written  in  the 
form,  /  =  <P/A(1  +  cc/r*).     Solving  for  the  required  area,  we  have, 

A^Pd+ecM/f  (1) 

Ah  stated  by  eq.  (1),  the  area  of  the  column  section  for  a  given  load  P  is  found  by  increasing 
the  load  by  a  certain  percentage,  and  dividing  this  increased  load  by  the  maximum  allowable 
fiber  stress.  The  general  practice  in  column  design  is  to  use  the  column  load  without  increase, 
and  to  allow  for  the  term  ec/r*  of  eq.  (1)  by  reducing  the  allowable  working  stress.  This  re- 
duction in  working  stress  is  made  by  means  of  a  selected  column  formula.  Eq.  (1)  is  then 
changed  to  read 

A  =  P/fe  (2) 

where  /« is  the  working  stress  as  given  by  the  column  formula. 

Consider  now  the  case  of  a  column  subjected  to  a  moment  M  in  addition  to  the  axial  load 
P      The  total  stress  on  the  extreme  fibers  of  the  section  will  be 

/  =  P/A  +  Pe/I  +  Mc/I  «  P/A(l  +  ec/r*)  +  Mc/Ar^ 

Solving  for  A,  the  required  area,  we  have 

A  =  P(l  +  ec/r*)f  +  Mc/fr* 

It  will  be  noted  that  the  first  term  of  this  expression  is  the  same  as  eq.  (1).  Replacing  this  term 
by  one  of  the  form  of  eq.  (2),  we  have 

A  =  P/fc  +  Mc/fr*  (3) 

lliat  is  the  area  required  for  a  coliunn  subjected  to  bending  and  direct  stress  is  equal  to  the 
area  required  as  a  beam  plus  the  area  required  as  a  column ;  the  fiber  stress  for  bending  is 
the  maximum  allowable,  in  this  case  16,000  lb.  per  sq.  in.,  and  the  fiber  stress  for  column  action  is 
that  given  by  the  colimin  formula,  which  in  this  case  in  16,000  —  70  l/r.  The  value  of  r  is  to  be 
taken  for  the  entire  section. 

In  applying  eq.  (3)  to  the  determination  of  the  section  required  for  the  several  combinations 
of  moment  and  direct  stress  given  above,  it  will  probably  be  found  best  to  make  a  rough  Calcu- 
lation of  area,  using  moments  and  loads  which  are  the  average  of  the  given  values.  Next 
assume  that  an  angle  with  a  certain  width  of  leg  is  to  be  used.  Approximate  values  of  c  and  r 
can  be  used  in  this  calculation.  From  the  handbooks  it  will  be  found  that  for  unequal  angles 
with  the  longer  legs  placed  back  to  back,  the  values  of  c  and  r  are  practically  equal  for  an  axis 
parallel  to  the  shorter  legs,  and  that  they  are  approximately  equal  to  }4  of  the  length  of  the 
longer  legs.  On  comparing  the  area  determined  by  the  substitution  of  these  approximate 
quantities  in  eq.  (3)  with  the  areas  given  in  the  handbooks  for  angles  of  the  assumed  width, 
it  is  possible  to  tell  whether  a  wider  or  narrower  angle  should  be  used. 

For  the  case  \mder  consideration,  a  rough  average  of  the  moments  and  direct  loads  is 
M  =  18,000  in.-lb.,  and  P  =  30,000  lb.  Assume  that  a  4-in.  angle  is  to  be  used.  The  approxi- 
mate values  of  c  and  r  will  be  )^  X  4  =  1.33  in.  In  applying  eq.  (3),  substitutions  must  be  made 
for  points  at  the  center  and  at  the  end  of  the  member.  This  is  due  to  the  fact  that  column 
action  is  present  at  the  center  of  the  member,  while  at  the  ends  of  the  member  simple  compres- 
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sion  exists.  Again,  at  the  center  of  the  member  the  moment  is  positive  and  at  the 
ends  the  moment  is  negative.  The  compression  fiber  is  then  at  the  top  of  the  member  at  its 
center  point,  and  c  =  }i  width  of  member;  at  the  end  points  the  compression  fiber  is  on  the 
side  of  the  member,  and  e  =  H  width  of  member.  The  greater  of  the  areas  thus  obtained  de- 
termines the  area  requ  red  for  the  member. 

The  length  of  the  m  mber  under  consideration  is  given  in  Table  2  of  Art.  154  as  84  in. 
Then  with  r  =  1  33,  we  have/,  =  16,000  -  70  l/r  =  16,000  -  70  X  84/1.33  -  11,670  lb.  per 
sq.  in.    The  calculated  areas  are  as  follows: 

At  center  of  member, 

18.000  X  1.33 


At  end  of  member, 

A,  - 


30.000    

11.670  "^  16.000  X  (1.33)« 


30.000 


+ 


18.000  X  2.66 


-  2.57  +  0.85  -  3.42  sq.  in. 


-  1.87  +  1.70  -  3.57  sq.  in. 


16,000  '  16,000  X  (1.33)« 

From  the  steel  handbooks,  it  will  be  found  that  the  area  of  the  smallest  4-in.  angle  is  4.18  sq- 
in.  Sim  lar  trials  made  for  3  and  5-in.  angles  showed  that  the  former  was  probably  too 
small,  and  the  latter  too  large.  More  exact  calculations  will  therefore  be  made  for  the  4-in. 
angles. 


Leimvt tracing  wntmHotm 
notahorm 

Fia.  103. — General  drawing  of  50-ft.  steel  roof  truss. 


The  chord  section  will  be  assumed  as  made  up  of  two  4  X  3  X  Hs  in*  angles  with  the  4-in.  legs  separated  by  a 
H-in-  space.  Since  the  chord  member  is  supported  laterally  at  its  center  point  by  the  purlins,  the  greatest  im- 
supported  length  is  in  a  vertical  plane.  From  the  steel  handbooks,  r  »  1.27  in.,  and  c  »  1.26  in.  at  the  center  of  the 
member  and  c  —  4.0  —  1.27  =  2.64  in.  at  the  end  of  the  member.  From  the  column  formula,  /•  —  16.000  — 70  X 
84/1.27  «  11,370  lb.  per  sq.  in.  Proceeding  as  above,  it  will  be  foimd  that  the  values  given  for  the  oonditions  fA 
Fig.  (c)  require  the  greatest  area.     These  calculations  follow. 

Area  required  for  condition  of  loading  shown  in  Fig.  103  (c): 

At  center  of  member 

30.654    .    18.120  X  1.26 


At  end  of  member 


Ac  - 


A. 


11,370  "^  16.000  X  1.27* 
30.654    .    18.120  X  2.74 


16.000    •    16,000  X  1.27« 


3.50  sq.  in. 


■-  3.85  sq.  in. 


For  the  conditions  of  loading  shown  in  Figs,  (a)  and  (b),  the  results  obtained  were  as  follows:  (a)  A«  ■-  3.60  sq.  in., 
A«  -•  3.66  sq.  in.;  and    (6)  At  -  3.28  sq.  in.,  A«  «  3.66  sq.  in.     Since  the  calculated  areas  are  all  less  than  that 
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fumiohed  by  the  aasumed  angles,  whose  area  is  4.18  sq.  in.,  and  since  the  agreement  between  required  and  provided 
areas  was  as  close  as  could  be  obtained,  using  standard  angles,  the  assumed  section  will  be  adopted. 

The  design  of  the  top  chord  section,  as  given  above,  is  based  on  the  assumption  that  the  chord  members  act  as 
beams  fixed  at  the  ends.  At  panels  points  where  the  member  is  continuous  across  the  joint,  as  at  b,  c,  etc.,  this 
assumption  is  probably  realized.  At  joint  a  the  chord  member  is  riveted  to  the  gusset  plate.  In  order  to  fix  this 
point,  an  external  moment  must  be  applied  which  will  be  equal  to  the  moment  brought  to  the  joint  due  to  the  end 
moment  in  the  fixed  beam.  The  lower  chord  member  and  the  bearing  of  the  shoe  on  the  masonry  will  offer  some 
resistance  to  the  moment,  but  as  the  lower  chord  member  is  not  as  rigid  as  the  top  chord,  it  can  not  be  depended  up- 
on to  provide  fixed  end  conditions  at  the  joint. 

An  external  moment  of  the  desired  amount  can  be  produced  at  joint  a  by  making  the  center  line  of  the  reaction 
eccentric  with  respect  to  the  intersection  of  the  center  lines  of  the  members.  Thus,  for  the  conditions  governing  the 
chord  design,  the  end  moment  is  18,120  in.-lb.,  and  the  end  reaction  is  16,180  lb.  The  required  eccentricity  is  then 
18,120/16.180  «  1.12  in.  Since  the  end  moment  is  negative,  it  tends  to  cause  a  clockwise  rotation  of  the  joint. 
If  the  reaction  line  be  moved  1.2  in.  to  the  right  of  the  position  shown  in  Fig.  189,  the  desired  eccentric  moment  will 
be  produced.    A  similar  result  can  be  obtained  for  the  design  shown  in  Fig.  100. 

169.  Design  of  Bracing. — A  general  discussion  of  the  bracing  of  roof  trusses  is  given  in 
Art.  129.  Bracing  for  roof  trusses  of  the  type  considered  in  this  chapter  is  generally  placed  only 
in  the  plane  of  the  lower  chord  of  the  truss.  It  is  usually  assumed  that  the  sheathing  and  pur- 
lins, when  placed  in  position,  will  provide  sufficient  bracing  for  the  plane  of  the  top  chords.  In 
some  cases  a  ridge  strut  running  the  full  length  of  the  building  is  placed  at  the  apex  of  the  truss. 
This  ridge  strut  serves  also  as  erection  bracing  before  the  purlins  are  placed  in  position.  Where 
the  roof  covering  is  corrugated  steel,  braoing  is  generally  placed  in  the  plane  of  the  top  chord, 
as  the  corrugated  steel  is  not  rigid  enough  to  provide  the  necessary  lateral  support. 

Bracing  of  the  type  mentioned  above  is  not  subjected  to  any  definite  loads;  a  rigid  analysis 
of  stresses  can  not  be  made.  The  designer  must  rely  upon  his  judgment  and  experience  in  de- 
termining the  type  and  position  of  the  bracing,  and  the  size  of  the  members  to  be  used  in  any 
structure. 

Fig.  180  shows  the  arrangement  of  bracing  which  will  be  adopted  for  the  truss  under  con- 
sideration. Pairs  of  trusses  near  the  ends  of  the  building  will  be  provided  with  diagonal  bracing 
placed  in  the  plane  of  the  bottom  chord.  The  other  trusses  will  be  connected  to  the  braced 
trusses  by  means  of  a  continuous  line  of  struts  placed  in  the  plane  of  the  bottom  chord.  These 
struts  are  located  at  joints  g  and  k.  In  addition  to  this  bracing  a  ridge  strut,  located  at 
joint  e,  will  be  run  the  full  length  of  the  building. 

The  diagonal  members  of  the  bracing  in  the  plane  of  the  lower  chord  will  be  made  of  single  angles  of  minimum 
sise.  As  the  angles  are  to  be  connected  by  one  leg  only,  a  2H  X  2  X  M-in-  angle  will  be  used.  The  struts  will  be 
considered  as  compression  members;  their  sise  will  be  determined  subject  to  the  condition  that  l/r  must  not  exceed 
150,  which  is  the  limiting  value  set  for  such  members  in  Art.  148.  As  the  trusses  are  15  ft.  apart,  the  angles  must 
have  a  radius  of  gyration  of  at  least  r  s  ^gg  —  12  X  ^Mso  ""  1-2  in.  From  the  steel  handbooks  it  wiU  be  found 
that  the  standard  angles  of  least  weight  which  will  answer  the  requirements  are  two  4  X  3  X  Me-in.  angles  placed 
with  the  4-in.  legs  vertical  and  separated  by  at  least  a  yi-in.  space.  These  angles  .will  therefore  be  used  for  the 
struts  between  trusses,  and  also  for  the  ridge  struts. 

The  bracing  in  the  plane  of  the  lower  chord  of  the  truss  is  attached  to  plates  riveted  to  the  truss,  as  shown 
in  Fig.  193.  At  joint  g  the  splice  plate  on  the  horizontal  legs  of  the  bottom  chord  angles  is  enlarged  to  include  the 
connecting  rivets  in  addition  to  those  required  for  the  splice.  An  exact  determination  of  the  number  of  rivets 
required  in  the  ends  of  the  bracing  angles  can  not  be  made,  as  these  members  have  no  definite  stress.  Some  de- 
signers assume  that  the  connections  are  to  be  designed  for  the  full  strength  of  the  member.  On  this  assump- 
tion the  2H  X  2  X  H-in.  angles  would  require  16,000(1.06  -  0.22) /2810  -  6  field  rivets.  Experience  shows 
that  for  small  trusses,  two  rivets  are  sufficient. 

160.  The  General  Drawing. — Fig.  193  shows  a  general  drawing  of  the  truss  designed  in  the 
preceding  articles.  On  this  drawing  is  shown  the  sizes  of  members,  thickness  of  gusset  plates, 
number  of  rivets  in  the  members  at  each  joint,  arrangement  of  bracing,  and  all  other  details 
determined  in  the  preceding  calculations.  It  will  be  noted  that  only  the  general  features  of  the 
design  are  shown  on  this  drawing.  This  is  the  type  of  drawing  turned  out  by  the  average 
designing  office. 

Before  the  truss  can  be  constructed  in  the  shop,  a  drawing  must  be  made  showing  in  greater  detail  the  dimen- 
sions of  the  members  and  plates  and  the  spacing  of  the  rivets.  A  drawing  of  this  nature  is  known  as  a  shop  drawing. 
The, principles  governing  the  making  of  shop  drawings  are  given  in  the  chapter  on  Structural  Steel  Detailing.  The 
reader  is  referred  to  p.  319  for  a  complete  shop  drawing  of  a  truss  quite  similar  to  the  one  designed  in  the  preceding 
Articles. 
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DETAILED  DESIGN  OF  A  TRUSS  WITH  KNEE-BRACES 

By  W.  S.  Kinne 

161.  General  Considerations  and  Form  of  Trasses. — The  discussion  of  the  preceding 
chapter  was  confined  to  roof  trusses  supported  on  rigid  masonry  walls.  This  type  of  structure 
is  shown  in  Fig.  194  (a).  The  truss  is  not  called  upon  to  assist  in  carrying  lateral  forces.  Re- 
sistance to  lateral  forces  is  provided  by  the  walls  on  which  the  truss  is  simply  supported. 

In  certain  types  of  structures,  particularly  mill  buildings  and  storage  sheds,  the  trusses  are 

^^^^  supported   on  steel  columns,  as  shown  in  fig.  (6). 

^^,f^^/\y^-y.  ^''^*^^-^^^^^^^^^-   ft  '^^  outside  walls  are  formed  either  by  a  curtain 

(C^^    ^^^    ^\r'" r?    ^^  ^^  brick,  or  by  sheathing  or  corrugated  steel 

siding  which  is  supported  by  the  colimms.  In  either 
case  these  walls  act  merely  as  partitions,  and  do 
not  assist  in  carrying  lateral  ^forces,  as  in  the  case 
of  the  rigid  walls  of  Hg.  (a).  If  lateral  forces  are  apK 
plied  to  a  truss  resting  on  columns,  as  shown  in  Fig. 
(6),  the  structure  tends  to  collapse,  as  shown  by  the 
dotted  lines.  This  distortion  must  be  prevented  by 
bracing  capable  of  resisting  horizontal  forces. 

The  bracing  provided  to  resist  horizontal  forces 
mast  answer  two  conditions.  It  must  not  obstruct 
the  clear  space  between  the  walls  and  the  lower  chord  of  the  trusses,  and  it  must  provide  a 
means  of  joining  the  trusses  and  the  columns  into  a  rigid  frame  work.  In  small  structures 
the  required  resistance  to  distortion  is  sometimes  provided  by  means  of  riveted  joints  at  A 
and  B  of  Fig.  (6).  This  method  is  not  economical,  even  for  trusses  of  moderate  size.  Fig. 
194  (c)  shows  a  simple  means  of  providing  the  required  bracing.  Short  members  known  as 
knee-braces,  are  connected  to  the  colimin  and  to  a  lower  chord  panel  point.  The  structure 
thus  formed  answers  the  above  requirements, 
and  the  stresses  in  the  members  are  readily 
determined. 

Fig.  195  shows  a  fe^  of  the  forms  of  knee- 
braced  bents  in  common  use.  Fig.  (a)  shows  a 
Fink  truss  with  knee-braces,  and  Figs,  (b)  and 
(c)  show  trusses  of  the  Pratt  type.  Fig.  (d) 
shows  a  flat  Pratt  truss  with  the  end  members 
prolonged  to  form  a  column.  Other  forms  of 
trusses  can  be  arranged  in  a  similar  manner. 
Figs,  (e)  and  (J)  ahow  trusses  provided  with  a 
monitor  at  the  apex.  In  the  form  shown  in 
Fig.  (/),  side  trusses  are  also  provided. 

162.  General  Methods  of  Stress  Deter- 
mination.— Fig.  196  shows  a  knee-braced  bent 
acted  on  by  wind  loads  \Vi  perpendicular  to 
the  side  walls,  and  loads  W2  normal  to  the  roof 
surface.  General  methods  of  stress  determina- 
tion will  be  developed  for  the  conditions  shown 
in  Fig.  196.  Assume  first  that  the  truss  is  sim- 
ply supported  at  points  a  and  b  by  hinges,  or  by  some  method  which  will  prevent  horizontal 
movement  imder  the  action  of  the  applied  loads.  Let  R  of  Fig.  (aj  represent  the  resultant  of 
the  loads  Wi  and  Wt,    The  reactions  at  A  and  B  are  to  be  determined  for  the  force  R, 

For  the  conditions  shown  in  Fig.  196,  it  will  be  noted  that  there  are  four  unknowns  to  be 
determined;  a  vertical  and  a  horizontal  force  at  A  and  B.  The  problem  is  therefore  indeter- 
minate, for,  as  stated  in  the  chapter  on  Principles  of  Statics  in  Sect.  1,  only  three  unkaiywoB 
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can  be  detennined  in  any  system  of  non-concurrent  forces.  Some  assumption  must  then  be 
made  regarding  the  relation  between  certain  of  these  forces  before  a  solution  can  be  made. 
It  VitIX  be  convenient  in  this  case  to  consider  the  relation  between  the  horizontal  components 
of  the  forces  at  A  and  B,  The  desired  relation  can  be  obtained  from  a  principle  brought  out  in 
the  analysis  of  statically  indeterminate  structures  which  states  that  where  there  is  more  than 
one  path  over  which  the  stresses  due  to  a  given  load  may  pass  in  order  to  reach  the  abutments 
or  points  of  support,  the  load  will  be  divided  over  these  paths  in  proportion  to  their  relative 
rigidities.  It  is  reasonable  to  assume  in  this  case  that  the  loads  are  transmitted  from  the  truss 
to  the  columns  and  thence  to  the  points  of  support.  As  the  columns  are  generally  made  alike, 
and  are  therefore  of  equal  rigidity,  it  is  usually  assumed  that  the  horizontal  components  of  the 
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i^iplied  loads  are  equally  divided  between  the  two  points  of  support.  Thus,  if  fl"  be  the  hori- 
zontal component  of  R,  we  have 

Hi  --  Ht  =  H/2  (1) 

where  Hi  and  Ht  represent  the  horizontal  components  of  the  reactions  at  A  and  B,  Fig.  196  (a). 
The  vertical  components  of  the  reactions,  shown  by  Vi  and  Vt  in  Fig.  (o),  can  be  determined 
by  moments.     Thus  in  general  terms,  we  have  from  moments  about  B 

Vi  =  Rb/l  (2) 

and  from  moments  about  A 

Vt  =  Ra/l  (3) 

The  reactions  are  thus  completely  determined. 

Before  proceeding  to  the  determination  of  the  stressea  in  the  truss  members,  it  will  be  necessary  to  consider 
the  conditions  existing  in  the  columns.  As  shown  in  Fig.  196  (a),  the  horizontal  forces  are  carried  to  the  points  of 
support  by  means  of  a  vertical  member.  As  the  loads  act  at  right  angles  to  the  member,  it  is  subjected  to  bending  as 
well  as  direct  stress.  The  distortion  of  the  structure  as  a  whole  is  of  the  nature  shown  in  Fig.  (6).  In  Fig.  (c)  is 
shown,  to  an  enlarged  scale,  one  of  the  distorted  columns.  Since  the  column  is  riveted  to  the  truss  at  point  C,  and  to 
the  knee-braoe  at  point  B^  it  seems  reasonable  to  assume  that  E-C  remains  vertical,  and  that  the  distortion  of  E-B 
greatly  magnified,  is  as  shown  in  Fig.  (c).  The  column  is  then  a  three  force  piece,  as  it  is  subjected  to  bending 
moment,  shear,  and  direct  stress  at  all  points.  If  Mg,  V»,  8x  represent  these  quantities  at  any  section  a 
distance  x  above  the  base  of  the  column,  we  have  for  member  B-E  of  Fig.  196. 

M,  =>  HiX  r.  -  Ht  5,  -  Vt  (4) 
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The  moment,  as  given  by  the  first  of  these  expressions,  is  a  mazimiun  at  point  B^  the  foot  of  the  knee-brace,  varying 
uniformly  to  sero  at  the  foot  of  the  column,  as  shown  by  the  moment  diagram  of  Fig.  (c).  Values  of  the  shear 
and  direct  stress  for  member  C-E  depend  on  the  stress  in  the  knee-brace,  which  is  as  yet  unknown. 

In  general  the  columns  are  rigidly  fastened  to  the  foundations  by  a  detail  of  the  type  shown  in  Fig.  210. 
The  distortion  of  the  column  is  then  of  the  nature  shown  in  Fig.  196  (d).  When  the  base  is  fixed,  the  tangent  to  the 
curve  at  point  B  can  be  assumed  to  be  vertical.  As  the  tangent  at  £  is  also  vertical,  the  ctirvature  between  the  two 
points  can  be  assumed  to  be  a  reversed  curve,  with  the  point  of  inflection,  or  change  in  curvature,  at  point  O,  half- 
way between  E  and  B.  Since  a  point  of  inflection  is  also  a  point  of  sero  moment,  the  variation  in  moment  for 
member  B-C  is  as  shown  in  Fig.  (d).  The  moment  at  O  is  sero,  and  the  moments  at  points  equal  distances  above 
and  below  O  are  equal  in  amount,  but  opposite  in  kind.  It  will  be  noted  that  the  portion  0-B  oi  the  deformed  col- 
umn of  Fig.  (d)  is  similar  to  the  portion  B-E  of  Fig.  (c).  Since  the  moment  at  O  is  sero,  this  point  can  be  regarded 
as  a  hinged  joint.  In  the  determination  of  stresses  the  column  can  be  separated  into  two  parts  at  pmnt  O,  as  shown 
in  Fig.  («).  The  reactions,  as  given  by  eqs.  (1),  (2),  and  (3),  are  to  be  calculated  for  a  knee-braced  bent  consisting 
of  that  part  of  the  structure  above  points  O  of  Fig.  (a).  The  moment  at  the  base  of  the  column  can  be  determined 
from  the  conditions  shown  in  Fig.  (e)  for  the  lower  portion  of  the  column. 

The  position  of  the  point  of  inflection  has  an  important  bearing  on  the  stresses  in  the  members.  It  can  be  seen 
from  eqs  (1),  (2),  and  )3)  and  from  Fig.  (a),  that  the  values  of  the  reactions  depend  upon  the  effective  height  of  the 
bent.  A  fixed  end  bent,  considered  as  hinged  at  O,  midway  between  the  knee-brace  and  the  base,  will  in  general 
have  smaller  stresses  in  its  members  than  one  with  simply  supported  ends,  considered  as  hinged  at  A  and  B.  How- 
ever, imless  the  connections  at  E  and  C  of  Fig.  (d)  are  absolutely  rigid,  and  the  base  of  the  column  is  fixed,  the  point 
of  inflection,  O,  can  not  be  assumed  as  located  halfway  between  the  base  of  the  column  and  the  foot  of  the  knee- 
brace.  Any  tendency  of  the  tangents  to  deviate  from  the  vertical  will  cause  the  point  of  inflection  to  be  lowered, 
the  limit  being  points  A  and  B,  or  a  hinged  connection  at  the  base  of  the  columns.  Since  the  base  of  the  column 
is  usually  rather  wide  in  the  plane  of  the  truss,  it  can  always  be  considered  as  partially  fixed  due  to  the  action  of 
the  dead  load.  In  most  cases  the  column  is  firmly  attached  to  the  foundations  by  means  of  anchor  bolts  which  are 
screwed  up  tight.  As  long  as  these  bolts  remain  tight,  the  base  of  the  column  can  be  considered  as  fixed.  But 
experience  shows  that  this  can  not  be  relied  upon.  It  seenu  best,  therefore,  to  assume  that  the  point  of  inflection 
is  somewhat  below  the  mid-point  between  the  knee-brace  and  the  base  of  the  column.  This  assumption  is  on  the 
safe  side,  as  the  stresses  in  the  truss  members  are  increased  thereby,  and  the  moment  to  be  carried  by  the  columns 
is  also  increased. 

In  the  calculations  to  follow,  it  will  be  assumed  that  the  distance  from  the  base  of  the  column  to  the  point  of 
inflection  is  one-third  of  the  distance  from  the  base  of  the  column  to  the  foot  of  the  knee-brace,  as  shown  in  Fig. 
(/).  There  is  considerable  difference  of  opinion  among  designers  and  writers  on  this  point.  The  recommendation 
made  above  seems  to  be  reasonable  and  to  be  founded  on  conditions  which  actually  exist  in  the  structure;  it  will 
therefore  be  adopted. 

Methods  of  stress  calculation  are  best  explained  by  means  of  a  problem.     For  this  purpose, 
^  truss  of  the  form  considered  in  the  preceding  chapter  will  be  placed  on  columns  and  provided 

with  knee-braces.  Fig.  197  shows  the  dimen- 
sions of  the  knee-braced  bent  thus  formed. 
The  wind  pressure  on  a  vertical  surface  will  be 
taken  as  20  lb.  per  sq.  ft.,  and  that  on  an  in- 
clined surface  will  be  20  lb.  reduced  by  the 
Duchemin  formula,  which  is  given  in  Art.  1 35. 
Since  the  assumed  conditions  are  the  same  as 
for  the  design  given  in  the  preceding  chapter, 
the  wind  panel  load  normal  to  the  roof  surface 
is  1565  lb.,  as  calculated  in  Art.  153.  The 
total  horizontal  load  on  the  side  of  the  struc- 
ture above  the  point  of  inflection  is  15X)5X  20  =  4500  lb.  This  load  is  distributed  to  the 
vertical  panel  points  as  shown  in  Fig.  198(a).  It  will  be  assimied  that  the  bases  of  the 
columns  are  partially  fixed,  and  that  the  point  of  inflection  is  located  at  a  point  above  the 
base  of  the  column  equal  to  one-third  of  the  distance  between  the  base  and  the  foot  of  the 
knee-brace,  as  shown  in  Fig.  197.  Figs.  197  and  198  (a)  show  the  portion  of  the  bent  above 
the  assimied  points  of  inflection,  with  the  applied  loads  in  position. 

The  reactions  at  the  points  of  inflection,  O  and  0'  of  Fig.  197,  assumed  to  be  points  of  sup- 
port for  a  hinged  knee-braced  bent,  can  be  calculated  by  the  methods  given  in  Sect.  1.  From 
Fig.  198  (a),  the  total  horizontal  component  of  applied  loads  is  4500  -h  6260  sin  26**  34'  = 
4500  +  6260  X  0.447  =  4500  -h  2800  =  7300  lb.  The  horizontal  components  of  the  reactions, 
as  determined  from  eq.  (2),  are 

Hi  ^  Ht  =  H/2  =  7300/2  =  3650  lb. 
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Fig.  197. 
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The  forces  act  as  shown  m  Fig.  198  (a).  The  vertical  reactions  are  determined  from  moments 
about  the  bases  of  the  columns,  using  eqs.  (2)  and  (3).  Thus  for  R^,  from  moments  about 
0  with  dimensions  and  loads  as  shown  on  Fig.  198  (a),  we  have 

6260  X  20.71  +  4500  X  7.5 


Rt 


and 


Ri 


50 


6260  X  23.99  -  4500  X  7.5 
50 


=  3260  lb. 


=  2340  lb. 


i6^M' 


These  forces  are  shown  in  position  on  Fig.  198  (a).    All  external  are  thus  completely  deter- 
mined. 

The  next  step  in  the  calculations  is  the  determination  of  the  stresses  in  the  members  of 
the  truss.  In  general  it  will  be  found  that  graphical  methods  of  stress  determination  are  pref- 
erable for  this  purpose.  Alge- 
braic methods  of  stress  calcu- 
lation are  somewhat  more 
precise  than  graphical  methods, 
but  in  the  application  of  alge- 
braic methods  considerable 
time  is  consumed  in  the  calcu"^ 
lation  of  lever  arms  of  loads 
and  members.  This  is  avoided 
by  the  use  of  graphical 
methods,  and  the  results  ob- 
tained are  accurate  enough  for 
all  practical  purposes. 

In  the  application  of 
graphical  methods  to  a  knee- 
braced  bent  a  little  difficulty  is 
encouncered  in  the  case  of  the 
columns.  These  members  are 
subjected  to  shear,  moment, 
and  direct  stress,  thus  forming 
three  force  pieces.  The  graph- 
ical methods  of  Sect.  1  are  ap- 
plicable only  to  one  force 
pieces — that  is,  members  sub- 
jected either  to  tension  or  compression.  Two  methods  can  be  employed  for  the  graphical 
solution  of  the  case  under  consideration :  (a)  The  columns  can  be  removed  and  in  their  place 
can  be  substituted  a  S3rstem  of  forces  whose  effect  on  the  structiu^  as  a  whole  will  be 
the  same  as  that  of  the  columns,  and  (&)  since  a  moment  can  be  considered  as  a  force  times 
a  distance,  a  temporary  framework  can  be  added  to  the  truss  system,  arranged  so  that  the 
moment  at  the  foot  of  the  knee-brace  will  cause  stress  in  the  members  of  the  auxiliary 
framework.  After  the  stresses  in  all  members  of  the  truss  have  been  determined,  the  temp- 
orary framework  can  be  removed  and  the  true  stresses  in  the  columns  determined.  This 
method  is  quite  similar  in  principle  to  the  one  given  in  Sect.  1,  Art.  84,  for  the  determination 
of  the  stresses  in  certain  members  of  the  Fink  truss.  The  methods  described  above  will  now 
be  applied  to  the  knee-braced  bent  of  Fig.  198  (a). 

The  application  of  the  fint  method  outlined  above  is  shown  in  Figs.  198  (b),  (e),  and  (d).  Figs.  (6)  and  (c) 
ahow  the  columns  removed  with  all  forces  acting.  Forces  F\  and  Ft  show  the  action  of  the  column  on  the  truss. 
Theae  forces  are  determined  by  the  methods  of  statics,  subject  to  the  condition  that  the  column  is  in  complete 
equilibrium.     From  Fig.  (b),  which  shows  the  conditions  for  the  windward  column,  momenta  about  point  I  give 
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Fig.  198. 


and  moments  about  point  a  give 
35 


Fx  -  (3650  -  1500)10/5  -  43001b. 
Ft  -  (3650  -  1600)15/5  -  6460  lb. 
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For  the  leeward  column,  shown  in  Fig.  (c) 


Fi  =  3650  X  10/5  -  7300  lb. 


and 
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Pig.  199. — Knee-braced  trussee. 


Fi  -  3650  X  15/5  -  10,950  lb. 

AU  iorces  are  shown  in  position  in  Figs.  (6)  and  (e). 

Since  action  and  reaction  are  equal  in  amount  but  opposite  in  direction,  foroee  F\  and  Ft  are  to  be  applied  to  the 

truas  in  directions  opposite  to  those  shown  in 
Figs,  (b)  and  (c).  They  appear  directly  on  the 
leeward  side,  but  on  the  windward  side  they 
are  to  be  combined  with  the  loads  shown  at  a 
and  e  of  Fig.  (a).  At  a  the  applied  load  ia 
4300  +  750  -  5050  lb.,  and  at  e  the  load  is 
6450  -  2250  -  4200  lb.  These  forces  are 
shown  in  position  and  direction  on  Fig.  198 
(<i).  At  the  foot  of  the  knee-brace,  vertical 
forces  equal  to  the  reaction  at  the  foot  of  the 
column  are  applied,  as  shown  in  Fig.  (d). 
The  resulting  forces  hold  the  struottve  in 
equilibrium. 

Pig.  199  (6)  shows  the  stress  diagram  for 
the  forces  shown  on  Fig.  198  (d)  and  repeated 
on  Fig.  199  (a).  This  stress  diagram  is  con- 
structed by  the  methods  given  in  Sect.  1.  The 
stresses  in  the  members,  as  scaled  from  the 
diagram,  are  recorded  in  col.  4  and  6  of  Table 
1,  Art.  164.  The  stresses  in  the  upper  portion 
of  the  columns  are  given  directly  in  the  stress 
diagram.  In  the  lower  portions  of  the  columns, 
the  stress  is  equal  to  the  reaction  at  the  point 
in  question,  as  given  in  Fig.  198  (d). 

The  temporary  framework  for  the  second 
method  of  stress  determination  outlined  above  is  shown  in  Fig.  200  (a).  Any  convenient  arrangement  can  be 
used.  In  this  case  the  top  chord  member  wss  prolonged  to  an  intersection  with  a  horisontal  through  the  foot 
of  the  knee-brace.  This  point  was 
then  connected  to  the  foot  of  the 
column  by  a  temporary  member. 
These  members  are  shown  by  dashed 
lines  in  Fig.  200  (a).  The  loads 
applied  to  the  windward  side  of  the 
building  are  considered  as  acting  at 
the  joints  of  the  auxiliary  framework* 
as  shown  in  Fig.  (a).  With  the  auxil- 
iary framework  in  place,  it  is  possible 
to  draw  the  stress  diagrams  for  all 
joints.  Fig.  200  ih)  shows  the  com- 
plete stress  diagram. 

The  stresses  for  the  columns,  as 
given   by   the   stress  diagram  of  Fig. 
(6),  are  not  the  true  stresses  for  these 
members,    for     the    addition    of    the 
auxiliary    frames    has    effected    the 
stresses   ill    the    columns;    all    other 
stresses  are    the   true  stresses  in  the 
members  in  question.      To  determine 
the  true  stresses  in   these   members, 
the  auxiliary  frames  must  be  removed 
and  the  column  stresses  redetermined, 
subject    to   conditions   which   will  be 
discussed   later.      Thus  for  the  wind- 
ward column  it  can  be  seen   by  in- 
spection that  as  soon   as   the  frame- 
work is  removed,    the  stress  in   the 
lower  section  of  the  column  ia  a  com- 
pression which  is  directly  equal  to  the  reaction  at  the  foot  of  the  column,  which  in  this  case  is  2340  lb.    Consider 
the  upper  portion  of  the  column.     It  is  quite  evident  that  the  stress  in  this  member  must  be  of  such  magnitude 
that  it  will  hold  in  equilibrium  the  stress  in  the  lower  portion  of  the  column  plus  the  vertical  component  of  the 
stress  in  the  windward  knee-brace.     The  desired  stress  can  be  determined  from  Fig.  (6)  by  locating  the 
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forces  mentioned  and  adding  them  graphically.  In  Fig.  200  (6),  K-M  repreeenta  the  reaction  at  the  foot  of 
tiie  oolamn,  and  L-ll  represente  the  atreee  in  the  knee-brace.  If  these  forces  be  projected  on  a  vertical  line 
drawn  through  pcxat  17,  we  have  as  the  sum  of  these  forces  the  component  JC'-17,  which  represents  the  amount  of 
the  desired  stress  in  the  upper  portion  of  the  column;  the  stress  as  scaled  from  the  stress  diagram  is  5000  lb., 
and  the  kind  of  stress  is  compression.  Similar  methods  are  to  be  used  for  the  leeward  column.  As  before,  the 
stress  in  the  lower  portion  of  the  column  is  compression,  and  it  is  equal  to  the  reaction  at  the  foot  of  the  column. 
Sinoe  the  stress  in  the  leeward  knee-brace  is  compression,  its  vertical  component  acts  downward.  Therefore 
the  stress  in  the  upper  portion  of  the  column  must  balance  the  difference  between  the  stress  in  the  stress  in  the 
lower  portion  of  the  column  and  the  vertical  component  of  the  stress  in  the  knee-brace.  The  desired  stress  can  be 
determined  from  Fig.  200  (6).  The  force  L-N  represents  the  reaction  at  the  foot  of  the  column,  and  L- 14  represents 
the  stress  in  the  leeward  knee-brace.  If  these  forces  be  projected  on  a  vertical  line  through  point  14,  the  required 
difference  in  stress  components  will  be  represented  by  the  force  ^'-14.  The  required  stress  scales  3700  lb.,  and  the 
kind  of  stress  is  tension. 

On  comparing  the  two  methods  given  above,  it  will  be  found  that  the  construction  of  the 
auxiliary  frames  required  by  the  second  method  involves  less  time  and  is  a  simpler  process  than 
the  calculation  of  the  external  forces  required  for  the  first  method.  The  stress  diagrams  con- 
structed for  the  two  methods  lead  to  exactly  the  same  results,  if  the  operations  are  correctly 
performed.  However,  it  will  be  foimd  that  the  stress  diagram  for  the  first  method  can  be  more 
accurately  constructed  than  the  one  for  the  second  method.  This  is  partly  due  to  the  fact  that 
the  stress  diagram  of  the  first  method  contains  four  less  joints  than  the  one  for  the  second 
method,  and  also  to  the  fact  that  it  is  difficult  to  arrange  an  auxiliary  framework  which 
will  provide  good  intersections  for  the  lines  of  action  of  the  resulting  stresses.  Again,  the 
stresses  in  the  columns  are  given  directly  by  the  stress  diagram  for  the  first  method,  but, 
from  the  discussion  given  above,  it  can  be  seen  that  the  determination  of  the  column  stresses 
by  the  second  method  requires  considerable  care  and  study.  Everything  considered,  the 
first  method  of  calculation,  as  shown  in  Fig.  199,  is  preferable,  and  it  is  recommended  as  the 
best  method  of  stress  determination  for  problems  of  the  nature  here  considered. 

168.  Conditions  for  the  Design  of  a  Knee-braced  Bent. — To  illustrate  the  principles  of 
design  for  a  knee-braced  bent,  a  trtiss  of  the  span  length  and  type  designed  in  the  preceding 
chapter  will  be  placed  on  columns  and  provided  with  knee-braces.  The  columns  will  be  made 
20  ft.  high,  and  the  knee-brace  will  intersect  the  column  at  a  point  5  ft.  below  the  top  of  the 
column.  Fig.  197  shows  the  structure  thus  formed.  The  distance  between  the  trusses  will 
be  taken  as  15  ft.,  and  the  roof  covering  will  be  made  the  same  as  used  in  the  design  of  the 
preceding  chapter.  In  this  way  much  of  the  material  of  the  preceding  design  can  be  used  for 
the  structure  imder  consideration.  It  is  not  probable  that  a  shingle  roof  would  be  used  in 
practice  for  a  structure  of  this  type.  A  corrugated  steel  or  a  slate  or  tile  is  a  more  practical 
type  of  roofing.  However,  the  general  principles  of  design  are  the  same  for  all  cases,  and  the 
discussion  given  in  this  chapter  can  readily  be  modified  for  any  type  of  roof  covering. 

Loadings  and  working  stresses  will  be  the  same  as  given  in  Arts.  148  and  150  of  the  pre- 
ceding chapter,  with  the  exception  of  the  dead  load  of  the  trusses,  which  will  be  determined  by 
the  Ketchum  formula  given  in  the  chapter  on  Roof  Trusses — General  Design.  This  formula  is 
v>  «  P/45  (1  -h  L/b^/A),  where  P  =»  capacity  of  truss,  which  will  be  taken  as  40  lb.  per  sq.  ft. 
of  horizontal  coveffed  area;  L  =  span  in  feet;  A  =  distance  between  trusses,  which  will  be  15 
ft. ;  and  w  *  weight  of  truss  per  sq.  ft.  of  horizontal  covered  area.  With  the  above  values, 
V)  =3.18  lb.  To  allow  for  that  part  of  the  bracing  carried  by  the  trusses,  this  weight  will  be 
increased  to  4.25  lb.  per  sq.  ft.  of  horizontal  covered  area.  The  snow  load  will  be  taken  20  lb. 
per  sq.  ft.  of  roof  surface,  and  the  wind  loads  on  the  sides  and  the  roof  will  be  based  on  a  unit 
pressure  of  30  lb.  per  sq.  ft.  on  a  vertical  surface.  This  unit  pressure  will  provide  for  all  pos- 
sible wind  stress  conditions  for  a  structure  in  an  exp>osed  position.  If  the  structure  is  in  a 
sheltered  location,  a  unit  pressure  of  15  or  20  lb.  per  sq.  ft.  would  be  sufficient.  The  wind  pres- 
sure will  be  assumed  to  act  normal  to  the  roof  surface  and  perpendicular  to  the  sides  of  the 
building. 

Working  stresses  for  steel  in  tension  will  be  16,000  lb.  per  sq.  in.  on  the  net  section  of  the 
member.  For  compression  the  working  stress  will  be  given  by  the  formula  16,000  —  70Z/r, 
where  /  ■=  greatest  unsupported  length  of  member,  and  r  ■=  least  radios  of  gyration  of  the 
section.     Gross  areas  are  used,  and  l/r  is  limited  to  125  for  main  members  and  to  50  for  bracing. 
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Corresponding  working  stresses  for  wind  loadings  will  be  based  on  24,000  lb.  per  sq.  in.,  as  in 
the  preceding  chapter.  Rivet  values  for  shop  rivets  are  to  be  based  on  an  allowable 
shearing  value  of  10,000  lb.  per  sq.  in.,  and  an  allowable  bearing  value  of  20,000  lb.  per  sq. 
in. ;  corresponding  values  for  field  rivets  are  7500  lb.  for  shear  and  15,000  for  bearing.  Rivets 
^  in.  in  diameter  will  be  used.     The  minimum  thickness  of  material  will  be  K  ii^* 

Members  and  connections  subjected  to  a  reversal  of  stress  will  be  designed  for  each  kind  of 
stress.  This  assumption  is  reasonable,  for  the  reversal  in  stress  is  due  to  a  change  in  the  direc- 
tion of  the  wind.  This  can  not  occur  suddenly,  so  that  there  will  be  a  time  interval  between 
the  two  kinds  of  stress. 

As  stated  in  Art.  162,  there  is  considerable  uncertainty  regarding  the  exact  conditions  at  the  bases  of  the  col- 
umns. In  many  casM  it  is  assumed  that  the  point  of  inflection,  shown  in  Figs.  107  and  198,  is  located  half  way  be- 
tween the  base  pf  the  column  and  the  foot  of  the  knee-brace.  This  assumption  requires  rigid  connections  between 
the  column  and  the  knee-brace  and  a  rigid  connection  between  the  column  and  the  truss.  Also,  the  base  of  the 
column  must  be  rigidly  attached  to  the  foundations,  which  must  be  immovable.  All  of  these  conditions  must  be 
realised,  before  the  above  assumption  can  be  made.  As  it  is  practically  impossible  to  secure  all  of  these  con- 
ditions, it  does  not  seem  advisable  to  assume  that  fixed  end  conditions  exist.  However,  the  end  detail  of  the  base 
of  the  column,  as  shown  in  Fig.  202,  is  so  arranged  that  it  is  probable  that  the  assumption  of  hinged  ends  is  not 
justified,  as  the  base  is  flat,  and  is  fixed  to  some  extent  by  the  dead  load.  It  therefore  seems  best  to  assume  that 
the  base  is  partially  fixed,  and  that  the  point  of  inflection  is  somewhat  below  the  mid-point  of  the  column.  In 
an  excellent  article  on  Wind  Stresses  in  Steel  Mill  Buildings,*  R.  Fleming  recommends  that  the  point  of  inflection 
be  taken  at  a  point  one-third  of  the  distance  between  the  foot  of  the  column  and  the  knee-brace.  This  recom- 
mendation has  been  followed  in  the  solution  of  the  problem  of  Art.  195,  and  will  be  adopted  for  the  design  to  be 
made. 

164.  Determination  of  Stresses  in  Members. — The  stresses  in  the  members  are  to  be 
determined  for  the  same  general  conditions  as  in  the  design  of  the  preceding  chapter.  In  this 
case,  however,  it  is  not  possible  to  use  an  equivalent  uniform  load  to  represent  the  effect  of 
wind  and  snow  combined.  The  stresses  for  these  loadings  must  be  determined  separately  and 
combined  with  the  dead  load  for  the  following  conditions:  (a)  dead  load  and  snow  load;  (h) 
dead  load  and  wind  load;  (c)  dead  load,  minimum  (one-half)  snow  load,  and  maximum  wind 
load;  and,  (d)  dead  load,  maximum  snow  load,  and  minimum  (one-third)  wind  load.  In  mak- 
ing up  these  combinations,  the  greater  of  the  wind  stresses  given  in  cols.  4  or  6  of  Table  1  is  to 
be  used.  This  will  provide  for  all  possible  conditions.  The  maximimi  stress  determined  from 
these  combinations  is  to  be  used  in  the  design  of  the  member.  It  will  be  noted  that  con- 
dition (&)  often  results  in  a  reversal  of  stress  in  the  member. 

Since  the  adopted  roof  covering,  the  loading  conditions,  and  the  working  stresses  are  the  same  as  for  the 
design  of  the  preceding  chapter,  the  dead  panel  load  due  to  the  roof  covering  and  the  purlins  will  be  the  ^me  as 
given  in  Art.  153  of  the  preceding  chapter.  The  panel  load  due  to  the  roofing  is  then  945  lb.,  and  that  due  to  the 
purlin  is  146.3  lb.  As  given  above  in  Art.  163,  the  weight  of  the  truss  and  bracing  is  4.25  lb.  per  sq.  ft.  of  hori- 
sontal  covered  area.  Froni  the  preceding  chapter,  the  horizontal  covered  area  per  panel  is  15  X  "^  *  93.75 
sq.  ft.  The  panel  load  due  to  the  weight  of  the  truss  is  then  93.75  X  4.25  -  398.4  lb.  The  total  dead  panel  load 
is  then  945.0  +  146.3  +  398.4  -  1489.7  lb.;  a  load  of  1490  lb.  will  be  used  in  the  calculations  to  follow. 

In  the  calculation  of  the  stresses  in  the  members  of  the  knee-braced  bent  shown  in  Fig.  164,  it  is  the  usual 
practice  to  assume  that  the  knee-braces  are  not  stressed  by  the  action  of  vertical  loads.  This  assumption  is  not 
strictly  correct,  for  the  deflection  of  points  /  and  /'  is  resisted  by  the  knee-brace,  which  is^us  subjected  to  a  small 
stress.  At  the  same  time,  a  small  bending  moment  is  set  up  in  the  column.  These  stresses  and  moments  are  so 
small  compared  to  the  other  stresses  and  moments  that  the  stresses  due  to  the  deflection  of  points  /  and  f*  can  be 
neglected.  This  is  equivalent  to  removing  the  knee-braces  and  calculating  the  stresses  in  the  remaining  mem- 
bers. The  stresses  can  then  be  determined  by  the  methods  used  in  Art.  153  of  the  preceding  chapter.  These 
stresses  are  given  in  col.  1  of  Table  1. 

The  panel  load  due  to  snow  will  be  the  same  as  for  the  preceding  design.  As  the  area  of  the  roof  panel  is  7 
X  15  -  105  sq.  ft.,  and  the  snow  load  is  20  lb.  per  sq.  ft.,  the  panel  load  is  20  X  105  -  2100  lb.  The  snow  load 
stresses  are  given  in  col.  2  of  Table  1.  These  stresses  can  be  calculated  from  the  dead  load  stresses  by  multiplying 
by  the  ratio  of  panel  loads,  which  in  this  case  is  2100/1490  ■-  1.41.  Since  the  conditions  are  the  same  as  for  the 
preceding  design,  the  stresses  in  this  case  can  be  taken  from  Table  1  of  Art.  153  of  the  preceding  chapter.  In  coL 
3  the  stresses  for  minimum,  or  one-half  snow  load,  are  given. 

The  wind  load  stresses  for  the  structure  under  consideration  have  been  worked  out  in  the  problem  given  in 
Art.  162.  As  stated  in  Art.  163,  the  unit  wind  pressure  is  to  be  taken  as  30  lb.  per  sq.  ft.  and  the  allowable  working 
stress  for  wind  loading  is  to  be  based  on  24,000  lb.  per  sq.  in.  Since  this  working  stress  is  H  that  allowed  for  dead 
and  snow  loads,  the  wind  pressure  can  be  reduced  by  Hi  which  gives  a  imit  pressure  of  20  lb.  per  sq.  ft.     A  imiform 
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allowftble  working  atreM  of  16,000  lb.  per  sq.  in.  can  then  be  used  for  all  loadings.  The  wind  pressure  on  the 
of  the  structure  wiU  be  taken  as  20  lb.  per  sq.  ft.,  and  that  on  the  roof  surface  wiU  be  taken  as  calculated  from  the 
Duohemin  formula  which  is  given  in  Art.  135.  As  the  slope  of  the  roof  surface  is  26  deg.  34  min.  and  the  unit  pres- 
sure is  20  lb.  per  sq.  ft.,  the  normal  wind  pressure  is  found  to  be  14.9  lb.  per  sq.  ft  of  roof  surface.  Since  a  com- 
plete solution  of  this  problem  is  given  in  Art.  162,  the  work  will  not  be  repeated. 

The  wind  stresses  in  the  members,  as  determined  in  Fig.  199  or  200  of  Art.  162,  are  given  in  cols.  4  and  5  of 
Table  1.  Minimum,  or  one-third  wind  stresses  are  given  in  cols.  6  and  7.  Table  1  also  gives  the  values  of  tlie 
moments  at  the  foot  of  the  knee-braces.  These  moments  are  calculated  from  eq.  (4)  of  Art.  162.  For  point  e 
of  the  windward  column,  it  can  be  seen  from  Figs.  197  and  198(a)  that  the  moment  is  (3660  —  1500)  X  10  -  21,500 
ft.-lb.,  and  for  the  leeward  column,  the  moment  at  point  V  is  3650  X  10  *  36,500  ftAh.  Moments  at  the  base 
of  the  column  are  also  given.  These  moments  are  equal  to  the  horisontal  component  of  the  reaction  multiidied 
by  the  distance  to  the  assumed  point  of  inflection. 

The  combined  stresses  for  the  combinations  of  cases  (a),  (6),  (e),  and  (d),  as  outlined  above,  are  given  in  oob. 
8,  9,  10,  and  11  respectively.     In  col.  12  the  greatest  of  these  maximum  values  are  tabulated. 

166.  Design  of  Members  and  Columns. — The  general  principles  governing  the  design  of 
the  members  of  a  knee-braced  bent  are  the  same  as  those  used  in  the  design  of  the  preceding 
chapter  Table  2  gives  all  data  required  for  the  design.  In  the  truss  under  consideration,  a 
few  of  the  members  are  subjected  to  a  reversal  of  stress.  Such  members  are  to  be  designed  to 
carry  each  of  these  stresses.  The  section  will  therefore  be  determined  for  the  stress  which 
requires  the  greater  area.  One  member,  g-h,  is  subjected  to  a  small  compression  under  certain 
conditions.  The  area  required  is  determined  by  the  tension  in  the  member.  However,  since 
the  member  is  likely  to  be  called  upon  to  carry  compression,  the  limiting  l/r  conditions  must 
be  met,  which  will  probably  determine  the  make-up  of  the  section.  Where  a  member  is  sub- 
jected to  a  large  compression  and  a  smaller  tension,  the  compression  area  determines  the 
required  section.  It  is  necessary,  however,  to  examine  the  net  area,  in  order  to  make  certain 
that  proper  provision  has  been  i^ade  for  the  tensile  stress.  The  detailed  design  of  a  few  of  the 
members  will  now  be  taken  up,  and  new  points  involved  in  the  design  will  be  discussed. 

Member  e-f,  the  knee-brace,  is  subjected  to  a  tension  of  4950  lb.,  and  to  a  compression  of  13,(X)0  lb.;  the  length 
of  the  member  is  111.5  in.  Try  two  3H  X  3  X  >^-in.  angles,  placed  with  the  3H-in.  legs  separated  by  a  H-in. 
space.  The  least  radius  of  gyration  of  these  angles  is  1.10  in.;  the  slendemess  ratio  is  l/r  «  111.5/1.10  *  101.6; 
the  allowable  working  stress  in  compression  is  8900  lb.  per  sq.  in.;  and  the  area  required  is  13,0(X)/89<X)  *  1.46  sq. 
in.     Since  the  working  stress  in  tension  is  16,000  lb.  per  sq.  in.,  the  net  area  required  for  the  tension  is  4950/16,(K)0 

■-  0.309  sq.  in.  The  gross  area  of  the  assumed  angles 
is  3.86  sq.  in.,  and  the  net  area,  deducting  one  rivet 
hole  from  each  angle,  is  3.32  sq.  in.  Thrae  areas  are 
considerably  in  excess  of  the  required  areas,  but  the 
value  of  the  ratio  l/r  for  the  assumed  angles  is  101.6, 
which  is  close  to  the  maximum  allowable.  The  sec- 
tion must  therefore  be  tised. 

Member  g-h  is  subjected  to  a  tension  of  10,200 
lb.,  or  to  a  compression  of  1370  lb.  The  area  re- 
quired for  tension,  which  is  10,200/16,000  -  0.638 
sq.  in.,  will  determine  the  design,  but  the  member 
selected  must  conform  to  the  limiting  slendemees 
ratio  conditions  required  for  compression  members. 
In  this  case  it  will  be  found  that  a  section  made  up  of 
the  minimum  angles  will  answer  all  requirements. 
Assume  two  2H  X  2  X  H'i^-  Angles,  the  minimum 
allowable,  for  which  the  least  r  «  0.78  in.  For  a  length  of  member  of  94  in.,  we  find  that  l/r  -  94/0.78  - 
120.5,  a  value  slightly  less  than  the  maximum  allowable,  but  acceptable  in  this  case.  The  net  area  of  the  assumed 
angles,  deducting  one  rivet  hole  from  each  angle,  is  1.68  sq.  in.  Although  the  ar3a  provided  is  somewhat  in  excess 
of  that  required,  the  section  must  be  used  in  order  to  answer  the  l/r  conditions. 

The  design  of  the  column  and  its  base  presents  some  new  problems,  which  will  be  discussed 
in  detail.  As  stated  in  Art.  1G3,  the  columns  are  three-force  pieces,  which  are  to  be  designed  for 
moment,  shear,  and  direct  stress.  From  Fig.  196  (a)  and  Table  1,  it  can  be  seen  that  the  maxi- 
mum moment  conditions  occur  at  the  foot  of  the  leeward  knee-brace.  Fig.  201  shows  the  forces 
acting  on  the  column  for  two  conditions  of  loading.  Fig.  (a)  shows  the  combined  forces  due  to 
dead  load,  one-half  snow  load,  and  maximum  wind  load,  and  Fig.  (6)  shows  the  conditions 
for  dead  load,  snow  load,  and  one-third  wind  load.  Design  methods  similar  to  those  developed 
in  the  preceding  chapter  for  the  design  of  the  top  chord  will  be  used  for  the  design  of  the  columns. 
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The  area  of  the  section  will  be  determined  by  the  moment  and  the  direct  stress,  and  the  design 
of  the  details,  such  as  the  lacing  and  the  riveting  of  the  main  angles,  wiU  be  determined  by  the 
shear.     The  area  of  the  section  will  be  determined  after  which  the  details  will  be  designed. 

The  loading  conditions  for  which  the  column  is  to  be  designed  are:  (a)  compression,  13,420 
lb.;  moment  36,500  ft.-lb.;  shear,  3650  lb.;  and  (b)  compression  15,447  lb.;  moment,  12,167 
ft.-lb.;  shear,  1217  lb.  In  this  case  it  will  be  best  to  assume  a  section,  and  then  compare  the 
area  required  as  determined  from  eq.  (3)  of  Art.  158  of  the  preceding  chapter  with  the  area 
furnished  by  the  assumed  section. 

AMome  a  column  section  composed  of  four  angles  connected  by  ladng,  arranged  as  shown  in  Fig.  201  (c).  This 
tectioQ  must  be  made  quite  wide  in  the  plane  of  the  truss,  in  order  to  resist  the  bending  moments.  It  must  have  a 
width  along  the  axis  A'A  such  that  the  allowable  ratio  l/r  >■  125  will  not  be  exceeded,  where  /  *  one-half  the  total 
height  <3i  the  oolumn.    This  is  founded  on  the  assumption  that  the  base  of  the  column  is  flat  and  that  it  is  rigidly 


Table  2. — Design  of  Mbmbebs 
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Gross 
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84 
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0.638 
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16.000 
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tutooed  to  the  fouad»tions.  It  ii  alao  Hiumcd  tlKt  tbe  top  ol  the  colu 
in  ric.  210.  It  these  i:ondi(iDiu  kn  not  rcB]i»d  the  fall  heifht  of  tl 
■uIDptioD,  the  leut  ■Uo»tLble  r  -  >j  X  20  X  12/126  '  O.M  in.  As 
Ulbownm  Fie.  £01  (c).  The  ruJiiu  of  (yntioa  for  the  siii  A- A  i*  f o 
ul.Min.  From  «q. 
Fig.  201{<:).  ud/,  - 
CMC  (>•) 


[■  held  in  line  by  an  b*v«  atrttt,  M  alioirti 
Dlumn  m«(  ba  UMd.  On  the  above  aa- 
e  four  3H  X  3  X  Ha-io  uigle*  plaeed 
to  be  G.53  in.,  uid  that  for  the  aii*  B-B 


3B.aoo  X  12  X  0.26 
■*"        16.000  X  B.i3< 


-  0.93  +  G.60  -  e.6t 


13,720 


lS.0t 


-  -  1.18  +  1.87  -  3.00  on.  ii 


The 


Ibo  be  iDTeetifat«d  for  eolurnik  action  in  the  pl^ne  of 
-  13.000  -  70  X  240/1.03  -  10,040  lb.  per  eq.  in., 
oUon  is  therefore  aniple,  u  the  area  provided  is  4  X 
ditions.  it  will  be  Mjoptcd. 
nt  of  the  lacing,  or  other  eonneetJon.  I>etween  the  m 

tt-hncB  ia  30fi0  lb.,  : 


le  anglea  compoeinc  the  ecJiimn  lection,  wiD 
depend  upon  tbe  smouiil  ol  shear  to  be  carried.  As  shown  in  Fig.  201  (a),  the  maiimum  shear  to  be  carried  on  the 
pDrtioQ  □[  the  coLuma  belDw  the  knes-bivec  is  SOAO  lb.,  and  above  tbe  knee-brace,  the  shear  is  7300  lb.  Aaauma 
that  single  lacing  of  the  lonn  shown  in  Fig.  202  (a)  is  to  be  used.  Below  tbe  knes-brace.  srhere  the  shear  is  SSfO 
lb.,  the  itren  on  a  lacing  bar  is  33M)  X  see.  4S*  -  5710  lb.  The  rivets  will  be  shop  riveU  in  bearing.  In  ord«  to 
meet  the  requirements  for  bearing,  the  lacing  bar  must  be  K  >>>.  tiuok:  the  rivet  value  will  then  be  M2S  lb.,  whicb 


Thei 


it  the  lacing  bar  is  determined  by  its  strength  as  a  eoli 
between  the  ansles,  the  unsupported  length,  I,  maf  be 
1,  I  -  M  X  fl  X  see.  46"  -  6.38  in.  Assuming  tba  la< 
ktion  is  r  -  d/12  -  0.280  d  -  0.108  in.,  and  I/r  -  B 


nd  »■  a  tension  member.  Since  the  bar 
]  as  half  of  the  total  lenrtb.  or.  as  ehoWD 
ar  to  be  a  2H  X  H-in.  section,  the  least 
The  allowable  working  streea  is  16.000 

-  70  X  58.3  -  11.780  lb.  per  sq.  in.,  and 
the  an*  required  b  6710/11.730  -  D.40  aq. 
in.     The  assumed  seotion  provides  2  X  0.37S 

-  0.7S  sq.  in.  For  a  working  stnss  of  13,000 
lb.  per  sq.  in.  in  tension,  tb«  area  required  ia 
6710/16,000  -  0.253  sq.  in.     Deducting  one 

net  area  is  0.75  -  0.33  -  0.42  eq.  in.  Since 
tbe  assumed  smtjolt  is  standard  it  win  be 
adapted,  although  it  is  a  little  larger  than 
required. 

The  stress  in  the  lacing  ban  above  the 
knee-braee  will  be  7300  X  sec.  45"  -  10.340 
lb.  Two  rivets  will  be  requimi  in  the  end  of 
each  lacing  bar.  as  shown  in  Fig.  202  (b).     In 

lacing  bars.  This  is  often  done  when  more 
than  one  rivet  is  required  In  the  end  ol  eacb 


Vi.  from  which,  I  =  r*/V. 
lb.  per  rivet.      Sube^tuting  I 

plate  should  be  connected  s> 

chapter  on  Splices  and  ConDi 


o.  202.  value 

Taking  moments  about  ■  rivet,  we 
Huming  a  H-in.  plate,  the  riveto  will  be  in  bearing  and  will  have  a  val 
ise  values  in  the  above  equstioD,  X  -  6625  X  0.0/7300  -  6.03  in.  Ia 
he  used.  Where  the  detail  shown  in  Fig.  <d)  is  used,  the  web  plate  and 
hown.  As  the  web  plate  is  assumed  to  carry  shear  only,  two  raws  of  ri< 
pticc  is  to  he  designed  lot  moment  as  well  for  shear,  tbe  principles  gi 
ions — Steel  Members  must  be  used. 


Fig.  202  (e)BhowB  a  common  detail  for  the  bfise  of  a  column  where  fixed  or  psrtifilly  fixed  end 
conditions  are  BMiuned.  A  sole  plate,  generally  about  ^  in.  thick,  is  riveted  to  angles  fastened 
to  the  main  angles  of  the  column.  Anchor  bolts  imbedded  in  the  concrete  or  masonry  founda- 
tions are  placed  between  pairs  of  anchor  angles.  These  bolts  are  tightened  up  against  plat« 
washers  resting  on  top  of  the  anchor  angles.  The  anchor  bolta  are  placed  in  the  plane  of  the 
moment  to  be  resisted.  It  the  stresses  are  small,  one  bolt  on  eachsideof  the  base  of  the  column 
is  sufficient,  but  where  large  Btreases  are  to  be  resisted,  two  bolts  are  used  on  each  aide. 
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The  conditions  for  which  anchor  bolts  are  usually  designed  are  shown  in  Fig.  203.  Forces  P  and  /f  are  deter- 
mined from  Fig.  196  (e),  which  shows  the  portion  of  the  column  below  the  assumed  point  of  inflection.  The  deflec- 
tion A  is  so  small  compared  to  the  other  distances  that  it  can  be  neglected.  As  shown  in  Fig.  203,  the  forces  tend 
to  tip  the  column  about  point  ii.     Taking  moments  about  A 

Mo  ■■  Hh  —  Pd/2,  where  Af  •  ■■  overturning  moment. 

Anchor  bolts  are  usually  designed  on  the  assumption  that  they  resist  all  of  ^he  overturning  moment.  If  <  » 
distance  from  point  A  to  the  anchor  bolt. 

Stress  in  anchor  bolt  ■>  Mo/t  (1) 

In  some  eases  i  is  taken  as  the  distance  between  anchor  bolts.    No  calculation  of  the  compressive  stress  in  the 
concrete  or  masonry  under  the  base  is  made  in  this  method.    It  is  assumed  that  if  the  compressive  stresses  foun 
by  dividing  the  load  to  be  carried  by  the  area  of  the  base  is  kept  small,  the  added  stresses  due  to  overturning  will 
not  exceed  allowable  limits. 

In  Fig.  204  there  is  shown  the  conditions  for  an  approximate  analysis  of  the  stresses  in  the 
anchor  bolts  and  the  compression  on  the  foundations.  The  general  principles  upon  which  the 
method  is  based  and  the  assimiptions 

I 


made  are  similar  to  those  used  in 
determining  the  bearing  pressures  on 
the  base  of  a  retaining  wall,  as  given 
in  the  chapter  on  Retaining  Walls. 
In  the  case  imder  consideration  the 
additional  assumption  is  made  that 
when  the  overturning  moment  is 
such  as  to  cause  tension  on  any  part 
of  the  base,  that  tension  is  taken  up 
by  the  anchor  bolts. 

Hg.  204  (a)  shows  the  lower  portion  of 
the  column  with  forces  in  position  as  de- 
iermined  from  Fig.  196  (e).  The  action  of 
these  forces  on  the  base  of  the  column  can 
be  represented  by  a  moment  M  and  a  force 
P,  as  shown  in  Fig-  204  (b).  These  can  be 
represented  by  the  load  P  placed  at  a  dis- 
tance «  from  the  center  of  the  base,  where 


1^ 


lA 


2^1 


Fio.  203. 


<tHin|tttmt  M 


(c) 


M/P 


(2) 


The  stresses  on  the  base  can  be  divided  into 
two  parts;  one  part  due  to  the  effect  of  P, 
and  the  other  due  to  M.  These  stresses  are 
shown  in  Figs,  (d)  and  (e)  respectively.  The 
resultant  stress  on  the  base  is  the  sum  of 
these  stresses,  and  is  given  by  the  expression 


'mf/f 


M0^ 


y Anchor  botf 


U 


Tension 


Fig.  204. 


p  -  P/M  (1  ±  6e/d) 


(3) 


where  the  several  terms  have  the  values  shown  in  Fig.  204. 

It  can  be  shown  that  if  e,  as  given  by  eq.  (2),  is  less  than  J/6,  the  stresses  across  the  base  are  entirely  com- 
pression, as  shown  in  Fig.  (/),  and  where  e  is  greater  than  d/6,  tension  exists  on  a  part  of  the  section,  as  shown  in 
Fig.  {s)*  From  similar  triangles  in  Fig.  {a)  it  can  be  shown  that  the  portion  of  the  base  covered  by  the  compressive 
stresses  is 


^-  12  0  +-j)-  r2(7  +  «) 


(4) 


The  unit  compressive  stress  on  the  foundations  is  given  directly  by  eq.  (3).  To  determine  the  total  tension  in  the 
anchor  bolts,  assume  the  total  tension  is  taken  by  the  anchor  bolt.  This  tension,  T,  is  represented  by  the  volume 
of  the  tension  stress  diagram,  which  is 


lpwX(d-^)b-|^(6^    -l)(d-x) 
24«W         V 


(6) 


For  tiie  case  under  consideration,  it  will  be  found  from  Table  1  and  from  Fig.  198  that  P  »  13,420  lb.  and  M  » 
3650  X  6  <-  18,250  ft.-lb.  <-  219.000  in.-lb.     These  values  occur  in  the  leeward  column. 

The  details  of  the  column  base  are  shown  in  Fig.  202.    For  a  column  section  of  the  dimensions  shown  in  Fig. 
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201,  a  sole  pUte  9  in.  wide  and  20  in.  Ions  will  be  required.     These  dimensions  will  be  assumed  for  a  trial  seotion. 
From  eq.  (2),  e  »  219,000/13,420  -  16.3  in.;  and  from  eq.  (4),  with  6  -  0  in.,  and  d  »  20  in., 

20«        /-    .    6  X  16.3> 


*-': 


UO 


') 


12.05  in. 


12  X  16.3V      '  20 

The  maximum  compressive  stress  on  the  foundation  is  given  by  eq.  (3)  as 

6  X  16.3> 


P/-    ,    Qe\      13.420/ 
bd\    "*"    dy"9X20\ 


1  + 


20 


-^  ■■  442  lb.  per  sq.  in. 


Assumins  a  concrete  foundation,  this  fiber  stress  is  allowable,  for  the  working  compressive  stress  in  concrete  is 
usually  given  as  650  lb.  per  sq.  in.     The  stress  in  the  anchor  bolt  is  given  by  eq.  (5)  as 


24eVd  / 


13,420  X20/6  Xi6.3 


-0* 


10,480  lb. 
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24  X  16.3  V     20 

Since  there  is  considerable  initial  tension  in  the  anchor  bolts  due  to  the  fact  that  they  are  screwed  up  ti;ht 
when  the  structure  b  erected,  and  since  the  overturning  of  the  column  tends  to  add  to  the  initial  tension,  it  is  best 
to  specify  low  working  stresses  for  anchor  bolts.  An  allowable  stress  of  10,000  lb.  per  sq.  in.  will  therefore  be 
used.  The  required  area  of  anchor  bolt  is  then  10.480/10,000  *>  1.05  sq.  in.  From  the  handbooks  a  l^-ii^-  round 
rod  provides  an  area  of  1.054  sq.  in.  at  the  root  of  thread. 

Anchor  bolts  should  be  imbedded  in  the  concrete  to  a  depth  such  that  the  bond  stress 

developed  will  equal  the  strength  of  the  bolt.  In  this  case  20 
diameters  of  the  bolt,  or  27^  in.,  will  be  required.  If  a  plate  is 
used  connecting  the  ends  of  the  bolts,  as  shown  in  Fig.  210,  the  im- 
bedment  need  not  be  as  great  as  calculated  above.  All  details  of 
the  column  base  and  anchorage  are  shown  on  the  general  drawing 
of  Fig.  210. 

The  method  of  analysis  given  above,  while  not  exact,  is  accurate 
enough  for  all  practical  purposes.  A  more  exact  analysis  can  be 
made  by  taking  into  account  the  relative  deformations  of  the  steel 
anchor  bolt  and  the  masonry  foundation.  If  the  foundation  is  made 
of  concrete,  the  methods  of  analysis  given  for  Bending  and  Direct 
Stress  in  Sect.  1  can  be  used.  By  this  method  the  stresses  in  the 
concrete  will  be  found  to  be  a  little  greater  than  those  given  above, 
and  the  stress  in  the  anchor  bolt  will  be  slightly  less  than  before. 

The  foundations  for  the  columns  are  designed  by  the  methods  given  in  the  chapter  on 
Retaining  Walls.  The  total  moment  to  be  carried  at  the  base  of  the  foundation  is  Hlh  +  d) 
as  shown  in  Fig.  205.  Maximum  pressures  on  the  soil  can  be  determined  by  the  same  principles 
as  explained  above  for  the  case  shown  in  Fig.  204.  Eq.  (3)  will  give  the  desired  pressures.  By 
trial  the  width  of  base  can  be  made  of  the  width  required  to  give  the  desired  stresses. 

166.  Design  of  Joints. — The  principles  governing  the 
design  of  the  joints  are  the  same  as  used  in  the  preceding 
chapter.  Field  splices  will  be  provided  at  joints  g  and  e  of 
Fig.  197.  The  columns  will  be  field  spliced  to  the  truss  at 
joint  a,  and  the  knee-brace  will  be  field  spliced  at  both 
ends.  Field  splices  will  also  be  placed  at  corresponding 
points  on  the  right-hand  side  of  the  truss.  From  the 
shearing  and  bearing  values  given  in  Art.  163,  the  single 
shear  value  of  a  shop  rivet  is  4420  lb.,  and  the  bearing 
value  on  a  ?^-in.  plate  is  6626  lb.  Corresponding  values 
for  field  rivets  are  3310  and  4420  lb.,  respectively.  Where 
a  member  is  subjected  to  tension  and  compression,  the  con- 
necting rivets  are  to  be  determined  for  the  greater  stress. 

All  joints  will  be  practically  the  same  as  for  the  truss 
designed  in  the  preceding  chapter,  except  joints  /  and  a.  At  joint  /  the  knee-brace  must  be 
connected  to  the  gusset  plate.  As  a  field  splice  is  to  be  provided  and  since  the  rivets  are  in 
bearing  on  a  %-in.  plate,  the  rivet  value  is  4220  lb.  The  maximum  stress  in  the  knee- 
brace  is  13,000  lb.  compression,  and  13,000/4420  =  3.08  rivets  are  required;  three  will  be 
used.  To  provide  for  these  rivets  the  gusset  plate  at  /  will  be  enlarged,  as  shown  on  the 
general  drawing,  Fig.  210. 


FiQ.  206. 
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Fig.  206  ahowH  the  conditions  at  joint  a.  Membere  a-b  and  a-/  are  connected  by  shop 
rivets,  and  the  column  is  Connected  by  field  rivets.  From  Table  1,  the  maximum  stress  in  the 
upper  end  of  the  column  is  16,030  lb.  Hence  16,030/4420  =  4  rivete  are  required.  Fig.  206 
shows  6  in  place. 

The  cunditiimt  At  the  foot  of  th«  knee-brsoe.  when  it  ia  conDMtsd  to  ths  golumn.  ue  thowD  in  Fi«.  207.  Thtce 
fidd  rivBts  an  requEnd  in  tlis  end  uf  tbe  knee-brace,  (he  ume  number  M  nleulated  for  thii  member  Bt  ioint  /. 
Two  lornu  of  connections  to  the  colunin  are  ihown  in  Fig.  207.  In  Pis.  <a}  it  *bowD  *  form  toed  wbeD  the  column 
b  Uoed  above  ud  below  the  knee-bnce.     Extra  riveU 

the  coltimn  in  order  to  aeaure  a  oentral  oannection  for 
the   koee-braoe,    tbue   avoiding  eiceea  atreooeA  due   to 

Fit.  207  (ft]  ahowt  a  detail  in  which  a  plate  ia  used 
above  the  knee-brue  because  of  heavy  ahean  which  can- 
not be  provided  for  hf  mcaoa  of  Uciog.  In  this  detail 
tbe  knee-brace  ie  connected  to  the  column  by  meang  of 
a    pair   of  short  angles  riveted   to  tbe  column  angles. 


Jeeted  to  a  dinct  pull,  and  are  in  tension.     From  Table  .  , 

l.themaximumtenaionintheknee-bnceisfesOlb.     As  ("''  W 

shown,  S  rivets  are  provided  to  take  the  component  of  p,g    207 

the  tensan  petpeBdlouUr  to  the  column,  which  la  4950  X 

84/111,8  -  4lB01b.     The  direct  leoaion  on  each  rivet  ia4ie0/8  -  S20  lb.,  which  can  aafely  be  carried  by  the  riveta. 

When  large  strcMea  in  tsnson  are  to  be  carried  by  the  rivets,  turned  bolts  ihould  be  mbetituted  for  the  rivets 

Tie.  202  (d)  abows  another  detail  for  this  joint.  It  is  a  combisstion  of  ths  forou  shown  in  Figs.  202  (o1  and 
(b)  As  shown  in  Fig.  202  Id)  the  guBet  plale  and  the  web  plaie  are  connected  by  ■  small  plate,  by  means  of  which 
the  iheai  is  transmitted  across  the  joint.  Where  a  web  plate  ia  uaed  in  Fig.  206  in  place  of  lacing,  a  similar  plate 
must  be  provided.  In  the  case  under  considention,  the  web  plate  is  auppoeod  to  provide  only  (or  the  shearing  atres- 
■et.  For  large  columns  the  web  plate  is  often  designed  to  carry  momeDt  as  well  as  sheer.  The  connection  between 
web  sad  gussst  plate  must  then  be  designed  for  shear  and  moment,  as  explained  in  the  chapter  on  Bplicc*  and 
CoonectloDB — Steel  Members. 

167,  DeBlgn  of  Girts. — ^It  will  be  assumed  that  the  sides  and  ends  of  the  building  are  to  be 
covered  with  corrugated  steel  backed  with  a  suitable  anti-condensation  lining.  The  siding 
will  he  apported  hy  girta  composed  of  rolled  aectiona.  As  stated  in  Art.  163,  the  unit  wind 
pressure  will  be  taken  as  20  lb.  per  sq,  ft.,  and  the  working  stress  in  the  girts  will  be  16,000  lb. 
per  sq.  in. 

The  principles  governing  the  design  of  the  girts  are  similar  to  those  given  for  the  design  ol 
purlins  in  the  chapter  on  Design  of  Purlins  for  Sloping  Roofs  in  Sect.  2.  The  girts  are  to  be 
designed  for  a  vertical  load  due  to  the  weight  of  the  girt  and  the  aiding  and  its  lining,  and  a 
horizontal  load  due  to  the  wind  pressure.  Corrugated  ateel  of  No.  24  gage  will  be  used  for  the 
siding.  From  the  data  given  in  the  chapter  on  Roof  Trusses — General  Design,  thesidiug  weighs 
1.3  lb.  per  sq,  ft,,  and  the  allowable  safe  span  is  4.5  ft.  It  will  be  convenient  in  this  case  to 
divide  the  height  of  the  building  into  six  spaces,  placing  the  girts  *%  =  3  ft.  4  in.  apart.  On 
the  sides  of  the  building  the  columns  are  spaced  15  ft.  apart,  and  the  wall  area  carried  by  each 
girt  is  15  X  ZM  ~  fiO  aq.  ft.  Assuming  that  the  anti-condensatioa  lining  is  composed  of  two 
layers  of  He-in-  asbestos  paper  and  two  layers  of  tar  paper  backed  by  poultry  netting,  all  of 
which  weighs  about  1,31b.  per  sq.ft.,  the  weight  of  aiding  and  lining  ia  1.3  +  1.3  —  2,6  lb.  per 
sq.  ft.,  and  the  total  load  per  foot  of  girt  ia  2.6  X  3.33  =>  S.66  lb.  The  wind  load  per  foot  of 
girt  ia  20  X  3.33  ■=  66.7  lb. 

As  shown  in  the  chapter  on  Roof  Trusses — General  Design  and  in  Fig.  210,  girta  are  often 
made  from  channel  sections  placed  with  the  web  perpendicular  to  the  aiding,  and  they  are  at^ 
tached  to  the  columns  by  rivets  in  the  flanges  of  the  channel.  When  so  placed,  the  diacussion 
given  in  the  chapter  on  Unsymmetrical  Bending  in  Sect,  1  shows  that  the  channel  presents  its 
ajda  of  least  moment  carrying  capacity  to  the  action  of  the  vertical  loads.  To  relieve  the  heavy 
bending  atresses  thus  induced,  tie  rods  can  be  used  extending  vertically  to  the  eave  strut,  or 
running  [diagonally  from  the  top  girt  to  the  upper  ends  of  the  columns.  It  is  not  always 
possible  to  use  tie  rods  due  to  interference  with  openings  in  the  walls  for  doors  and  windows. 
When  tie  rods  are  used  it  is  reasonable  to  assume  tliat  the  girt  takes  the  horizontal  load,  and  that 
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6e.7/b 


4J/n' 


Force  Diagram 


Fig.  208. 


the  tie  rods  provide  for  the  vertical  loads.     Two  designs  will  be  made,  one  with  tie  rods,  and 
the  other  without  tie  rods,  assuming  the  girt  to  be  a  beam  under  unsymmetrical  loading. 

AsBuming  that  tie  rods  are  used,  and  that  the  girt  takes  only  the  horisontal  wind  preesure,  the  total  uniformly 
distributed  load  to  be  carried  by  a  girt  is  50  X  20  »  1000  lb.  The  moment  to  be  carried,  assuming  simple  beam 
conditions,  'i»  M  "  H  Wl  '^  1000  X  15  X  ^^s  -  22.500  in.-lb.  For  a  working  stress  of  16.000  lb.  per  sq.  in., 
the  section  modulus  required  is  I/c  -  M/f  -  22.500/16,000  -  1.41  in.«  If  the  least  width  of  the  section  be  limited 
to  Mo  of  the  span  in  order  to  avoid  excessive  deflection,  the  minimum  allowable  girt  section  is  a  5-in.  6.5-lb.  channel 
section.  The  siie  of  the  tie  rod  can  be  determined  by  the  methods  given  in  the  chapter  on  Design  of  Purlins  f<n- 
Sloping  Roofs  in  Sect.  2. 

Consider  now  the  case  where  tie  rods  are  not  used  and  the  girt  is  subjected  to  unsymmetrical  bending.  Assume 
a  &-in.,  8-Ib.  channel  section  as  a  girt.     The  total  vertical  weight  of  siding,  lining,  and  girt  is  then  8.06+  8.00    » 

16.66  lb.  per  foot  for  each  girt.  As  given 
above,  the  horisontal  wind  load  per  foot  of 
girt  is  66.7  lb.  The  resultant  of  these  loads, 
as  shown  by  the  force  diagram  of  Fig.  208.  Is 
69.0  lb.  Two  cases  will  be  considered,  (a) 
moment  due  to  resultant  load  of  09.0  lb.  per 
ft.  of  girt,  and  (6)  moment  due  to  vertical 
loading.  For  case  (a)  the  moment  to  be 
carried  is  69  X  15  X  ^H  -  23,280  in.-lb.,  and 
Si  -  M/f  -  23,250/16,000  -  1.45  in.«,  and 
for  case  (6)  M  -  16.66  X  15*  +  ^H  -  5,G30 
in.-lb.,  and  St  -  5630/16.000  -  0.352  in.« 
These  values  of  8i  and  <Si  are  plott^  in 
amoimt  and  direction  to  scale  in  Fig.  208  (6).  In  the  same  figure,  the  S-Polygon  of  a  6-in.,  84b.  channel  is  shown, 
constructed  by  the  methods  explained  in  the  chapter  on  Unsymmetrical  Bending  in  Sect.  1.  Since  the  {dotted 
values  fall  inside  the  S-line  for  the  assiuned  channel,  the  section  is  satisfactory,  and  it  will  be  adopted. 

In  practice,  girt  sections  are  used  which  are  considerably  smaller  than  the  section  arrived  at  in  this  design. 
Where  theory  and  practice  differ,  as  they  do  in  the  case  under  consideration,  the  designer  must  rely  upon  bis 
experience  and  judgment  in  making  a  choice  of  the  sections  to  be  used  for  the  girts.  In  this  case,  theory  will  be 
assumed  to  govern,  and  the  adopted  details  will  be  as  shown  in  Fig.  210. 

168.  Design  of  Bracing. — The  design  of  the  bracing  will  be  governed  by  the  adopted  ar- 
rangement,  which  in  turn  is  governed  by  the  layout  of  the  building.  A  general  discussion  of 
the  form  of  bracing  for  buildings  composed  of  knee-braced  bents  has  been  given  in  Art.  129. 

To  illustrate  the  general  methods  for  the  design  of  the  bracing  of  a  knee-braced  building, 
it  will  be  assumed  that  the  structure  under  consideration  in  this  chapter  consists  of  7  bays  of  15  ft. 
each,  as  shown  in  Fig.  209.  Two  arrangements  of  bracing  are  shown  in  Fig.  209.  In  Fig.  (a) 
(b)y  and  (c),  the  framing  for  the  end  of  the  building  consists  of  vertical  posts  to  which  the  girts 
are  attached.  Bracing  in  the  plane  of  the  top  chord,  the  bottom  chord,  and  the  planes  of  the 
colimms  is  provided  for  two  pairs  of  trusses.  Wind  loads  from  the  ends  of  the  building  are 
brought  to  the  lateral  trusses  by  means  of  rigid  bracing.  Unbraced  bents  are  connected  by 
means  of  a  line  of  struts  at  points  g  and  g'  of  Fig.  197,  by  struts  at  the  eaves,  and  by  a  line  of 
struts  at  the  ridge. 

Figs.  209  (c),  (/),  and  (g)  show  an  arrangement  wherein  knee-braced  bents  are  placed  at 
the  ends  of  the  building.  These  end  bents  are  made  the  same  as  the  others,  so  that  future 
extensions  in  the  length  of  the  building  are  readily  made.  The  figures  show  the  position  of 
the  other  bracing.  As  the  design  methods  for  the  two  arrangements  are  similar,  detailed  calcu- 
lations will  be  given  only  for  the  arrangement  of  Figs,  (a)  to  (d)  inclusive.  Both  of  the  arrange- 
ments for  end  bracing  shown  in  Fig.  209  are  used  in  practice.  The  arrangement  of  Figs,  (a)  to 
(c)  is  probably  cheaper  than  the  one  shown  in  Figs,  (e)  to  (^),  for  in  the  first  arrangement  all  of 
the  members  are  simple  beams  composed  of  rolled  sections,  such  as  I-beams  or  channels. 
Very  little  shop  work  is  required  on  these  members.  In  the  second  arrangement,  the  same 
amount  of  shop  work  is  required  as  for  the  other  knee-braced  bents,  for  all  are  made  alike. 
This  shop  work  costs  several  times  as  much  as  that  for  the  first  arrangement.  The  ease  with 
which  the  building  can  be  extended  is  about  the  same  in  both  cases.  When  the  entire  end  of  the 
building  is  to  be  opened  at  certain  times,  the  second  arrangement  is  preferable. 

In  general  the  design  of  the  bracing  for  a  structure  composed  of  knee-braced  bents  con- 
sists in  the  determination  of  the  wind  loads  applied  to  the  sides  and  ends  of  the  building,  and  in 
the  provision  of  bracing  of  suitable  size  so  located  as  to  transmit  the  applied  loads  to  the  founda- 
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lions  of  the  atmcture.  The  knee-br&oed  bents  provide  the  proper  reustance  to  wind  on  the 
sides  and  roof  of  the  structure.  Provision  for  these  loads  has  already  been  made  in  the  design 
of  the  preceding  articles.  In  the  first  arrangement  shown  in  Fig.  209,  diagonals  placed  in  the 
plane  of  the  ends  of  the  structure  provide  for  the  loads  not  carried  directly  by  the  knee-braced 
bents.  All  wind  loads  applied  to  the  ends  of  the  building  are  provided  for  by  the  bracing  shown 
in  Figs.  (6)  and  (c),  or  in  Figs.  (/)  and  (e). 

In  the  uTSDsement  at  cDd'fnir 
mpported  by  tbe  louiidaUoD  at  tba 
CKTM.  abown  by  the  dmihed  line 
from  A  to  A;  and  by  a  nft«r  at 
tfae  rool  Un*.  Theae  bsuua  an  to  , 
ba  dcncued  to  carry  the  wind  loadi  ~ 
brou^t  to  them  by  the  aiding. 
Tbe  dead  load  efleot,  which  ia  a 
rsrtical  load.  )i  entail  and  can  be 
necleatcd.  Aa  shown  in  Fig.  (a). 
the  end  of  tiie  building  is  divided 
into  four  equal 'petta  of  I2.S  ft. 
aaich  by  Tartical  beam*.  Connd- 
erins  each  nrtical  member  aa  a 
ainiple  beam  supported  by  tbe 
foundation  and  the  atrut  A-A,  the 
effective  apas  ii  20  ft.  If  the 
redu»d  wind  loadins  of  20  lb.  per 
■q.  ft.  i*  used,  the  load  to  be  oairied 
per  foot  of  vertical  height  ia  20  X 
12,S  -  2S0  lb.,  and  the  bending 
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<  12  -  150,000  in.-lb. 
For  a  mdt  atren  ol  le.OOO  lb  per 
>q.  In.,  which  eoneepoiHls  to  Uw 
reduced  wind  load  d1  20  lb.,  as 
atatcd  in  Art.  163,  the  section 
Dwduloa  requlffid  is  f/c  -  U/f  - 
IM.OOO/ie.OOO- fi.SBin.l  From 
the  steel  hand  booka.a  7-Id.,  IS-lb. 
I-beam  is  required.  The  same 
seeUon  will  be  used  tor  all  mem- 
bers.     The   rafter  A-E-D  it  de- 

the   total  load  to  be  carried  by 
the  roof. 

Tbe  euot  diatribution  of  the 
wind  load  brought  to  the  end  of 
the  building  between  the  bracing 
in  the  plane  of  tfae  roof  and  the 
plane  of  the  lower  chord  is  inde- 
lorminale.  It  will  be  aseumed 
that  the  load  on  the  lower  halt  of 
the  building  is  oanied  directly  to 
the  foondatioos.  In  Fig.  (d),  the 
an*  under  cooaidentioD  ia  that  Fio.  209. 

below  the  Une  a-a.    The  balance 

of  the  loads  will  be  assumed  ss  carried  at  pobta  A,  B,  C,  D,  and  E  in  proportion  to  the  areaa  tributary  to  these 
points.  Jlf.  M)  shows  the  aaeumed  diatribudon  of  areas.  The  numben  show  the  sreaa  tributuy  to  the  eevenU 
points.    At  20  lb.  per  eq.  ft.,  the  lusde  brought  to  the  several  paints  are  ea  shown  on  Fige.  {b)  and  (c).     The  load 

plane  of  the  top  chord.  If  this  bracing  be  aaaumed  to  be  eompoeed  of  members  capable  of  carrying  teaaton  only, 
there  are  four  memben  In  position  to  take  tbe  load.  The  stress  in  esoh  member  is  then  laoo  X  aeo  «/4.  where 
t  ~  angle  which  tfae  member  raaliea  with  the  direction  of  the, wind.  In  thia  case  the  panels  of  bracing  extend  over 
twDpanetaotthetopchord,  Drl4rt.,Bnd  thetrusseaarelSlt.  apart.  Therelore.  sec  «  -  (U>  +  IG>}^/15-I.37. 
Thaatreain  the  nwmbenol  the  upper  panel  ofbracingia  then  1660  X  1.37/4  -  5361b. 

The  bracing  in  the  lower  psDcts  of  the  top  chord  bmdai  must  carry  the  loads  at  points  E  and  D  at  Fig.  (a),  or 
1S«0  +  TSO -(- 780  -  31201b.  Aa  before,  four  members  carry  this  load,  and  the  stress  in  each  member  is  3120  X 
1.37/4  -  1070  lb. 


m 

Tbp  Chord  and  Column  Bracing 
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iDditioD.  of  Art.  lei.  »  eufficient 

(or  nil  member..     The  i 
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■hovD  in  Fi«.  2ia 

Th«  lokda  utina  oa  the  bn 

cine  u>  the  plane  ol  the  lower  cfaoi 

rd  are  shown  in  Fig.  (t). 

.     Tba- lo«b  are  diatrt- 

bul«d  to  the  bndus  by  mevu  i 

it  itnite  coDDecUnf  points  B,  C  i 

mdb,  c.     Aa  the  load* 

are  aniaU,  the  (iie  of  the 

etnit*  wiU  bo  determined  by  l/r 

•  ie.6ft.     Aithettrewia 

u<  very  .DuU  it  ■>  reuonBble  to 

^ow  ■  muimum  v.lue  of  l/r  - 

176.     Thrnr- 18,5X12/176-  1.34  in.     From 

M.-in,«i«lee  with  the 4-in,le«.« 

para  ted  by  a  M -in.  epaot 

htveanrof  I.Sin.    Thia 

D  the  one  mod  in  pnctice.     For  t 

ho  ume  nuoni  ai  givei 

1  at  the  doM  of  Art.  167, 

u  Bhown  in  Fis.  210. 

Thel«Ml.tpoiDtBcofFi».  ( 

c)  i.  brought  lo  (h>>  point  (ron,  joi 

Dts  B  and  C  by  the  utruj 

laCcaodBr.     From  the 

*een  that  the  two  etrute  Cc  eiioh 

treae  panllel  to  the  lowl 

Pia.  210.— Oeneral  drawing  ot  fcoee-braced  roof  Iruai. 

whioh  ia  equal  to  one-half  ol  tba  load.  Similar  njndiiiona  hold  (or  atruta  Bb  and  Be  at  joint  B.  Therefon  the  bad 
broufht  to  point  C  i>  K  (3060  +  3,280)  -  3070  lb.  Aaauming  that  the  diagooala  cany  tension  only,  and  that  the 
loada  are  carried  by  the  diaganali  in  both  aeta  of  brscins,  the  elreee  in  membera  b-d  is  H  X  3S70  X  bed  «  -  3180  ]b. 
The  mbimum  ki^Uod,  which  ia  a  Z>i  X  2  X  H-ia.  angle,  will  furnish  BufR<:ient  area.     The  linea  of  ntruta  conDectini 

on  as  need  for  atrula  Cc.  etr. 

toad  lo  be  carried  by  each  aet  of  column  bracing  i>  8120  lb.  AaeuDiimi  tbsl  mcmbera  uke  tenaion  only,  memben 
a-6  each  have  a  BtroH  of  hi  X  8120  X  »ec  »  -  7SS0  lb.     A  2M  X  2  X  >i-in.  angle  wiU  provide  euffident  area.     In 

of  a  cle<-ia.     Some  deaignera  conaider  roda  preferable  lo  rolled  ahapee  beeauac  the  erection  in  the  field  ia  aomewhat 

The  cave  atrut,  ifaawu  in  Fig.  210.  ia  compoeed  of  four  angles  laced  to  form  a  rigid  member.     Aa  a  rule  thete 
memben  are  not  dceigned  (or  any  definite  itree>.  but  are  made  up  to  answer  l/r  conditions. 

Complete  details  of  the  structure  designed  in  the  preceding  articles  are  given  on  the  general 
drawing  of  Fig.  210. 
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ARCHED  ROOF  TRUSSES 
By  W.  S.  Kinnb 

189.  Fonn  of  Arch  Trusses. — Roof  trusses  of  the  type  designed  in  the  preceding  chapters 
do  not  in  general  provide  an  economical  structure  for  spans  exceeding  100  ft.  A  more  econo- 
mical type  of  roof  truss  for  long  span  trusses  is  provided  by  the  arch  type.  As  stated  in  Art. 
121  of  the  chapter  on  Roof  Trusses-General  Design,  an  arch  is  a  type  of  framed  structure  in 
which  the  reactions  at  the  supports  are  inclined  to  the  vertical  for  all  conditions  of  loading. 

Arches  used  for  roof  trusses  are  usually  classified  according  to  the  method  of  supporting 
the  structurci  and  according  to  the  type  of  framing.  As  arches  are  commonly  supported  at 
the  abutments  by  means  of  pins,  which  are  known  as  hinges,  the  method  of  supporting  the  arch 
is  designated  by  the  number  of  hinges  used.  In  Fig.  211  (a)  is  shown  a  type  of  arch  which  is 
rigidly  fastened  to  the 
abutments  without  the 
use  of  hinges.  This  is 
known  as  a  hingless  arch. 
Fig.  211  (6)  shows  a  type 
in  which  two  hinges  are 
used,  one  at  each  abut- 
ment. This  is  known  as 
a  two-hinged  arch.  In 
many  cases  a  third  hinge 
is  provided  at  the  crown 
of  the  arch,  as  shown  in 
Fig.  211  (c).  This  is 
-known  as  a  three-hinged 
arch. 

In  general,  two  types 
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of  framing  are  used  for  Two  Hinged  BmcedAlxh 
arched   roof  trusses.     A 
very  common  type  con- 
sists of  a  trussed  frame  work  of  the  form  shown  in  Fig.  211  (d).     This  type  is  known  as  a  braced 
arch.     The  tjrpe  sho^^n  in  Fig.  211  (e)  is  a  plate  girder  form,  which  is  known  as  a  ribbed  arch. 

An  arched  roof  truss  is  generally  designated  by  a  combination  of  the  t^o  classifications 
given  above.  Thus  Fig.  211  {d)  shows  a  two-hinged  braced  arch.  Other  classifications  are  in 
use,  but  the  one  described  above  is  widely  used,  and  is  comparatively  simple. 

A  great  variety  of  arch  trusses  have  been  used  in  building  construction.  Many  of  these 
structures  are  described  in  architectural  and  engineering  periodicals.  Examples  of  arches  of 
the  several  types  given  above  will  be  shown  and  the  relative  advantages  of  the  several  types 
will  be  discussed.  In  general  it  can  be  said  that  an  arch  truss  requires  rigid  and  practically 
un3rielding  abutments,  since  arches,  with  the  exception  of  the  three-hinged  tjrpe,  are  statically 
indeterminate,  and  any  yielding  of  the  supports  will  result  in  large  changes  in  the  stresses  in 
the  members. 

Hingeless  arches  supported  directly  on  the  abutments,  as  sho^n  in  Fig.  211  (e),  are  seldom 
used  in  building  construction.  This  type  of  arch  requires  absolutely  rigid  supports,  a  condition 
which  is  difiicult  to  realize  in  practice.  In  framing  the  roofs  for  some  of  the  recent  large  termi- 
nal railway  stations,  arch  trusses  are  used  which  are  riveted  to  heavy  columns.  As  the  columns 
are  very  heavy,  they  form  practically  a  rigid  support  for  the  arch,  which  can  therefore  be 
assumed  as  a  hingless  arch. 

The  two-hinged  type  of  arch  is  used  to  great  advantage  where  a  comparative  rigid  structure 
is  desired — as,  for  example,  where  floors  are  to  be  supported  over  a  large  drill  hall  or  auditorium. 
This  type  of  construction  is  used  in  the  Armory  and  Gjinnasium  of  the  University  of  Wisconsin. 
Fig.  212  shows  a  cross  section  of  the  building  and  the  general  outline  of  the  arch  trusses. 
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Two-hinged  arches  require  rigid  supports,  but,  due  to  the  fact  that  hinges  are  supplied  at 
the  supports,  the  moment  at  these  points  is  zero.  Hence  the  abutments  can  be  designed  for 
direct  thrust  only.  If  the  foundation  conditions  are  uncertain,  or  if  the  points  of  support 
are  considerably  above  the  ground  level,  as  shown  in  Fig.  212,  the  horizontal  components  of  the 
reactions  can  be  taken  by  means  of  a  tie  rod  which  connects  the  two  end  hinges.  In  Fig.212, 
this  tie  rod  is  placed  just  under  the  floor.  Where  tie  rods  are  used,  it  is  usual  to  anchor  one  end 
of  the  arch  to  the  abutments,  and  to  place  the  other  end  on  sliding  plates  or  on  rollers.  In 
this  way  the  abutments  can  be  designed  to  take  up  the  vertical  loads,  and  the  tie  rod  can  be 
designed  to  take  up  the  horizontal  forces. 

Three-hinged  arches  are  somewhat  more  flexible  than  arches  of  the  other  types,  and  are 
used  advantageously  for  structures  in  which  only  a  roof  load  is  to  be  carried.     Arches  of  the 


Fia.  212. — Section  ofj^m  and  armory, 
University  of  Wiaconsin. 
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three-hinged  type  are  statically  determinate — that  is,  all  stresses  can  readily  be  determined  by 
the  methods  of  simple  statics.  In  this  respect  they  have  a  great  advantage  over  the  other  types, 
as  the  work  required  in  stress  calculation  is  greatly  simplified. 

Many  three-hinged  arches  of  long  span  have  been  constructed  in  recent  years  for  use  in 
drill  haUs,  auditoriums,  and  exposition  buildings.  A  typical  three-hinged  arch  construction  is 
used  in  the  drill  hall  at  the  University  of  Illinois.  This  structure  is  described  in  the  Engr, 
News  for  Dec.  11,  1913,  p.  1182.  Fig.  213  shows  the  form  and  general  dimensions  of  the  arches. 
In  buildings  in  which  a  large  floor  is  surrounded  by  galleries,  the  members  of  the  arch  frame 
interfere  with  free  passage  along  the  gallery,  as  shown  in  Fig.  214.     This  difficulty  has  been 

avoided  in  certain  structures  by  placing  the  arch  on  cantilever  brackets  above 
the  gallery  level.  A  structure  arranged  in  this  manner  is  described  in  Engr. 
News,  vol.  63,  No.  18. 

The  spacing  of  arch  trusses  to  be  adopted  in  a  given  structure  should  be 
rather  wide.  Since  in  general  the  trusses  are  quite  heavy,  and  since  consid- 
erable shop  work  is  required,  the  cost  of  the  trusses  per  square  foot  of  covered 
area  is  large.  Therefore,  to  obtain  economical  conditions  a  wide  spacing  of 
trusses  must  be  used,  as  shown  by  the  discussion  given  in  the  chapter  on  Roof 
Trussefe — General  Design.  In  general,  a  truss  spacing  of  from  25  to  40  ft.  is 
used.  This  spacing  requires  the  use  of  framed  trusses  between  the  arches. 
These  trusses  act  as  purlins,  and  also  form  part  of  the  bracing  required  for  the  arches.  The 
design  of  the  purlins  and  the  roof  covering  is  carried  out  by  the  methods  used  in  the  preceding 
chapters. 

The  shape  of  an  arch  truss  is  generally  determined  by  the  architectural  features  of  the 
structure.  From  the  standpoint  of  the  structural  designer,  it  is  desirable  that  the  adopted  form 
of  the  arch  be  one  that  can  readily  be  laid  out.  This  assists  greatly  in  the  preparation  of  the 
stress  diagrams  and  the  working  drawings.  A  form  of  arch  whose  outline  is  composed  of  dr^ 
cles,  or  a  combination  of  circles,  is  desirable  from  this  standpoint. 


Fig.  214. 
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Suppose  that  in  a  given  case  it  has  been  decided  that  an  arch  composed  of  circles  is  to  be 
formed  to  pass  through  the  points  A^  B,  C,  D,  and  E  of  Fig.  215.  Suppose  further,  that  A B 
is  a  single  arc,  and  that  EC  is  composed  of  two  arcs  which  are  tangent  at  D.  Formulas  for  the 
determination  of  the  required  radii  will  now  be  given.  These  formulas  are  all  based  on  propo- 
sitions given  in  plane  geometry,  to  which  the  reader  is  referred  for  proofs. 

From  plane  geometry,  the  formula  for  the  radius  of  a  segment  of  a  circle,  for  which  the 
chord  and  the  rise  or  mid-ordinate  are  known,  is 

^■^  ,  Oi  chord)' +  (rbe). 

2  X  nse 

As  stated  above,  AB  is  the  arc  of  a  circle.  Fig.  215  shows  that  ^  chord  =  AK^  and  rise 
B  BK.  These  distances  can  be  scaled  from  a  layout  of  the  arch,  or  calculated  from  given  data. 
Hence, 

^  _  (AX)»  +  {BKY 

^  2BK 

In  the  same  way,  the  radius  of  the  arc  DC  is 

^' 2CL 

Since  arcs  DC  and  DE  are  tangent,  the  center  for  arc  DE 
lies  at  0,  a  point  on  radius  DF.  The  value  of  Rt  can 
be  calculated  by  methods  similar  to  those  used  above. 
In  general,  the  rise  of  the  arc  ED  is  so  small  that  it  can 
not  be  scaled  with  sufficient  accuracy.  However,  by 
measuring  the  vertical  and  horizontal  projections  of  the 
arc  DE  and  the  angle  a  included  between  the  radius  DF 
and  the  vertical,  easily  measured  distances  are  obtained.  ^  ^. 
For  the  distances  given  in  Fig.  215,  it  can  be  shown  that 

_  (^ilf )«  +  (MZ))« 

^'      "^JlfDcosa-EMsina 

Many  different  arrangements  of  web  members  are 
used  in  framing  a  braced  arch.  Two  common  methods 
are  shown  in  Fig.  215.  In  Fig.  (a)  the  web  struts  are 
placed  on  the  radii  of  the  chord  members.  In  some  cases 
the  radii  of  the  top  chord  are  used ;  in  others  the  radii  of 
the  lower  chord  are  used;  and  in  a  third  case  the  radii  of 
an  arc  half  way  between  the  two  chords  are  used.  Fig.  (&)  shows  a  case  in  which  these 
members  are  placed  in  a  vertical  position.  In  Figs,  (a)  and  (6),  the  other  web  members 
are  placed  at  about  45  deg.  to  the  struts.  The  panel  lengths  are  usually  arranged  so  that 
this  is  possible. 

The  adopted  arrangement  of  truss  members  wiU  depend  to  some  extent  on  the  type  of 
roof  framing  which  is  to  be  used.  If  the  purlins  are  seated  on  the  top  of  the  upper  chord  members, 
either  arrangement  can  be  used.  In  general  this  implies  comparatively  close  truss  spacing  so 
that  rolled  shapes  can  be  used  as  purlins.  If  deep  trussed  purlins  are  used,  it  is  desirable  that 
they  be  placed  in  a  vertical  position.  Hence  a  framing  with  vertical  members  is  best  adapted 
to  this  construction. 

170.  General  Methods  for  Determination  of  Reactions  and  Stresses. — The  several  types 
of  arch  trusses  will  be  considered  in  the  order  determined  by  the  difficulties  encountered  in  the 
determination  of  the  reactions.  This  order  is  (a)  three-hinged  arches,  (6)  two-hinged  arches, 
and  (c)  hingeless  arches. 

The  calculation  of  reactions  and  stresses  in  arch  structures  can  be  made  either  by  algebraic 
or  by  graphical  methods.  In  general,  graphical  methods  will  be  found  preferable,  for  the  calcu- 
lation of  the  lever  arms  of  members  and  forces  in  the  algebraic  method  requires  considerable 
time.  However,  in  many  cases  these  lever  arms  can  be  scaled  with  sufficient  accuracy  from  a 
large  scale  drawing  of  the  truss.     Under  such  conditions,  the  two  methods  require  about  the 
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same  amount  of  time.     In  the  work  to  follow,  algebraic  and  graphical  methods  will  be  given  for 

the  solution  of  reactions  and  stresses. 

170 (o)   Three-Hinged  Arches — Algebraic  Solution  for   Reactions. — Let    Fig. 

216  represent  a  three-hinged  arch  acted  upon  by  loads  Pi,  Pi,  and  Pa.     It  will  be  assumed 

that  the  points  of  support,  A  and  B,  are  on  the  same  level.     The  reactions  at  A  and  B  can  be 

represented  by  two  forces  at  each  point. 
^\^  ^ip  Let  Hif  Vi,  and  Ht,  Vt  represent  these 

forces,  assumed  to  act  as  shown. 

At  first  sight,  the  problem  is  inde- 
terminate, for  there  are  four  imknown 
forces  present,  and  as  stated  in  the 
chapter  on  "  Principles  of  Statics"  in 
Sect.  1,  only  three  unknowns  can  be  de- 
termined in  any  system  of  non-concur- 
rent forces.  However,  the  introduction 
of  a  hinge  at  the  crown,  point  C  of  Fig. 
216,  reduces  the  moment  at  this  point  to 
zero.  This  can  be  made  the  basis  of  an 
independent  moment  equation.  This 
equation,  together  with  three  equations 
derived  from  the  conditions  of  equilibrium 
stated  in  Sect.  1,  gives  rise  to  four  inde- 
pendent equations  from  which  the  reac- 
tions can  be  completely  determined. 

In  applying  the  four  independent 

equilibrium  conditions  stated  above  to 

the  determination  of  the  reactions  for 

the  conditions  shown  in  Fig.  215,  it  will 

_  be   foimd   convenient   to   use  moment 

equations  about  A  and  By  considering 

the  structure  as  a  whole.     Thus  from  moments  about  B  equal  zero,  we  have 


a 


from  which 


Vil  -  Pic  -  P,<i  -  P,c  =  0 
PiC  -h  Pad  +  PiC 


Fi  = 


In  general  terms,  this  can  be  written 


V,- 


I 

I 


(1) 


where  P  =  any  load,  xb  =  distance  from  moment  center  B  to  this  load,  and  I  =  span  length. 
The  value  of  Vt  is  given  by  a  similar  moment  equation  about  point  A,  from  which 

^Pxa 


V^  = 


I 


(2) 


where  Xa  is  the  distance  moment  center  A  to  any  force  P. 

On  separating  the  structure  at  the  crown,  as  shown  in  Figs.  216  (c)  and  (&),  and  writing  a 
moment  equation  about  point  C  for  the  forces  on  the  left  of  the  point,  as  shown  in  Fig.  (6),  we 
have 

+  Via  -  Pik  -  PiQ  -  Hih  =  0 
from  which 

In  the  same  way,  moments  about  C  for  loads  on  the  right  side  of  the  crown,  as  shown  in  Fig. 
(c)  gives 

+  Vib  -Pt!  -  Hth 
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(4) 
mation  of  vertical  and 


If  a  check  on  the  calculated  values  ia  desired,  it  can  be  obtained  by  sui 
horisontal  forces  for  the  atructure  as  a  whole,  from  which 

Vi  +  Vi  ^-sp  cos  e 

H,  -  H,  -  IP  Bins 
where  P  is  any  load  and  6  is  the  angle  between  the  line  of  action  of  this  load  and  the  vertical. 
Eqa.  (1)  to  (4)  are  general,  and  can  be  appUed  to  any  loading  conditions. 

Id  calculating  the  stresses  in  the  members  of  the  arch,  the  forces  acting  on  the  crown  hinge 
must  also  be  known.  These  forces-  can  readily  be  calculated  for  the  conditions  shown  in 
Figa.  (6)  and  (c)  as  soon  as  the  reactions  at  A  and  B  are  known. 

Graphical  Solution  for  Reacliong. — Graphical  solutions  are  based  on  the  fact  that  zero 
moment  at  any  point  indicates  that  the  resultant  of  the  forces  on  either  side  of  the  point  must 
pass  through  the  point  in  question.  Since  the  equilibrium  polygon  for  any  set  of  forces  re- 
presents the  action  line  of  resultants  on  either  side  of  a  point,  and  since  hioges  are  assumed  to 
be  points  of  zero  moment,  it  follows  that  the  equilibrium  polygon  drawn  for  the  loads  on  any 
three-hinged  arch  must  be  made  to  pass  through  the  three  hinges.  The  solution  of  this  problem 
therefore  consists  in  passing  an  equilibrium  polygon  through  three  given  points.  Several 
typical  eases  will  now  be  considered  in  detail. 

The  work  which  follows  is  based  on  the  principles  of  graphic  statics  given  in  the  chapter  on 
"Principles  of  Statics"  in  Sect.  1.  Therefore,  construction  methods  for  the  several  cases  will 
be  explained,  but,  in  general,  proofs  will  not  be  given  for  these  methods. 
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SinfU  Load  vn  On*  Arm  o/  Arch.— Via-  217  (a)  ihon  a  single  veitital  li»d  on  ono  srm  of  i  three-hinged  •rch. 
Knee  there  ii  no  lotd  on  the  right-huil  ■rm  ai  tfaa  arch,  and  SDce,  u  aUled  above,  the  line  of  the  leaultant  foreei 
pun  thiouili  the  hinges,  it  ia  evident  that  the  reaction  Ki  acta  along  a  line  conae<^tinE  hicgee  B  and  C.  aa  ahoTU  in 
Fig.  (a).  Alao,  lince  the  atructure  under  connderatian  ii  in  equilibrium,  the  nvultant  of  the  forcea  on  either  aide 
of  Io«d  P  muat  meet  at  a  point  on  the  action  line  of  the  load.  Therefore,  to  find  the  direction  and  poaitian  of  the 
action  line  of  Ai,  produce  CB  to  an  iuteracction  with  P  at  point  D,  and  oonneet  A  and  D,  The  poeitiun  and  direc- 
tion  of  Ai  and  Rt  are  then  eomplelcly  determined. 

To  delirmiae  the  amount  of  Ri  and  ff,.  cooelruct  a  force  diatnm,  aa  shown  in  Fig.  (.b).  Ijiy  off  force  P  in 
amount  and  direction  to  any  BcaLe.  By  the  method!  ^ven  in  Rect.  1.  resolve  P  into  componrnU  parallel  to  the 
•etlon  lines  of  Ri  asd  Bi  as  given  in  Fig.  (a).     The  regulting  foroea  give  the  amouol  of  the  reaction*,  vhich  are  thus 
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completely  determined.  If  values  corresponding  to  ^i,  Ht,  Vi,  and  Vs  of  the  algebraic  solution  are  required,  they 
can  be  determined  by  resolving  Ri  and  Ri  of  Fig.  (b)  into  their  vertical  and  horisontal  components.  Fig.  (c)  shows 
the  construction  for  a  single  horisontal  load. 

Any  Set  of  Leads. — Fig.  218  (a)  shows  a  three-hinged  arch  supi>orted  by  hinges  &i  A,B,  and  C  and  carrying  a  set 
of  inclined  loads  on  both  arms.  The  complete  solution  for  the  reactions  at  A  and  B  reqiiires  that  an  equilibrium 
polygon  for  the  applied  loads  be  passed  through  points  A,  B,  and  C. 

Construct  a  force  diagram  for  the  applied  loads,  as  shown  in  Fig.  (b).  As  the  location  of  the  pole  for  an  equili- 
brium polygon  which  will  pass  through  the  three  given  points  is  not  known  as  yet,  it  mxist  be  determined  by  cut- 
and-try  methods.  Assume  any  pole,  as  O*  and  construct  the  corresponding  equilibrium  polygon.  All  lines  for 
this  construction  are  shown  dotted  in  Figs,  (a)  and  (h).  In  constructing  this  equilibrium  polygon  begin  with  the 
string  which  passes  through  the  point  C.  For  the  case  imder  consideration,  this  is  a  line  praUel  to  (Xd  of  Fig.  (b). 
Assume  for  the  piirpoee  of  this  discussion  that  the  applied  loads  are  divided  into  two  groups  composed  of  the 
loads  on  either  side  of  point  C — that  is,  loads  Pi,  Pt,  and  P»  in  one  group,  and  P*  and  Pt  in  another  group.  Deter^ 
mine  the  direction  of  the  resultants  of  these  two  groups.  The  line  a-d  of  Fig.  (b)  shows  the  direction  of  the  resultant 
for  Pt,  Pt,  and  Pa,  and  d-f  shows  the  direction  of  the  resultant  of  Pa  and  Ps.  In  Fig.  (a)  draw  through  points 
A  and  B  lines  A-D  and  B-E  parallel  respectively  to  a-d  and  d-f  of  Fig.  (b).  Draw  the  closing  lines  D-C  and  C-B 
of  Fig.  (a)  for  the  eqxiilibrium  polygons  for  the  two  groups  of  loads,  pole  at  O'.  In  Fig.  (b)  draw  lines  O'P  and 
(yO  parallel  respectively  to  D-C  and  C-B  of  Fig.  (a).  This  operation  is  equivalent  to  assuming  that  the  two 
groups  of  loads  are  suppoj^ted  at  points  A  and  C  for  the  left-hand  group  and  C  and  B  for  the  right-hand  group  by 
forces  parallel  respectively  to  the  resultants  of  the  two  groups. 

From  the  principles  of  graphic  statics  it  can  be  shown  that  while  an  infinite  number  of  equilibrium  polygons 
can  be  drawn  through  point  C  for  the  conditions  shown  in  Fig.  (a),  in  all  of  these  polygons  the  last  string  for  each 
group  and  its  closing  line  will  always  intersect  on  the  lines  A-D  and  B-£  produced.  Also,  points  F  and  G  of  Fig.  (&) 
locate  the  points  of  load  divide  for  A  and  C  and  for  C  and  B.  The  position  of  these  points  will  always  be  the  same, 
regardless  of  the  assumed  location  of  the  pole  O'.  Hence  these  statements  also  hold  true  for  the  equilibrium  polygon 
for  points  A,  B,  and  C,  in  which  case  the  intersection  of  last  strings  and  closing  lines  is  at  points  A  and  B  of  Fig.  (a). 
Therefore  A-C  and  C-B  are  the  closing  lines  for  the  required  equilibrium  polygon. 

To  locate  the  pole  of  the  required  equilibrium  polygon,  in  Fig.  (b)  draw  F-O  and  G-O  parallel  respectively  to 
A-C  and  C-B  of  Fig.  (a).     Point  O  of  Fig.  (b),  the  intersection  of  F-O  and  G-O,  is  the  required  pole,  and  the  full  line 

equilibrium  polygon  of  Fig.  (a)  passing  through  points 

ff  A,  B,  and  C  is  the  required  pob'gon.     The  direction 

^  of  the  reactions  at  A  and  B  is  given  by  the  last 

strings  of  the  true  equilibrium  polygon,  produced,  as 
shown  in  Fig.  (a),  and  the  amount  of  the  reactions  is 
given  to  scale  by  the  corresponding  forces  in  Fig.  (b). 
Thus  Ri  is  given  by  0-a  and  Ri  is  given  by  0-f. 

Where  the  applied  loads  consist  of  a  set  of 
parallel  vertical  forces,  all  of  which  are  unequal  in 
amount,  the  construction  of  Fig.  218  can  also  be 
used.  A  somewhat  simpler  solution  for  this  case  is 
shown  in  Fig.  219.  Again  assume  any  pole,  as  CK  of 
Fig.  (b),  with  a  pole  distance  Hi,  Construct  the 
corresponding  equilibrium  polygon,  which  is  shown 
by  the  dotted  lines  of  Fig.  (a).  Measure  the  vertical 
intercept,  y  of  Fig.  (a),  between  the  string  of  the 
equilibrium  polygon  which  passes  through  C  and  the 
closing  line  D-E. 

From  the  principles  of  graphic  statics,  the  mo- 
ment at  C  due  to  vertical  forces  to  the  right  or  left 
of  the  point  is  Me  >■  Hiy,  where  Hi  «  pK>le  distance, 
and  y  —  the  intercept  described  above.     Consider  the 
^  corresponding    value     for    the   equilibrium    polygon 

through  points  A,  B,  and  C,  as  shown  in  Fig.  (a).  The  dosing  line  is  A-B,  the  equilibrium  polygon  passes  through 
point  C,  and  the  vertical  intercept  is  A,  the  height  of  the  crown  hinge  above  hinges  A  and  B.  If  H  he  the  true  pole 
distance,  Me  *-  Hh.  But  the  moment  about  C  is  a  constant  and  hence  the  two  cxi^ressions  for  Mc  given  above 
are  equal.  Therefore  on  equating  the  above  expressions,  the  value  of  the  true  pole  distance  //  can  be  determined. 
On  equating  these  expressions  for  Me  we  have,  Hiy  "  Hh,  from  which,  H  —  Hi  y/h. 

A  graphical  solution  of  this  equation  is  shown  in  Fig.  (c).  To  obtain  the  value  of  H^  draw  a  set  of  rectangular 
axes  2-4  and  2-5.  On  the  horizontal  axis  lay  off  the  value  of  Hi,  represented  to  s^alc  by  2-5,  and  on  the  vertical 
axis  lay  off  y  —  1-2  and  A  —  2-4.  Connect  points  4  and  5,  and  through  1  draw  1-3  parallel  to  4-5.  Then  H  » 
2-3  to  the  same  scale  as  Hi. 

To  locate  the  true  pole  O  in  Fig.  (b)  draw  through  O'  a  line  (X-F  parallel  to  D~E,  the  closing  line  of  the  dotted 
equilibrium  polygon  of  Fig.  (o).  Then  F  of  Fig.  (b)  is  the  load  divide  point  of  the  vertical  forces.  Since  the 
closing  lines  for  all  poles  intersect  at  point  F,  and  since  the  closing  line  for  the  true  polygon  is  a  horizontal  line, 
draw  from  point  F  a  horizontal  line.  Lay  off  on  this  line  P-0  "  H  of  Fig.  (c).  Point  O  of  Fig.  (b)  is  the  required 
pole.  The  full  line  equilibrium  polygon  of  Fig.  (a)  shows  the  required  polygon.  Fig.  (a)  shows  the  direction  of 
the  reactions  Ri  and  Rt.     Their  amount  is  shown  in  the  force  polygon  of  Fig.  (b). 
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A  special  case  of  vertical  loading,  in  which  equal  loads  are  ssrmmetrically  placed  with  respect  to  the  crown 
hinge,  is  shown  in  Fig.  220.  Since  the  loads  are  symmetrically  placed  with  resjMct  to  the  crown  hinge,  only  hall 
of  the  force  diagram  and  the  equilibrium  polygon  need  be  drawn,  since  it  is  known  that  the  string  of  the  equilib- 
rium passing  through  point  C  is^horiiontal,  as  shown  in  Fig.  (a).  Draw  the  force  polygon  for  the  loads  to  the  left 
of  the  center,  as  shown  in  Fig.  (b).  Choose  a  pole  O'  and  draw  an  equilibrium  polygon,  shown  by  the  dotted  lines 
of  Fig.  (a).  Since  the  loads  are  symmetrical  about  the  center  hinge,  the  closing  line  of  the  trial  equilibrium  polygon 
will  always  be  horisontal.    Therefore,  O'  is  to  be  located  on  a  horisontal  line  through  point  d  of  Fig.  (b). 

Produce  A-E  and  D-B,  the  first  and  last  strings  of  the  equilibrium  polygon,  to  an  intersection  at  point  E  of 
Fig.  (a).  This  locates  a  point  on  the  line  of  action  of  the  resultant  of  the  group  of  loads  to  the  left  of  the  crown 
hinge.  This  resultant  is  shown  by  A  in  Fig.  (o).  Since  the  first  and  last  strings  of  the  equilibrium  polygons  drawn 
for  any  pole  will  meet  on  the  line  of  action  of  i2,  the  true 
pole  can  be  located  as  foUows:  Throtigh  hinge  C  draw  a 
horisontal  line  C~F  intersecting  R  at  F.  This  line  is  the 
last  string  of  the  equilibrium  polygon  through  points  ul, 
B,  and  C.  Connect  A  and  P.  The  resulting  line  is  the 
first  string  of  the  required  equilibrium  i>olygon.  To 
locate  the  true  pole  in  Fig.  (b),  draw  from  point  a  a  line 
a-O  parallel  to  A-F  of  Fig.  (a).  Then  O  of  Fig.  (b)  is  , 
the  required  pole.  The  true  equilibrium  polygon  is 
shown  by  the  full  lines  of  Fig.  (a). 
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Fig.  221  shows  a  three-hinged  arch  supporting  loads  on  one  arm  only.  Since  there  are  no  loads  on  the  right- 
hand  side  of  the  arch,  the  direction  of  Rt  is  given  at  once,  as  shown  in  Fig.  (a).  The  construction  is  the  same  as  for 
Fig.  217.  Construct  the  force  polygon  of  Fig.  221(b)  and  choose  a  pole  O'.  Since  the  last  string  of  the  equilibrium 
polygon  must  pass  through  C  and  B  of  Fig.  (a),  the  pole  O"  of  Fig.  (b)  should  lie  on  a  line  c-(y  which  is  parallel  to 
B-C  of  Fig.  {a).  Construct  an  equilibrium  polygon  for  pole  (y.  This  polygon  is  shown  by  the  dotted  lines.  Begin 
the  construction  at  point  D,  and  close  on  a  line  A-Et  which  is  parallel  to  the  resultant  of  the  applied  loads.  Line 
a-c  of  Fig.  (b)  shows  the  direction  of  tliis  resultant.  The  closing  line  of  the  polygon  is  E-C  of  Hg.  (a).  In  Fig.  (b) 
locate  the  load  divide  point  O  by  drawing  through  (y  a  line  (y-O  parallel  to  the  closing  line  E-^  of  Fig.  (a).  To 
locate  the  true  pole  for  an  equilibrium  polygon  through  A,  B,  and  C,  draw  from  point  O  of  Fig.  (b)  alineG-O 
parallel  to  -A-C  of  Fig.  (a).     Point  O  of  Fig.  (b)  is  the  required  pole.     Fig.  221  shows  the  required  construction. 

This  problem  can  also  be  solved  by  assuming  that  the  applied  loads  are  replaced  by  their  resultant  R.  As- 
sume a  p<^  (y  as  before  and  locate  the  position  of  R.  The  construction  is  shown  by  the  dotted  lines  of  Fig.  221 
(a).  By  appljring  the  same  principle  as  used  in  Fig.  217  for  a  single  load,  the  direction  of  Ri  can  be  determined  at 
once,  for  the  action  line  of  Ri  meets  the  resultant  A  at  F,  a  point  on  B-C  produced. 

Temperature  Stresses. — The  changes  in  the  reactions  and  stresses  in  three-hinged  arches 
due  to  changes  in  temperature  are  so  small  compared  to  the  stresses  due  to  direct  loading  that 
they  are  usually  neglected.  It  will  be  found  that  the  effect  of  temperature  changes  on  a  three- 
hinged  arch  is  to  increase  or  decrease  the  dimensions  of  the  structure,  depending  on  the  character 
of  the  change.  If  the  abutments  are  rigid,  the  change  in  dimensions  results  in  a  rise  or  fall  of 
the  crown  hinge.  If  a  tie  rod  is  used,  so  placed  as  to  be  protected  from  sudden  changes  of  tem- 
peratvire,  a  similar  effect  is  produced.  When  the  tie  rod  is  exposed  to  the  same  conditions  as 
the  truss,  both  crown  and  abutment  hinges  change  position.  However,  it  can  be  shown  that 
assuming  very  severe  conditions,  the  changes  in  dimensions  will  not  exceed  0.1%  of  the  princi- 
pal dimensions  of  the  structure.    Hence  temperature  changes  can  be  neglected. 

170(6).  Two -Hinged  Arches. — The  reactions  at  the  points  of  support  for  any 
two-hinged  arch  can  be  represented  by  four  unknown  forces,  as  shown  in  Fig.  222  for  a  braced 
arch.     Since  there  are  four  unknowns  to  be  determined  and  only  three  independent  equilibrium 
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equations  are  available,  another  independent  condition  must  be  at  hand  from  which  a  fourth 
equation  can  be  formed.  In  structures  of  the  two-hinged  type,  the  fourth  condition  equation 
is  made  to  depend  upon  the  elastic  deformation  of  the  arch.  This  elastic  deformation  is  there- 
fore dependent  upon  the  form  of  the  arch,  the  sizes  of  all  members,  and  the  conditions  of  the 
end  supports.     Where  rigid  supports  are  provided,  an  equation  is  formed  which  states  that  the 

horizontal  movement  of  one  support  with  respect  to  the  other 
is  zero.  If  the  resistance  to  horizontal  forces  is  provided  by  a 
tie  rod  connecting  the  two  supports,  it  is  usual  to  anchor  one 
end  of  the  arch  truss  to  the  foundations  and  to  place  the 
other  end  on  rollers  or  a  sliding  plate.  For  this  construction 
the  movement  of  one  support  with  respect  to  the  other  is 
placed  equal  to  the  extension  of  the  tie  rod.  The  method 
outlined  above  will  be  applied  to  two-hinged  arches  of  the 
braced  and  ribbed  type. 

Reactions  for  a  Two-Hinged  Braced  Arch, — ^Fig.  222  shows 

a  two-hinged  braced  arch  with  a  tie  rod  connecting  the  hinged 

points  of  support.      It  will  be  assumed  that  support  B  is 

anchored  to  the  foundations  and  that  support  A  is  placed  on  rollers.     Assume  that  the 

structure  carries  the  loads  Pi,  Ps,  and  P|,  acting  as  shown.     Applying  the  three  conditions  of 

static  equilibrium  to  the  structure  of  Fig.  222,  we  have 

Vi  =  2PWn 
Vt  =  J.Pxa/1 


Fia.  222. 


(5) 


and 


Hi  -  H,  =  SPsin* 


(6) 


In  these  equations  P  =  any  load,  za  and  xb  ==  perpendicular  distance  from  any  load  to  A  and 
B  respectively,  $  =  angle  which  any  load  makes  with  the  vertical,  and  I  =  span  between  hinges. 
The  fourth  independent  equation  is  made  to  depend  upon  the  elastic  deformation  of  the 
arch.  As  stated  above,  the  movement  of  point  A  with  respect  to  point  £  is  to  be  placed  equal 
to  the  extension  of  the  tie  rod.  This  movement  can  be  calculated  by  methods  for  the  determi- 
nation of  the  deflection  of  framed  structures  given  in  standard  works  on  bridge  stresses. ^  From 
these  works,  the  deflection  of  any  point  in  a  framed  structure  is  given  by  the  formula 

where  D  =  deflection  of  any  point;  S  =  stress  in  any  member  due  to  the  applied  loads;  u  = 
a  ratio  which  is  equal  to  the  stress  in  any  member  due  to  a  1-lb.  load  appUed  at  the  point  whose 
deflection  is  desired  and  in  the  direction  of  the  desired  deflection;  I  =  length  of  any  member; 
A  =  its  area;  and  E  =  modulus  of  elasticity  of  the  material  of  which  the  structure  is  built. 

In  the  case  under  consideration,  the  tie  rod  is  a  tension  member.  Hence  the  movement  of 
point  il  is  to  the  left.  The  1-lb.  load  used  for  the  determination  of  values  of  ti  is  to  be  applied 
horizontally  at  point  A  and  acting  to  the  left.  It  is  assumed  that  the  tie  rod  is  removed  when 
values  of  u  are  calculated. 

Let  Hi  =  stress  in  the  tie  cod,  and  let  Af,  It,  and  Et  —  respectively,  the  area,  length,  and 
the  modulus  of  elasticity  of  the  material  for  the  tie  rod.  The  extension  of  the  tie  rod  under  a 
stress  H\  is  then  HiltAtEt.  Placing  the  extension  of  the  tie  rod  equal  to  the  horizontal 
movement  of  point  A,  as  given  by  the  general  equation  for  deflection,  we  have 


A/AE''  ^^'AtEt 


(8) 


In  this  formula,  S  is  the  stress  in  any  member  of  Fig.  222.  This  stress  can  not  be  determined 
until  Hi  is  known.  However,  S  can  be  expressed  in  terms  of  Hi  and  the  stress  in  any  member 
of  the  arch  of  Fig.  222  with  the  tie  rod  removed.  This  can  be  done  in  the  following  manner: 
Remove  the  tie  rod  and  calculate  the  stresses  in  all  members  of  the  staticallv  determinate  arch 
truss  thus  formed.     Let  S'  denote  this  stress  for  any  member.     Since  Hi  and  u  have  the  same 

1  See  Modern  Framed  Structures,  by  Johnson,  Bryan,  and  Tumeaure,  Parts  I  and  II. 
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line  of  action,  it  is  evident  from  the  definition  of  u  given  above  that  the  effect  of  H\  on  the  stress 
in  any  member  can  be  expressed  by  a  term  of  the  form  -Hiu.  The  minus  sign  is  used  because 
by  definition  the  1-lb.  load  acts  to  the  left  with  respect  to  point  A,  while  Hi  is  a  tension  and  there- 
fore acts  to  the  right  with  respect  to  point  A.  This  difference  in  direction  can  be  accounted  for 
by  the  use  of  a  minus  sign.     We  then  have 

S  -=  S'  -  Hiu  (9) 

Substituting  this  value  of  S  in  eq.  (8), 


\ae''-^'aeV^a;e^ 


Solving  this  equation  for  Hi,  the  stress  in  the  tie  rod  is  found  to  be 

H.  =  ^  f^-^^"  ,  (10) 

ZfAE  ^  AtEt 
In  substituting  in  eq.  (10),  close  attention  must  be  paid  to  the  signs  of  the  stresses  S'  and  u.  It 
will  be  best  to  use  plus  for  tension  and  minus  for  compression.  When  jSf'  and  u  are  multiplied, 
like  signs  result  in  plus  values,  and  unlike  signs  result  in  minus  values.  If  the  signs  have  been 
correctly  handled,  the  sign  of  the  result  will  indicate  the  direction  of  Hi.  A  plus  sign  indicates 
that  the  arrow  in  Fig.  222  acts  as  shown,  and  a  minus  sign  indicates  that  Hi  acts  in  the  opposite 
direction. 

With  ^.  (10),  and  eqs.  (6)  and  (6)  given  above,  the  reactions  can  be  determined  for  an  arch 
with  a  tie  rod.  If  the  hinges  are  supported  by  rigid  abutments,  the  effect  is  equivalent  to  a 
tie  rod  of  infinite  area.     For  this  condition,  the  term  U/AtEt  is  zero,  and  eq.  (10)  becomes 

SS'l 


V 


/« 


u 


t 


^AE 

Again,  if  no  tie  rod  is  provided,  and  if  the  abutments  do  not  provide  lateral  support,  A  <  can  be 
taken  equal  to  zero.  For  this  condition  the  denominator  of  eq.  (10)  becomes  infinite  and  hence 
Hi  ^  0,  or.  Fig.  222  is  a  simple  span. 

It  will  be  noted  in  eq.  (10)  that  the  value  of  Hi  is  dependent  upon  the  form  of  the  arch 
truss,  as  indicated  by  S',  u,  and  I,  and  also  upon  the  size  of  the  members,  as  indicated  by  A. 
Therefore,  before  Hi  can  be  determined  for  a  given  arch,  the  areas  of  the  members  must  be 
known,  or  they  must  be  assumed.  If  the  structure  to  be  designed  is  similar  in  size  and  loading 
conditions  to  an  existing  structure,  it  is  possible  to  draw  some  conclusions  regarding  the  probable 
size  of  members  for  the  proposed  structure.  When  this  information  is  not  available,  a  prelimi- 
nary design  can  be  made,  using  a  value  of  Hi  determined  on  the  assumption  that  all  members 
have  the  same  area.  Stresses  in  all  members  can  then  be  determined  by  methods  to  be  presented 
later  in  this  article.  After  the  stresses  have  been  determined,  members  can  be  designed  to  fit 
these  stresses.  Using  the  areas  thus  determined,  another  calculation  for  Hi  can  be  made,  the 
stresses  in  the  members  recalculated,  and  the  members  redesigned,  if  necessary.  Usually  it 
will  be  found  necessary  to  make  only  one  complete  design  following  the  preliminary  design. 

Effect  of  Temperature  Changes  on  a  Two-Hinged  Braced  Arch.  The  reactions  at  the  points 
of  support  of  the  two-hinged  arch  of  Fig.  222  due  to  changes  in  temperature  can  be  deter- 

-TIB  w  of  eq.  (10)  an  expression  for  the  change  in  the 

distance  between  points  of  support  due  to  the  given  temperature  change.  Assume  that  the 
structure  of  Fig.  222  is  supported  by  rigid  abutments  at  A  and  B.  Suppose  that  the  tempera- 
ture rises  t  degrees.  If  the  coefficient  of  linear  expansion  of  the  material  of  which  the  arch  is 
constructed  is  c  per  unit  of  length,  the  change  in  the  distance  from  AtoBis  +  ciZ.  HHt  denote 
the  horizontal  reaction  at  Aj  we  have  from  eq.  (10), 


^AE 


H.  =  --^—  (11) 
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The  plus  sign  is  to  be  used  for  a  rise  in  temperature,  and  the  minus  sign  is  to  be  used  for  a 
fall  in  temperature.  For  a  rise  in  temperature  Hi  and  H^  act  as  shown  in  Fig.  222;  for  a  fall 
in  temperature  they  act  in  opposite  directions.  It  is  to  be  noted  that  for  temperature  changes, 
7i  =  Fi  =  0,  and  that  Hi  =  H,. 

Where  a  tie  rod  is  used  which  is  protected  from  changes  in  temperature  due  to  the  fact  that 
it  is  under  ground  in  a  special  trough,  the  methods  for  the  calculation  of  the  reactions  are  the 
same  as  given  above.  In  this  case  the  temperature  change  t  must  be  based  on  the  known  or 
assumed  difference  in  temperature  between  truss  and  tie  rod.     The  denominator  of  eq.  (11) 

must  include  the  term   .   „  of  eq.  (10). 

At  tSt 

When  A  and  B  of  Fig.  222  are  connected  by  an  exposed  tie  rod,  for  which  temperature  changes 
are  exactly  the  same  as  for  the  rest  of  the  structure,  it  can  readily  be  seen  that  /f  i  =  0,  for  a 
temperature  reaction  exists  only  when  resistance  is  offered  to  the  tendency  of  the  framework 
between  A  and  B  to  expand.  Rigid  supports,  or  a  tie  rod  which  does  not  expand  as  much  as 
the.  frame  work  will  cau^e  a  temperature  reaction,  while  a  tie  rod  whose  expansion  is  equal  to 
that  of  the  frame  work  will  not  cause  a  temperature  reaction. 

The  temperature  change  to  be  used  in  the  calculation  of  Ht  of  eq.  (11)  varies  with  the  con- 
ditions. For  a  building  which  is  heated  and  is  not  subjected  to  sudden  changes  in  temperature, 
15  to  20  deg.  above  and  below  the  normal,  or  a  range  of  30  to  40  deg.  is  sufficient.  If  severe 
conditions  are  to  be  expected,  with  sudden  changes  of  temperature,  50  or  60  deg.  above  and  below 
normal,  or  a  range  of  100  to  120  deg.  should  be  specified. 

Ribbed  Arches  of  Two  Hinges, — Hinged  arches  of  two  hinges  are  seldom  used  in  building 
construction.  For  methods  of  calculation  for  structures  of  this  type  the  reader  is  referred  to 
standard  text  books  on  the  subject  of  arches. ^ 

170c.  Hingdess  Arches. — Hingeless  braced  arches  of  the  type  mentioned  in  Art. 
169  have  been  used  to  some  extent  in  building  construction.  Arches  of  the  hingeless  type  are 
used  extensively  in  bridge  work,  particularly  in  the  form  of  steel  or  reinforced  concrete  ribs. 
Since  the  essential  difference  in  the  bridge  and  roof  arch  of  the  hingeless  type  lies  in  the  applied 
loading,  the  reader  is  referred  to  standard  works  on  the  subject  of  steel  and  concrete  arches.* 

170d.  General  Methods  for  Determination  of  Stresses  in  Braced  and  Ribbed 
Arches. — Stresses  in  the  members  of  a  braced  arch,  or  in  the,  web  and  flanges  of  a  ribbed  arch, 

are  best  determined  by  graphical  or  semigraphical  methods. 
Algebraic  methods  can  also  be  used,  but  in  general  such 
methods  require  considerable  time  for  the  solution  of  the 
problem.  The  accuracy  of  the  results  obtained  by  the 
algebraic  methods  is  probably  somewhat  greater  than  is 
possible  by  the  use  of  graphical  methods.  However, 
graphical  methods  give  results  which  are  accurate  enough 
for  all  practical  purposes,  and  since  much  time  can  be 
saved  thereby,  especial  attention  will  be  given  to  graphical 
methods  in  the  work  to  follow. 

In  Art.   172  is  given  a  complete  solution  for  stresses 
A  detailed  discussion  of  the  methods  employed  is  given  in  connection 


FiQ.  223. 


in  a  three-hinged  arch, 
with  this  solution. 

The  stresses  in  an  arch  of  the  two  or  three-hinged  t3rpe  can  be  determined  as  soon  as  the 
applied  loads  and  the  reactions  at  the  supports  are  known.  In  general  the  principles  of  stress 
determination  are  similar  to  those  given  in  Sect.  1,  although  the  presence  of  inclined  reactions 
and  the  curvature  of  the  arch  rib  causes  slight  modifications  in  the  methods  of  calculation. 
While  the  arch  rib  is  essentially  a  curved  beam,  in  most  cases  the  depth  of  the  arch  rib  is  so  small 


^  Modem  Framed  Structures,  Part  II.    By  Johnson,  Bryan,  and  Turneaure. 

^  Modem  Framed  Structures,  Part  II.  By  Johnson.  Bryan,  and  Turneaure.  IMncipIes  of  Reinforced  Ckm- 
struction,  By  Turneaure  and  Maurer.  Reinforced  Concrete,  Part  III.  By  G.  A.  Hool.  Concrete  Engineers' 
Handbook  by  Hool  and  Johnson.  Steel  Roof  Trusses  Designed  as  Elastic  Arches.  By  W.  S.  Tait,  Enf/r.  Nev>9- 
Record,  Apr.  18,  1918. 
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compared  to  its  radius  of  curvature  that  the  internal  stresses  can  be  determined  without  appre- 
ciable error  by  the  methods  given  in  the  chapter  on  Bending  and  Direct  Stress  in  Sect.  1. 

An  algebraic  solution  will  be  given  for  the  conditions  shown  in  Fig.  223,  which  represents  a 
portion  of  an  arch  hinged  at  A  with  all  forces  in  position.  The  internal  stresses  are  repre- 
sented by  a  moment,  3/ ;  a  thrust,  7;  and  a  shear,  V,  These  internal  stresses  can  be  deter- 
mined by  summations  of  moments  and  of  vertical  and  horizontal  forces  taken  about  the  center 
of  gravity  of  the  section,  including  all  external  applied  loads  and  reactions.  Thus  from  Fig. 
223 

M  =  -^-Vix  -  Hxy  -  Pia  -  P,6  =  ZM  (12) 

If  ZV  =  Fi  —  Pi  cos  Bi  —  Pi  cos  Oi  and  ZH  ^  Hi  +  Pi  sin  $i  +  P^  sin  dt,  which  are  respect- 
ively the  simimations  of  vertical  and  horizontal  external  forces,  we  have 


r  =  (27)  sin  a  +  (ZH)  cos  a 


and 


(13) 
(14) 


V  =  (SF)  cos  a  -  (ZH)  sin  a 

where  a  b  the  angle  which  the  tangent  to  the  arch  axis  makes  with  the  horizontal. 

Having  given  the  internal  forces  acting  on  any  section,  the  fiber  stresses  can  be  determined 
from  the  expressions 

/i 
and 


^-1-^7 


(15) 


where  T  and  M  are  as  given  above;  /i  and  ft  —  the  fiber  stress  on  the  extreme  upper  and  lower 
fibers,  respectively;  ci  and  Ct  =  the  corresponding  distances  from  the  extreme  fibers  to  the 
center  of  gravity  of  the  section;  and  A  and  /  = 
area  and  moment  of  inertia  of  the  section  re- 
spectively. The  derivation  of  these  equations  is 
explained  in  the  chapter  on  Bending  and  Direct 
Stress  in  Sect.  1.  For  the  conditions  shown  in 
Fig.  223,  the  fiber  stresses  given  in  eqs.  (15)  are 
compressive.  If  on  substituting  in  these  equa- 
tions the  sign  is  reversed,  the  resulting  stresses 
are  tensile. 

A  graphical  solution  for  internal  stresses  is 
shown  in  Fig.  224.  This  solution  requires  the 
construction  of  the  force  and  equilibrium  polygons,  f^^ 
Fig.  224  shows  these  polygons  in  part  for  certain 
assumed  loads  and  reactions.  Since  the  string  R 
of  the  equilibrium  polygon  is  the  resultant  of  all 
fascee  on  either  side  of  the  section,  we  have 

M  =  Rd  (16) 

where  d  is  the  perpendicular  distance  from  R  to 
the  center  of  gravity  of  the  section  under  con- 
sideration.    This  moment  can  also  be  expressed  in  other  terms.     If  e  of  Fig.  (a)  represent  the 
distance  from  the  center  of    gravity  of  the  section  to  the  intersection  of  the  plane  of  the  section 
produced  and  the  line  of  action  of  Ry  and  if  i^r  =  component  of  R  parallel  to  a  tangent  to  the 
arch  axis  at  the  section  in  question,  then 

M  ^  Rre  (17) 

Again,  if  Rb  *  horizontal  component  of  Rj  and  y  =  vertical  distance  from  center  of  gravity  of 
section  to  line  of  action  of  /?,  as  shown  in  Fig.  (a),  then 

M  =  Rbv  (18) 

The  values  of  Rt  and  Rh  are  readily  determined  from  the  force  polygon  of  Fig.  (6)  by  resolving 
B  into  the  required  components.     Values  of  T  and  V  are  obtained  from  the  force  polygon  by 
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resolving  R  into  components  parallel  and  perpendicular  to  the  tangent  to  the  arch  axis  at  the 
section  in  question,  as  shown  in  Fig.  (6). 

Fiber  stresses  can  be  determined  by  the  use  of  eqs.  (15),  substituting  values  of  M  and  T 
as  determined  above.  These  equations  can  be  modified  some  what  and  the  fiber  stresses  can 
be  determined  from  the  values  of  T  and  e  of  Fig.  (a).  From  eq.  (17)  and  Fig.  (a),  Rt  -  T, 
and  hence,  M  —  Te,  Substituting  this  value  of  3/  in  eq.  (15)  and  also  noting  that  I  =  Ar*, 
where  A  »  area  of  the  section,  r  »  its  radius  of  gyration,  these  equations  can  be  written  in  the 
form 


'      A 
and  ^ 


/.-?('+?)i 


/; 


a 


!('-?)! 


(19) 


In  some  cases  the  desired  results  are  obtained  more  directly  by  the  use  of  eq.  (19)  than  by  the 
use  of  eq.  (15). 

The  graphical  methods  of  calculation  given  above  are  general  and  apply  to  all  t3rpe8  of 
arches.  However,  the  distances  d,  e,  and  y  shown  in  Fig.  224  (a)  are  often  so  small  that  they 
can  not  be  determined  with  the  desired  degree  of  precision.  Under  such  conditions,  the  mo- 
ments should  be  calculated  by  algebraic  methods,  using  eqs.  (12). 

Methods  of  stress  calculation  similar  to  those  outlined  above  can  also  be  applied  to  the 
braced  arch.  Fig.  224  (c)  shows  a  section  cut  through  any  panel  of  a  braced  arch.  To  deter- 
mine the  stress  Si  in  a  chord  member,  take  moments  about  point  A,  the  intersection  of  the  other 
members  cut  by  the  se<;tion.  Since  R  is  the  resultant  of  all  external  forces  to  the  left  of  the 
section,  we  have 

Si  =  Ra/b 

where  a  and  6,  respectively,  are  the  lever  arms  of  R  and  ^i,  as  scaled  from  the  drawing.  The 
stress  in  ^2  can  be  obtained  from  a  similar  equation  about  B.  If  members  Si  and  S2  intersect 
within  the  limits  of  the  drawing,  the  stress  in  Si  can  be  determined  by  moments  taken  about 
the  intersection  point.  If  they  do  not  intersect  within  the  limits  of  the  drawing,  a  resolution 
equation  can  be  taken  for  an  axis  perpendicular  to  one  of  the  chord  members. 

171.  Loading  Conditions  for  Arch  Trusses. — The  loads  to  be  carried  by  an  arch  roof  truss 
can  be  determined  from  the  data  given  in  the  chapter  on  Roof  Trusses — C^eneral  Design  by 
methods  similar  to  those  used  in  the  preceding  chapters  on  the  design  of  wooden  and  steel  roof 
trusses.  In  most  cases  the  slope  of  the  roof  surface  is  not  uniform,  as  in  the  cases  considered 
in  the  preceding  chapters,  for  it  is  made  to  conform  to  the  contour  of  the  top  chord  of  the  arch. 
As  the  wind  and  snow  loads  depend  for  their  value  on  the  roof  slope,  the  wind  and  snow  panel 
loads  for  arch  trusses  will  vary  with  the  location  of  the  panel  point.  An  application  of  the 
methods  of  calculation  is  given  in  the  problem  of  Art.  172. 

Formulas  for  the  weight  of  arch  trusses  which  will  apply  to  all  types  of  arch  structures  are 
not  available,  as  structures  of  this  type  vary  so  widely  in  form  and  in  class  of  service  that  suffi- 
cient consistent  and  reliable  information  has  never  been  collected  on  which  to  base  a  formula. 
In  general,  the  designer  must  draw  conclusions  regarding  the  probable  weight  of  the  arch  to  be 
designed,  either  from  existing  structures  of  the  same  size,  or  from  his  judgment  based  on  passed 
experience.  After  a  design  has  been  made,  based  on  an  assumed  dead  weight,  the  true  weight 
of  the  structure  should  be  calculated  and  the  assumed  weight  revised,  if  found  necessary. 
From  an  examination  of  the  weights  of  existing  arches,  it  was  found  that  the  weight  per  square 
foot  of  covered  area  may  be  anywhere  from  10  to  25  lb.,  depending  upon  the  span  length, 
spacing  of  trusses,  and  the  specified  loading  conditions. 

Maximum  stresses  in  the  members  of  arch  trusses  are  to  be  determined  for  loading  condi- 
tions similar  to  those  used  for  simple  roof  trusses.  In  general  the  following  loading  conditions 
are  used:  (a)  dead  load,  (6)  snow  load  on  left  side  of  roof,  (c)  snow  load  on  right  side  of  roof,(<i) 
snow  load  on  whole  roof,  (c)  wind  load  on  left  side  of  roof,  and  (f)  wind  load  on  right  side  of 
roof. 

In  combining  the  stresses  due  to  these  loads  in  order  to  obtain  maximum  stresses,  most 
designers  assume  that  snow  and  wind  loads  do  not  act  on  the  roof  at  the  same  time.     Otheni 
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assume  conditions  similar  to  those  used  in  the  preceding  chapters.  This  is  a  matter  on  which 
the  designer  must  use  his  judgment.  In  making  up  the  maximimi  stresses  in  the  members, 
the  dead  load  stresses  should  be  combined  with  the  snow  or  wind  load  stress  which  will  produce 
greatest  tension  and  greatest  compression  in  the  members.  It  must  be  remembered,  in  this 
connection,  that  the  wind 

and    snow  load  stresses  i ^ jf»  K^(^''V^^'^^^*^^^^  jj  ^^^ 

may   be    of    the    same  ^iiS^      \        ^  5e' 

character    as   the   dead  yy^XiP^  \  ^^*&§  ftS  i 

load  stresses,  or  they 
may  differ  in  character. 
In  the  latter  case,  if  they 
exceed  the  dead  load 
stresses,  a  reversal  of 
stress  will  occur.  This 
information  must  be  at 
hand  before  a  correct 
design  of  members  can 
be  made. 

172.  Determination 
of  Stresses  in  a  T3rpical 
Three-Hinged  Arch 
Truss. — ^The  methods  of 
stress  calculation  out- 
lined in  Art.  ITOd  will 
now  be  applied  to  a 
typical  three-hinged  arch 
of  the  dimensions  shown 
in  Rg.  226.  This  arch 
has  a  span  of  125  ft.,  c.  to 
c.  of  end  pins,  and  a  rise 
of  41%  ft.  The  type  of 
framing  adopted  divides 
the  truss  into  panels  of 
7.5  ft.,  as  shown  in  Fig. 
225.  Purlins  will  be 
placed  at  alternate  panel 
points.  The  distance 
between  trusses  will  be 
taken  as  30  ft.  It  will 
be  assumed  that  the  sides 
of  the  building  consist  of 
self-supporting  masonry  walls.  No  part  of  the  weight  of  the  walls  will  be  assumed  as  carried 
by  the  trusses.  It  will  be  assumed,  however,  that  the  roof  load  at  point  T>  of  Fig.  225  is  carried 
by  the  trusses. 

Dead  Load  Stre99ta. — The  dead  load  stresses  are  to  be  determined  for  the  weight  of  the  roof  covering  and  the 
weight  of  the  trusses.  It  will  be  assumed  that  the  roof  covering  consists  of  tile  or  slate  laid  on  2-in.  plank,  which 
are  supported  by  rafters.  These  rafters  will  be  assumed  to  be  placed  parallel  to  the  trusses,  and  will  be  assumed  to 
be  supported  by  purlins  of  the  type  described  in  Art.  174.  Design  methods  for  the  roofing  and  the  rafters  are  given 
in  the  chapter  on  Roof  Trusses — General  Design.  A  roof  covering  of  the  assumed  type  will  be  found  to  weigh 
about  20  lb.  per  sq.  ft.  of  roof  surface.  The  weight  of  the  trusses  is  determined  by  methods  outlined  in  Art.  171. 
It  will  be  assumed,  as  a  basis  for  a  preliminary  design,  that  the  weight  of  the  trusses  and  purlins  is  10  lb.  per  sq.  ft 
of  horisontal  covered  area. 

The  panel  loads  due  to  the  roof  covering  and  the  dead  weight  of  the  arch  will  be  assumed  to  be  concentrated 
at  the  p<»nt  of  attachment  of  the  purlins.  As  the  roof  load  is  given  in  pounds  per  sq.  ft.  of  roof  surface,  and  since 
the  ropf  area  tributary  to  the  purlins  depends  upon  the  slope  of  the  roof,  the  panel  loads  due  to  the  roofing  will 
rary.     Since  the  dead  weight  is  given  in  pounds  per  sq.  ft.  of  horisontal  covered  area,  the  part  of  the  panel  load  due 


Fxo.  225. — Truss  diagram — tsrpical  three-hinged  arch. 
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will  b«  the  1 
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It.,  at  ahowD  In  Fig.  22S. 

To  illiutrmtE  the  methodg  used  in  rBlculatiiiB  panel  losdB  from  I 
F  ol  Fifi.  225  «m  be  deurmiaed.  In  uilcuktirui  the  roof  area  trlbut 
E,  F,  and  O  are  joined  by  atraiEht  linea.  For  the  dlmen«iona  ahovu 
ft.     Ab  at&ted  above,  the  rooSog  weicbB  20  lb.  peraq.  ft,,  and  the  tnis 


lonlal  gi>BciD(  of  the  purling  ia  talien  u  15 

above  data,  the  dead  panel  load  for  point 
!  lo  potol  F.  it  will  be  aoumed  that  p<^ta 
n  Fi(.  Z2G,  B-f  -  ie.3  ft.,  and  ^-O  -  lfi.5 

are  apaced  3D  ft.  apart.     The  toofinc  panel 
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Id  sooitnicdiw  itma  diacruni  of  tha  Idnd  showD  in  Fisa.  228  to  220.  gntt  can  miut  be  nsed  Id  drawini  th* 
dJBjcruDB.  fot,  (o  bt  ooTTTct,  the  tUagmn  miut  elove,  Th&t  is.  Buppoae  tfaat  the  diasmn  u  be(un  at  pout  A  af 
Fie-  22S,  and  carried  forward  to  point  C.  If  the  diacnun  la  accurately  drawn,  the  multant  of  the  itnnea  in 
memben  ^22  and  1-22  at  joint  C  will  be  equal  to  Ri.  the  hinge  reaction  at  C.  In  Fi(.  2aS,  eiact  olceute  of  the 
mtttm  diagram  ie  obtained  when  the  horiiontsl  componcDis  of  1-22  and  0-22  an  equal  to  l-e,  and  wheo  point  22  ia 
direetly  over  point  21.     The  effect  of  cumulative  erro™  on  tho  cloaum  of  the  dia«nim  can  be  reduced  by  atartini 

point  C  and  clcaurc  made  on  the  part  of  tbe  diagram  already  drawn-     It  will  uaually  be  found  that  clcaioff  errore 
cao  be  reduced  by  this  method. 

Aecurate  eonatruction  of  atreaa  diagrama  ia  greatly  facilitated  if  the  truaa  diagram,  ahown  by  Pig.  22G,  ia  drawn 
to  a  larie  acale.  Thia  reaulU  in  long  Una,  from  whleh  tbe  alope  of  the  member*  can  readily  be  obtained.  If  a  amall 
nze  truaa  diacram  ia  used,  the  linea  are  ao  abort  that  an  accurate  determi nation  of  tbe  true  alopea  i*  Imjjoeaible. 
Tbe  etrcM  diagram  ahould  be  drawn  to  a  aeale  whieb  willreiuli  in  linea  which  can  be  drawn  with  Irianglea  not  ei- 
ceeding  about  the  12-in.  aiia.  Thia  avoida  inaocutaoiea  reeultiOE  from  linn  drawn  by  leveral  afailla  of  the  triangle, 
.^lao.  the  atreaa  diagram  ahould  be  located  aa  cloae  to  tbe  trun  dia- 
gram aa  poaaible,  in  order  to  avoid  tranaferring  linee  for  a  long  dia- 
tanee,  wbicfa  ia  certain  to  reault  in  inaccurate  work. 

It  11  beet  to  make  frequent  obecka  on  the  graphioal  worli  by 
meana  of  atraaeca  calculated  by  the  al^braio  method  aiplained  in 
Art,  l7Qa.  Streasee  in  chord  merabera  are  readily  calculated  by 
the  method  shown  in  Fig.  224(c].  and  form  a  convenient  check.  If 
the  graphical  and  algebraio  metboda  do  not  check,  it  ia  well  to  reviae 
the  gtaphloal  work  before  proceeding  with  the  oooatruction  of  the 

Smut  Load  Stniut. — Strenea  doe  to  enow  load  are  to  be  de- 
tfltmined  for  three  oonditiona  of  loading,  aa  atated  in  Art.  ITI. 
These  conditioua  are  (n)  anow  load  on  left  aide  of  roof,  (b)  enow 
load  on  right  aide  of  roof,  and  (e)  snow  load  on  whole  roof. 

The  panel  loada  due  to  enow  are  to  bs  determined  from  tbe 
data  given  in  Table  8.  p.  487.     8ui»  the  roof  alope  vatic.,  the  unit  p„    sza.-Wind  load  atrea.  diagram, 

anew  load  will  depend  upon  the  lacBtlon  of  tbe  panel  point.     Several 
dinarent  aaaumptiona  nan  be  made  regarding  the  variation  in  the  anow  load.     For  the  oaae  under  conaidc ration, 

trUiatary  to  any  panel  point  ia  equal  to  the  load  for  a  plane  tangent  to  the  roof  eutface  at  the  panel  point. 

Thu*  at  point  F  of  Fig.  22S,  •  plane  tangent  to  the  roof  aurfact  make*  an  angle  of  about  18  deg.  30  min,  with 
the  horiaontal.  It  ean  be  ehown  that  thia  angle  eorreeponda  ctoaely  to  a  pitch  of  H.  aa  defined  in  the  chapter  on 
Roof  Tnases— Oeneral  Deaign.  From  the  table  of  anow  loada  referred  to  above,  the  anow  toad  per  aq.  ft.  of  roof 
aurfmoe  for  a  tile  roof  of  H  pitch  located  in  the  Central  States  ia  30  lb.  By  metboda  aimilar  to  those  used  above  for 
the  dead  panel  load  due  to  rooflng.  it  «>U  be  found  that  the  enow  panel  load  tor  point  F  it  hi  |1B  3  +  IG.S)  X  30 
X  30  -  14.300  lb.  Panel  loada  at  other  pointe  are  aa  foUowe:  D  -  0  (alope  4S  deg.,  unit  >now  load  -  0>;  £  - 
5740 lb.  (alope  -  30deg,.  unit  anow  load  -  lllb.);0  «  I3,S00  lb.  (dope  pmctically  flat,  unit  mow  load  -  301b.): 
H  -  10.3SO  lb.  (alope  -  Bat,  unit  aoow  load  -  30  lb.). 

In  tabulating  the  atreaaa  In  a  aymmetrical  three-hinged  arch,  it  is  uaual  to  make  a  table  containing  the  mem- 
bera  of  tbe  left  half  of  tbe  arch.  Table  1,  m  which  the  atnaaea  for  the  arch  of  Fig.  22S  are  ubulatcd,  conMIca  the 
memberaoftbeletthaU  of  thearcb.     All  alreaaes  required  in  Table  1  for  the  three  anow  loading  condltiona  can  be 

load  on  the  other  arm.  aa  ihown  in  Fig.  227(a). 

The  reaeUona  at  the  points  of  aupport  and  at  tbe  crown  hinge  due  to  the  loading  shown  on  Fig.  227(n)  can  be 
determined  by  the  metboda  giveB  in  Art.  ITDo.     Theae  reaotiona  are  as  followa.  uaing  the  notation  ahown  on 
Fig-  227:  Vi  -  30,800  lb.:  Hi  -  20,400  lb.:  Vi  -  l3,SfiO  lb.:  H,  '  20,400  lb.; 
lb.     All  foroiB  act  aa  ahown  in  Fig.  227,     A  graphical  aolution  of  the  reactiona  c. 
in  Fig.  221. 

The  atre«es  in  the  memben  of  the  left  half  of  tbe  arch  for  case  (a),  loads  on  the  left  hall  of  tbe  arch,  are  given 
br  a  stress  diagram  drawn  lor  the  loading  conditions  of  Fig.  227(fr)-  Tbia  atrcM  diagram  ia  abown  in  Fig.  22B(a). 
The  atreiaea  acaled  from  thia  diagram  are  recorded  in  col.  2  of  Table  1.  fitreaaes  in  the  membera  of  the  left  half  of 
the  areb  for  case  (b).  loads  on  the  right  halt  of  the  arob,  are  given  by  the  stress  disgram  of  Fig.  22S(I>),  which  ia 
drawn  for  tbe  loading  conditiona  ahown  in  Fig.  227(c).  It  will  be  noted  that  the  loading  conditions  ahown  in 
Fig.  (c)  an  oppodte  band  of  those  for  the  right-band  half  of  the  arch,  loads  on  the  left  half,  as  shown  in  Fig.  (a). 
BtrecKS  acaled  from  the  atreaa  diagram  of  Fig.  223(b)  are  recorded  in  col.  3  of  Table  1,  The  streasee  for  memben 
of  the  left  half  of  the  arch  for  cbh  (cI,  loads  on  the  whole  arch,  can  be  obtained  by  adding  the  atresses  given  in 

Wind  Load  Stmtti.-rAt  in  the  caae  of  the  wooden  and  ateel  simple  roof  trusses  designed  in  the  preceding 
chapters,  it  will  be  aseamed  that  tne  working  streaaee  for  wind  loads  are  G0%  larger  than  those  for  dead  and  snow 
loads,  Aisuming,  aa  befon,  that  the  working  wind  load  is  30  lb.  per  sq.  ft-,  and  that  the  working  atress  for  wind 
loading  la  24,000  lb,  per  sq.  in.,  the  working  wind  load  to  be  used  for  a  IS,D0O  lb,  unit  atrea*  ia  20  lb.  per  aq.  ft. 
Wind  panel  loada  wilt  therefore  be  determined  for  a  unit  wind  pressure  of  20  lb.  per  aq.  ft. 

In  delermining  the  normal  wind  pmeute  to  be  uaed  at  ^e  aeveral  panel  pointa.  the  aame  assumptions  wilt  be 
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made  a«  for  anew  panel  loads.  Thus  at  p<^t  F  where  the  slope  of  the  tangent  to  the  roof  surface  oorresponds  to  a, 
H  pitch,  the  normal  wind  pressure,  as  given  by  Table  7,  p.  467.  is  13.9  lb.  per  sq.  ft.  of  roof  surface.  The  resultiiis 
panel  load  is  H(16-3  +  15.5)  X  30  X  13.0  -  6000  lb.,  acting  normal  to  the  roof.  By  methods  similar  to  those 
used  for  the  snow  panels  loads,  it  will  be  found  that  the  wind  panel  loads  at  the  other  pcnnts  are  as  follows:  D  « 
5250  lb.  (slope  «  45  deg..  unit  wind  load  -  18.9  lb.);  E  -  8350  lb.  (slope  -  30  deg..  unit  wind  load  «  16  lb.); 
G  -  2800  lb.  (slope  -  about  9  deg..  unit  wind  load  -  6.1  lb.);  and  H  "  O  (slope  flat).  These  loads  are  shown  in 
position  on  Fig.  225.  Since  the  side  walls  are  assumed  to  be  self-supporting,  it  will  be  assumed  that  the  wind  loada 
in  these  walls  are  carried  directly  to  the  foxmdations  without  caxising  any  stress  in  the  members  of  the  arch  truases. 
If  the  construction  is  such  that  the  arch  carries  the  horisontal  wind  load,  the  wind  panel  loads  can  be  calculated  by 
methods  similar  to  those  used  in  the  chapter  on  the  Detailed  Design  of  a  Truss  with  Knee-braces. 

The  reactions  due  to  wind  loads  will  be  determined  by  graphical  methods,  for  the  work  required  by  a  graphical 
solution  win  be  found  to  be  considerably  less  than  that  required  by  an  algebraic  solution.  Using  the  method 
given  in  Fig.  221  of  Art.  170a,  the  final  equilibrium  pQlygon  is  shown  in  position  in  Fig.  225.  The  resulting  re- 
actions are  a^own  to  scale  on  the  force  polygon  of  Fig.  229. 


Table  1. — Stresses  in  a  Thbee-hinged  Arch  Roof  Truss 

(Fig.  225) 


Member 

Dead  load 
(1) 

1 

Snow  load 

Left  side 

loaded 

(2) 

Snow-load 

Right  side 

loaded 

(3) 

Snow  load 

Both  sides 

leaded 

(4) 

Wind  load 

Left  side 

loaded 

(5) 

Wind  load 

Right  side 

loaded 

(6) 

Maximum 
tension 

(7) 

Maximum 
com- 
pression 

(8) 

o 

o 

0. 

o 

6-1 

+  4,500 

+2.250 

+  12,250 

+  14,600 

-10,000 

+  4.930 

19,000 

5.500 

6-2 

+  4.000 

+  1,900 

+  10.500 

+  12,400 

-8,600 

+  4.220 

16.400 

4.600 

b-A 

+45.900 

+22.300 

+32,100 

+54,400 

-11,900 

+  12.900 

100.300 

6-6 

+32.000 

+  15.600 

+28.600 

+44,200 

-14,900 

+  11.500 

76.200 

c-7 

+29,600 

+  10,800 

+20,200 

+31,000 

- 10,300 

+  8,200 

60.600 

0-9 

+26,200 

+4,200 

+  29,600 

+33,700 

-19,200 

+  11,850 

59.900 

d-11 

+23,500 

-  4,500 

+34,500 

+30,000 

-26,900 

+  13.900 

53.500 

2.400 

d-13 

+  11.200 

-18,900 

+36,000 

+  17,100 

-28.200 

+  14,500 

47.200 

17.000 

0-15 

+     5,000 

-23,100 

+33,100 

+  10.000 

-26,400 

+  13,300 

38.100 

21.400 

c-17 

-    8,500 

-30,100 

+25.600 

-   4,600 

-22,100 

+  10.300 

17.100 

38,600 

/-19 

-   11,800 

-23,100 

+ir.ooo 

-   9,100 

-16.000 

+  5.630 

2.200 

34.900 

/-21 

-  21,200 

-18.200 

-       900 

-19,100 

-   7.760 

-       360 

40.300 

0-22 

-  26,000 

-23,800 

-   1,600 

-26,300 

-   9.700 

1 

-600 

51.300 

-2 

o 

B 

o 

l-l 

-  77,000 

-37,900 

-28,000 

-66,900 

-   6.600   1 

-11,300 

142.900 

l-Z 

-108,900 

-53,600 

-46,000 

-99,600 

-  2.360 

-18.500 

208.500 

1-5 

-106,000 

-62,000 

-47,600 

-99,600 

+      900 

-19.200         

205.600 

IS 

-  92,600 

-41.000 

-61,600 

-92,600 

+  9,100 

-20,700 

185,000 

I-IO 

-  79,500 

-29.700 

-56.200 

-85,900 

+  18,100 

-22,000 

165,400  . 

1-12 

-  71,800 

- 18.700 

-68,800   ! 

-77.500 

+  19,800    1 

-23,600 

149.300 

l-M 

-56,700 

-   2,900 

-58,000 

-60,900 

+  22,000 

-23.400 

117,600 
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Reactions                                             Diagonals                                                                               Verticals  and  horiiontals 

M6 

(1) 
-  48,800 

(2) 
+  2,000 

(3) 
-54,300 

(4) 
-62,300 

(5) 
+  18,300 

(6) 
-21.800 

(7) 

(8) 
103.100 

/-I8 

-34.000 

+  9.300 

-46,200 

-36.900 

+  14.100 

-18.600 

80.200 

f-20 

-30,300 

+  2.600 

-34.300 

-31,700 

+  6.650 

-13.800 

62.000 

f-22 

-26.000 

-  2.200 

-24,000 

-26,200 

-      600 

-  9,650 

52.200 

1-2 

-     2.600 

-   1,100 

-  6.200 

-  7.300 

+  6.150 

-  2.600 

2.650 

9.800 

8-4 

-  27,200 

-13.300 

-14,200 

-27,500 

+   2,200 

-  5,700 

64.700 

5-6 

+     6,600 

+  3.100 

+  1,600 

+  4,700 

+  1.420 

+      860 

11.300 

7-8 

-     4.500 

-  8.200 

+  10.300 

+  2,100 

-10,300 

+  4,160 

6.800 

14.800 

9-10 

-   19,600 

-15.300 

+3.800 

-11,600 

- 10,700 

+   1,500 

84.900 

11-12 

-   13,000 

-13.800 

-      600 

-13,200 

-      800 

-      240 

26.800 

13-14 

-  20,000 

-16.800 

-  4,900 

-21.700 

-      700 

-    1,970 

41,700 

15-16 

-   12.000 

-  4.600 

-  8.200 

-12,800 

+5.180 

-^  3.300 

24.800 

17-18 

-   16.000 

-  6,700 

-11,200 

-16,900 

+5,050 

-  4.500 

32,900 

l»-20 

-     5,900 

+  6,900 

-13,100 

-  7.200 

+  6.860 

-  5,260 

950 

19.000 

21-22 

+     6,500 

+  6,200 

+  1.000 

+  6.200 

+  6,200 

+      400 

12.700 

^-3 

+  60.000 

+24.500 

+26,800 

+50,300 

-  8,900 

+  10,400 

100.300 

4-5 

-   15,200 

-  7,300 

-3.800 

-11,100 

-3,350 

-   1,530 

26.300 

6-7 

-  33.200 

-12,200 

-22.500 

-34,700 

+  6,500 

-  9,050 

67.900 

8-9 

+     1.500 

+  6,000 

-11,600 

-  6,600 

+  10,400 

-  4.660 

11.900 

10.100 

10-11 

+     1.500 

+  9.100 

-  7.000 

+  2,100 

+  3.300 

-  2,820 

10.600 

5.500 

12-13 

+  12.600 

+  16,000 

-  2,800 

-13.200 

+  3,500 

-   1,130 

28.500 

700 

14-15 

+     6,200 

+  6,500 

+  1,400 

+  6,900 

-  3,150 

+      670 

13.100 

16-17 

+  16.000 

+  8.500 

+  7,800 

+  16,300 

-  4.500 

+  3.140 

32.300 

18-19 

+     4.100 

-  8.000 

+  13,500 

+  6.600 

-  8,700 

+  6,430 

17.600 

4.600 

20-21 

+  11,800 

-  6.000 

+  18,600 

+  12,600 

-  8,950 

+  7,500 

30.400 

Fi 

+  62.420 

+30.600 

+  13.590 

+44,190 

+  14,200 

. 

Hi 

+  42,000 

+20.400 

+20,400 

+40.800 

-   1,850 

+  5,450 

Vt 

0 

+ 13.590 

- 13,590 

0 

+  6,450 

+  8.260 

Ht 

+  42,000 

+20.400 

+  20.400 

+40.800 

+  8,260 

-  6.450 

R% 

42.000 

24.500 

24.500 

40.800 

9.850 

9.850 

Notation ; h  —  tension  —  —  compression 

Reaction  Notation: — Positive  reactions  act  as  shown  in  Fig.  227  (6). 

As  stated  in  Art.  171.  wind  stresses  are  to  be  determined  for  wind  load  on  either  half  of  the  arch.  The  strei 
ifiagram  of  Fig.  229  is  drawn  for  stresses  in  the  members  of  the  left  half  of  the  arch  due  to  loads  on  the  left  side  < 
the  crown  hinge.    These  stresses  are  recorded  in  col.  5  of  Table  1.     Stresses  in  the  members  of  the  left  half  < 
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tbe  arch  du«  to  viDd  lokds  oD  ttie  ri(bt  tide  of  the  erowD  biagt  cui  be  determiiied  by  ntja  from  the  bdow  lokd 
etreases  tor  the  cormponding  eonditioo  of  loadiDR.  Tbii  aborl  cut  ig  pooible  becnuK  for  losdn  on  the  nght  mde 
of  the  ftnh,  BtKues  in  memben  of  the  left  hidf  of  the  >tch  are  due  lo  the  utig«  of  the  right  half  igiimt  the 
left  half.  As  ihowD  in  I^.  221  uid  227  (a),  this  action  eui  be  reprmnted  by  ■  force  ■cting  on  ■  line  oounoctins 
the  cromi  sod  abutment  hingn.  Therefore  the  wind  Btreaaea  required  (or  col.  S  of  Table  1  can  be  obtained  by 
multiplying  the  itrsHee  given  in  eol.  3  by  tbe  ratio  of  the  rsactiout  at  the  eupporting  hingea  tor  the  two  caaea. 
Prom  Pig.  228  0>),  the  reaction  at  A  for  enow  load  oo  the  tight  half  of  the  arch  ii  24,600  lb.  The  reacdon  st 
A  for  wind  loada  on  the  right  half  of  the  arch  Ig  the  wme  u  that  given  in  Fig.  2SB  tor  the  right-band  support, 
whkh  ia  found  to  be  9850  lb.  Hence,  if  the  atreaaea  in  col.  3  are  multiplied  by  fiSaO/24.500  -  0.402,  (he  reaulfing 
■treewB  will  be  the  values  required  for  memben  of  the  l^ft  half  of  the  arch  due  to  wind  loada  on  the  right  halt. 
These  streaee  an  ihown  in  eol.  «  of  Table  1, 

Maximum  Streint  in  Uembrr:  The  maiimuDi  atreaaea  in  the  memben  of  the  arch  under  eomideratlon  will  be 
calculated  on  the  sesumptjon  that  wind  and  anow  loads  do  not  act  at  the  aanip  time.  Table  I  givea  the  poaaible 
'  oombinations  of  the  dead  load  streases  and  Itie  mow  or  wind  atrtaaa  which  will  reeult  in  the  grt«tcat  tension  and 
oompreaaion  in  the  eeveral  memberg, 

173.  DeBigii  of  Hembers  and  Joints  for  a  Tj^eti  Three -hinged  Arch. — The  principlea 
governing  the  selection  of  the  form  of  members  for  arch  trusses,  and  the  design 
of  tbe%  memberB  are  the  same  as  for  the  truBsea  designed  in  the  preceding  chaptera.  These 
principles  are  given  in  the  chapter  on  Roof  Trusses-General  Design.  The  application  of  these 
principles  to  the  design  of  arch  trusses  will  be  illustrated  by  a  partial  design  of  membere 
and  joint  details  for  the  three-hinged  arch  for  which  the  stresses  have  been  calculated  in 
Art.  172. 

under  conaideration  te  Art.  172.  it  will  be  found  from  a  study  of  the  stresses  given  in  Table  I,  that  the  atnswa 
in  aO  members,  except  a  fen  of  the  lower  chord  members,  can  be  provided  for  by  sections  compoaed  of  two  aoglea. 

The  bottom  chord  mem- 
bers in  «:hich  large  atrcesea 
ecist  oan  be  made  of  angles 

id  bridge  trugg  work.     The 
truages  for  the  drill  haH  of 
the  Uuivendty  of  lUinoia, 
I  described    in   Sum'-   Wma    - 

tor  Dec.  11,  IfllS.  ar* 
composed  of  I  and  H 
beams.  The  Bner.  Rsc. 
lor  Oct.  7.  leiS  contains  a 
arched 


of  the  preceding  chapters, 

it  will  be  found  that  the 

U  (MDmmts  member.    listed     u     top 

,  chord  member*  in  Table  1 

.  of  Art.    172  can  be  made 

1  of   two   e   X    e  X   H-in. 

t  aoglea,  separated  by  >  H- 

Fio.  230.  in,  ipaoe  for  guaet  plates. 

cess  area  for  eome  of  the  members,  but  aince  it  meets  the  requii 

throughout.     The  bottom  chord  members  are  subjected  to  somei 

chord  membera.     Adequate  provision  for  all  gtregges  will  be  provided  by  the  foUowing  aectiona:  members  1-12  bo 

1-14,  two  6  X  S  X  H-in.  anglea;  members  M2  to  (-10.  two  8  X  fl  X  M-in.  anglea;  and  membe™  (-8  to  I-l,  two  B  X 

6  X  ^-in.  ungtes  and  a  14  X  H-in-  plate.     All  web  membere,  eicept  a  few  near  the  end  of  the  arch,  can  be  made 

of  two  3H  X  3  X  N-in.  anitlrs:      For  the  other  web  membera,  two  S  X  3>4  X  K-ir,  angles  win  anawer.     Figs. 

230  and  232  show  the  general  atrangemeat  of  membera. 

Joint  details  for  the  three-hinged  arch  under  congideration  in  this  chapter  are  designed  by  the  method*  out- 
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lined  in  the  chapter  on  Roof  TrusBee — Qeneral  Design.     With  the  exception  of  the  hinged  joints  at  A  and  C,  the 
application  of  thesa-^mndples  is  exactly  the  same  as  for  the  simple  trusses  designed  in  the  preceding  chapters. 

Fig.  230  shows  the  adopted  details  for  the  hinge  joint  at  A  and  a  portion  of  the  lower  end  of  the  arch  truss. 
As  shown  on  Fig.  230,  the  members  at  the  lower  end  of  the  truss  are  connected  to  a  large  gusset  plate  which  includes 
several  jc»nts  and  members.  This  is  necessary  because  the  members  are  short  and  the  stresses  are  large,  thus 
requiring  large  joint  details.  A  single  plate  greatly  strengthens  the  end  detail  and  makes  possible  a  very  compact 
joint. 

It  win  be  assumed  that  the  rivets  used  in  the  design  under  consideration  are  J^-in.  in  diameter,  and  that  the 
allowable  bearing  and  shearing  values  are  24,000  and  12,000  lb.  per  sq.  in.  respectively.  From  Fig.  230  it  can  be 
seen  that  the  rivets  connecting  the  members  to  the  plates  are  in  bearing  on  a  M-in-  plate.  For  the  allowable  values 
given  above,  the  rivet  value  is  10,500  lb.  All  of  the  end  details  shown  in  Fig.  230  provide  sufficient  rivets  to  con- 
nect the  members  to  the  gusset  plates.  It  will  be  noted  that  lug  angles  are  used  on  member  D-F,  These  lugs  are 
used  in  order  to  reduce  the  sise  of  the  end  connection,  and  also  to  provide  a  connection  between  both  legs  of  the 
angles  and  the  gusset  plate.  This  is  advisable  where  the  stresses  in  the  members  are  large.  The  design  of  lug  angle 
details  is  considered  in  the  chapter  on  Splices  and  Connections — Steel  Members  in  Sect.  2. 

The  top  and  bottom  chord  members  are  usually  spliced  at  frequent  intervals  in  trusses  with  curved  chords. 
When  the  chord  section  consists  of  two  angles,  an  effective  splice  is  furnished  by  a  detail  similar  to  that  iised  at  joint 
g  of  the  steel  roof  tniss  designed  in  the  chapter  on  tne  Detailed  Design  of  a  Steel  Roof  Truss.  By  using  this  detailt 
the  stress  in  the  horisontal  legs  of  the  angles  is  transferred  across 
the  splice  by  means  of  the  splice  plate,  leaving  only  the  stress  in 
the  vertical  legs  of  the  angles  to  be  transferred  to  the  gusset  plate, 
thus  securing  compact  joint  details.  A  similar  detail  can  be  used 
where  the  chord  section  consists  of  angles  and  plates.  If  the  joints 
are  milled  so  that  a  bearing  fit  is  assured,  only  enough  rivets  need 
be  provided  to  hold  the  members  in  contact.  Figs.  230  and  232 
show  the  details  adopted  for  the  design  under  consideration. 

The  design  methods  to  be  used  for  the  shoe  and  the  pin  at  joint 
A  depend  upon  tiie  assumptions  made  regarding  the  action  of  the 
supporting  foroes  at  the  abutments.  If  it  be  assumed  that  the 
horisontal  component  of  the  reaction  is  taken  by  a  tie  rod,  the  shoe 
and  the  supporting  foundation  can  be  designed  for  vertical  forces 
only.  Fig.  230  shows  a  shoe  designed  on  this  assumption.  If  it  be 
assumed  that  the  foxmdations  can  resist  vertical  and  horisontal 
forces,  the  shoe  must  be  placed  at  an  angle  to  the  vertical,  as  shown 
in  Fig.  231.  Designs  based  on  these  two  assumptions  will  be  con- 
sidered in  detail. 

Consider  first  the  tie  rod  design  shown  in  Fig.  230.  In  this 
design  it  is  assumed  that  the  horisontal  and  vertical  components  of 
the  reaction  are  taken  respectively  by  the  tie  rod  and  the  shoe. 
Table  1  of  Art.  172  shows  that  these  reactions  are  a  maximum  for  dead  load  and  snow  load  on  both  arms  of  the 
areh.  The  horisontal  component  of  the  reaction  is  foimd  to  be  42,000  +  40,800  •  82,800  lb.,  and  the  vertical 
component  is  found  to  be  62,420  +44,190  -  106,610  lb. 

Assuming  that  the  working  stress  in  the  tie  rod  is  16,000  lb.  per  sq.  in.,  the  area  required  is  82,800/16,000  » 
5.27  sq.  in.  Two  4  X  ^-in.  eye-bars  furnish  6.0  sq.  in.  If  the  allowable  bearing  on  a  concrete  foundation  is  taken 
as  400  lb.  per  sq.  in.,  the  area  of  the  base  of  the  shoe  must  be  106,610/400  »  266  sq.  in.  The  shoe  shown  in  Fig. 
230  provides  a  base  area  of  15  X  20  >-  300  sq.  in. 

Design  methods  for  the  pin  connecting  the  shoe,  tie  rod,  and  truss  are  given  in  the  chapter  on  Splices  and 
Connections — Steel  Members.  The  sise  of  the  pin  is  determined  subject  to  thq  following  conditions:  the  bearing 
areas  between  the  members  and  the  pin  must  be  sufficient  to  keep  the  bearing  pressures  within  the  allowable  limits, 
which  will  be  taken  as  24,000  lb.  per  sq.  in.,  and,  the  extreme  fiber  stress  due  to  bending,  considering  the  pin  as  a 
simple  beam,  must  be  within  the  allowable  limits,  which  will  be  taken  as  25,000  lb.  per  sq.  in. 

The  design  of  the  pin  is  carried  out  by  assuming  the  sise  of  pin.  Having  given  the  maximum  load  to  be  carried 
by  the  pin,  the  bearing  areas  required  for  the  several  parts  are  determined.  If  the  parte  butting  on  the  pin  do  not 
furnish  the  required  area,  they  must  be  increased  by  the  addition  of  pin  plates  until  the  proper  area  is  provided. 
Assuming  the  centers  of  pressure  to  be  located  at  the  centers  of  the  bearing  areas,  the  bending  moments  due  to 
the  applied  loads  are  calculated  and  compared  with  the  resisting  moment  provided  by  the  assumed  pin.  If  the 
assumed  pin  is  found  to  be  inadequate,  the  calculations  must  be  revised. 

For  the  case  under  consideration,  a  4yi-in.  pin  will  be  assumed.  Fig.  230  shows  the  adopted  arrangement  of 
the  joint  details.  The  load  brought  by  the  pin  to  the  shoe  is  equal  to  the  vertical  component  of  the  reaction,  which 
is  106,610  lb.  At  24,000  lb.  per  sq.  in.,  the  width  of  bearing  required  on  the  webs  of  the  shoe  is  106,610/4>^  X  24,- 
000  X  2  a>  0.518  in.  for  each  web.  Assuming  that  a  cast-steel  shoe  is  used,  the  webs  will  be  made  1  in.  thick,  as 
the  use  of  thinner  material  is  not  advisable. 

The  load  brought  by  the  arch  to  the  pin  is  equal  to  the  resultant  of  the  horisontal  and  vertical  com]>onents  of 
the  maximum  reaction,  which  is  due  to  dead  load  and  snow  load  on  both  arms  of  the  arch.  For  the  components 
given  above,  this  load  is  (82,800'  +  106,610*)^^-  135,000  lb.  The  width  of  bearing  required  at  the  lower  end  of 
the  arch  truss  is  135.000/4)^  X  24.000  -  1.32  in.  Since  the  main  gusset  plate  at  joint  A  is  H  in.  thick,  the  width 
of  bearing  must  be  increased  by  the  addition  of  pin  plates.  Fig.  230(a)  shows  the  adopted  detail.  The  main  angles 
37 
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are  spread  Bomewhat,  and  the  space  between^the  angles  is  filled  by  means  of  M-in.  plates  placed  on  both  aides 
of  the  gusset  plate.  To  stiffen  the  plates,  and  also  to  tie  the  main  angles  together,  a  6  X  4  X  H-^-  angle  is  riveted 
on  each  side  of  the  plates.  The  total  thickness  of  bearing  provided  by  this  detail  is  2H  in-*  which  is  in  excess  of 
that  required,  but  as  a  rigid  detail  is  desired,  it  is  not  advisable  to  use  a  smaller  number  of  plates. 

The  bending  moment  on  the  pin  can  be  determined  by  calculating  the  moments  due  to  the  vertical  and  hori- 
lontal  forces,  and  finding  their  resultant.  Fig.  230(c)  shows  the  components  of  forces  and  the  lever  arms.  These 
lever  arms  are  determined  for  the  packing  shown  in  Fig.  230(b).  A  clear  space  of  K  in.  is  provided  between  the 
several  members.  From.  Fig.  (c),  the  vertical  component  of  moment  is  53,305  X  3.0  »  166,500  in  .-lb.,  and  the 
horisontal  component  of  moment  is  41,400  X  1.125  »  46,600  in.-lb.  The  resultant  moment  is  then  Xl  66,500* 
+  46,600')^  »  173,000  in.-Ib.     From  the  tables  of  bending  moments  on  pins,  it  will  be  found  that  the  safe  naoment 

on   a  4>^-in.  pin  for  an  allowable  fiber 
Zi  g3rg5/^|>.  ,  ,  j^SUiag  ohik  stress  of   25,000  lb.  per  sq.  in.  is  18S.410 

in.-lb.     The  assumed  pin  will  be  adopte  d. 
The  pin  plates  which  were  added  to 
^^^■^^i      the  gusset  plate  at  point  il,  in  order  to 
increase  the  width  of  bearing  on  the  pin, 
must  be  fastened  to  the  gusset  plate  so 
that  all  plates  will  act  as  a  unit.     Assum- 
ing that  the  load  carried  by  each  plate  is 
proportional  to   its   thickness,    the   load 
carried  by  each  H-in.  angle  is  135,000  X 
0.375/2.5  -  20,600  lb.,  and  the  load  car- 
ried by  each  ^-in.  filler  plate  is   135,000 
X  0.625/2.5  -  33,800  lb.      As  shown  in 
Fig.  230(a),  the  rivets  connecting  the  6 
X  4  X  H~in>  angles  to  the  plates  are  in  double  shear,  when  both  angles  are  assumed  to  act  together.     For  the 
allowable  shearing  value  given  above,  the  double  shear  value  of  a  rivet  is  14,400  lb.    Assuming  that  the  two 
angles  act  together,  the  total  load  to  be  carried  is  2  X  20,600  ->  41,200  lb.,  and  the  number  of  rivets  required  is 
41,200/14.400  »  3  rivets.     The  detail  of  Fig.  230(a)  shows  three  rivets  close  to  the  pin  and  four  others  at  the  ends 
of  the  angles.     Assuming  that  the  ^-in.  filler  plates  and  the  angles  on  each  side  of  the  gusset  plate  act  together, 
the  total  load  to  be  carried  is  2(33,800  +  20,600)  —  108,800  lb.     As  shown  in  Fig.  230(a),  the  connecting  rii'ets 
are  in  bearing  on  the  M-in.  gusset  plate,  and  hence  the  number  of  rivets  required  is  108,800/10,500  •  11  rivets. 
Fig.  230(a)  shows  14  rivets  in  place  in  the  filler  plates  and  the  angles. 

Fig.  231  shows  the  details  of  a  shoe  designed  to  carry  the  vertical  and  horisontal  components  of  the  reactions. 
The  slope  of  the  base  of  the  shoe  is  determined  by  the  condition  that  it  should  be  perpendicular  to  the  resultant  of 
the  maximum  reactions      Fig.  231(6) 

shows  the  amount  and  direction  of  the  |^  .  -'ZlfS^Si'xi"  I 

resultant  reactions  due  to  all  possible 
combinations  of  dead  and  snow  or 
wind  load  reactions.  These  result- 
ants were  plotted  from  the  values 
given  in  Table  1.  It  will  be  noted 
from  Fig.  (6)  that  the  reactions  lie 
close  together,  and  that  a  plane  x-y  at 
a  slope  of  8  in.  in  12  in.  is  normal 
to  the  average  direction  of  these  re- 
sultants. 

The  base  area  required  on  the 
line  Orb  must  be  sufficient  to  provide 
for  the  maximum  reaction  of  135,000 
lb.  which  occurs  for  dead  load  and 
snow  load  on  both  sides  of  the  arch. 
It  is  usual  to  provide  a  short  hori 
sontal  base  area,  shown  by  arc  of  Fig. 
231(b).     All  details  are  as  shown  on  Fig.  231.     The  design  methods  are  similar  to  those  used  for  Fig.  230. 

Fig.  232  shows  the  details  of  the  pin  joint  at  the  crown  hinge,  and  a  portion  of  the  truss.  The  design  methods 
for  the  pin  and  the  pin  plates,  and  for  the  end  connections  of  the  members,  are  the  same  as  for  the  detail  of  Fig.  230. 

174.  Bracing  for  Arch  Trusses. — The  general  plan  of  the  bracing  for  an  arch  truss  is  quite 
similar  to  the  one  designed  in  the  chapter  on  the  Detailed  Design  of  a  Truss  With  Knee- 
Braces.  Since  the  trusses  are  large  and  must  be  rigidly  braced,  lateral  systems  are  generally 
placed  between  every  other  pair  of  trusses.  In  the  plane  of  the  vertical  side  walls,  bracing  is 
placed  in  every  bay.  A  very  good  idea  of  the  form  and  arrangement  of  the  required  bracing 
can  be  obtained  from  the  description  of  the  University  of  Illinois  drill  hall,  which  is  given  in 
the  Engr.  News  for  Dec.  11,  1913,  and  from  the  description  of  the  Springfield  Coliseum  given 
in  Engr,  Rec,  for  Oct.  7,  1916,  to  which  the  reader  is  referred. 
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The  tnused  purlinfi  which  connect  the  tmaaes  at  altemate  panel  points,  form  part  of  the 
biBcing  as  well  as  acting  as  purlins.  Fig.  233  shows  the  details  of  th^ae  purlins,  which  are 
connected  to  the  vertical  truss  members  at  the  points  shown  in  Fig.  225.  The  purlins  are  de- 
signed to  cany  the  roof  load  and  the  maximum  snow  or  wind  loads.  Fig.  233  shows  the  adopted 
sections.  The  lower  chord  members  of  the  end  panels  are  sloped  so  that  the  lower  chord  member 
of  the  purlin  is  connected  to  the  vertical  members  of  the  arch  near  the  foot  of  these  members. 


ORNAHBIITAL  ROOF  TRUSSES 

By  W.  S.  Kinne 

1T6,  ArchltKtoral  Timber  Work'. — Architectural  timber  work  is  an  important  element  of 
interior  design,  especially  in  churchee.  The  roof  structure  ia  frequently  of  wood,  using  the 
hammer  beam  trus»  where  the  roof  is  high.  In  buildings  with  low  pitched  roofs  the  braced 
arch  is  most  common.     This  form  of  construction  brings  some  thrust  upon  the  walls,    which 

I 


Fio.  234. — Hunm«r  bettm  with  adnan  tnui  »bov<.  Fio.  336. — Hkminv  b«m  with  A-tnw. 

must  be  counteracted  by  buttresses  or  extra  heavy  masonry.  The  roof  design  conccma  not 
only  the  trusses,  but  the  purlins,  rafters  and  sheathing  as  well,  all  of  which  may  be  decorated  to 
a  greater  or  less  degree.  Structural  considerations  must  be  modified  and  supplemented  to  meet 
architectural  requiremente.  Members  of  no  structural  value  may  be  introduced ;  stresaes  must 
be  provided  for  without  too  great  insistence  on  economy  of  materials.  As  a  general  rule, 
horisontal  and  vertical  members  are  satisfactory,  together  with  arched  members.  Large  diago- 
nal members  are  usually  disappointing  in  perspective.  The  timbering  is  sometimes  covered 
with  "boxii^  "  of  more  expensive  wood,  but  the  effect  is  usually  poor  as  compared  with  actual 
beams.  Laminated  beams  are  frequently  used.  The  lammatons  may  be  masked  by  mould- 
ings and  decorative  elements.  Thb  advantage  lies  in  the  good  connections  and  masked  join- 
ings secured.     Steel  rods  should  not  be  exposed.     A  few  examples  of  ornamental  trusses  are 

'  Thia  irtiDla  eonthbuted  by  Arthur  P«bod)>,  8U(c  Architect.  MadiKiD,  Wu. 
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Figs.  234  aDd  23fi  show  baauner  beam  tniBses  of  the  uau&l  form.     In  the  fitst  a  sciasois  truss 
is  used  over  the  hammer  beam.    Id  the  secoad  a  rafter  and  tie  beam  are  used.    Fig.  236  shows 


Fia.'236. — Laminatad  tr 


FlQ.  237.— Bnosd  uch  (St.  John'i  Collaga,  Oxford). 


I.  240.— Bnoed  miter. 


an  approximation  to  the  hammer  beam  trusB,  but  depends  for  ite  streugh  partly  on  the  rigidity 
of  the  members.  This  truss  should  be  built  of  seasoned  lumber  and  should  be  gone  over  and 
the  bolts  tightened  up  after  being  in  service  for  about  a  year. 
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Fig.  236  and  237  show  high  pitched  roofs  supported  by  a  timber  arch     The  arched  members 

add  something  to  the  rigidity  of  the  structure 

and  a  great  deal  to  appearance.     Fig.  239  shows 

a  low  pitched  roof  supported  by  a  king  post 

truss  with  a  timber  arch  below.     The  construc- 
tion of  this  truss  will  be  entirely  masked  by  the 

decoration.     Figs.  237,  238  and  239  are  from 

buildings  near  Oxford,  England. 

Fig.    240  is  a  modification  of  the  low 

pitched  truss  type,  formed  of  doubled  timbers 

and  a  few  false  members.     This  truss  should 

be  supported  on  quite  rigid  posts  built  into  the 

wall.     The  action  of  the  post  and  bracket  is 

that  of  a  cantilever,  to  which  the  upper  chord 

is  fastened. 

Fig.   241  shows  a  scissors  truss.      This 

form  of  support  is  less  meritorious  architectur- 
ally and  structurally,  but  is  much  used  on 

cheap  work.     Its  principal  merit  is  the  arched 

effect  of  the  slanting  members. 

The  span  of  all  the  above  trusses  is  taken, 

for  convenience,  at  28  ft.      Spans  of  much 

greater  width  may  require  an  attic  space  with 

concealed  trusses.     In  this  event  the  interior 

will  show  the  ceiling  only,  which  will  be  sup- 
ported from  above. 

176.  Analysis  of  Stresses  in  a  Scissors  Truss. — The  stresses  in  a  truss  of  the  Scissors  type, 

shown  in  Fig.  241  of  Art.  175  are  readily 
determined  by  the  methods  of  stress 
analysis  given  in  Sect.  1.  Panel  loads 
due  to  dead  and  wind  loads  are  deter- 
mined  by  the  methods  used  in  the  pre- 
ceding chapters  on  roof  truss  design.  As 
the  roof  slope  is  generally  quite  steep, 
snow  loads  need  not  be  considered. 

To  illustrate  the  methodB  of  streae  analysii 
for  tniaseB  of  this  type,  the  stresses  in  the  truss 
of  Fig.  242  will  be  determined  for  dead  and  wind 
loads.  Panel  loads  for  dead  and  wind  load,  de- 
termined by  the  usual  methods,  are  shown  in 
position  on  Fig.  242(a).  The  dead  load  stress 
/  diagram  'is  shown  in  Fig.  (6),  and  the  wind  load 
stress  diagram  is  shown  in  Fig.  (e).  Table  1 
gives  the  resulting  stresses  for  dead  and  wind 
loads,  and  also  the  maximum  stresses  due  to 
combined  dead  and  wind  loads. 


Fio.  241. — Scissors  truss. 


(a)  Truss  Diagram 


(distress  Ukjgpom 


(ir)Wlnd  Lxxxi 

T*i  11    CV         III    ■!  Ml 

urru6  i/KJ^uin 


fru39 


Qgfbfffitd  fnn9 


Stress  ^^Kfoxn 

Roof  trusses  of  the  scissors  t3rpe  are 

usually  constructed  of  wood,  with  the 

exception  of  the  vertical  member  C-E  of 

Fig.  242  (a),  for  which  a  steel  rod  is  used. 

Experience  has  shown  that  the  elastic 

deformation  of  the  members  of  a  scissors 

truss  results  in  a  considerable  horizontal 

movement  of  the  points  of  support.    To 

reduce  the  amount  of  this  movement,  it  is  the  general  practice  to  use  excess  area  in  the  top  and 


(4!P^  DHbrrnof  ion  Oui^uin 
Fia.  242. 
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bottom  chord  members.  For  the  truss  of  Fig.  242  (a)  it  will  probably  be  advisable  to  use  6  X 
10-in.  wooden  pieces  for  all  members  except  the  middle  vertical,  which  will  be  made  of  a  IJ^-in. 
round  steel  rod.  Typical  joint  details  applicable  to  the  truss  under  consideration  are  shown  in 
Art.  179. 

The  horizontal  movement  of  the  points  of  support  of  the  truss  of  Fig.  242  (a)  can  be  cal- 
5!ulated  by  means  of  eq.  (7),  p.  666.    This  equation  is 

where  D  =  deflection  of  any  point;  S  =  stress  in  any  member;  A  =  area  of  any  member; 
I  =  length  of  any  member;  P  =  modulus  of  elasticity  of  the  material  composing  the  members; 
and  ti  ~  a  ratio  which  is  equal  to  the  stress  in  any  member  due  a  14b.  load  applied  at  the 
point  whose  deflection  is  desired  and  acting  in  the  direction  of  the  desired  deflection. 


Tablb  1. — Strbssbs  In  A  Scissobs  Truss 

(Fig.  242) 


Member 

Dead  load 

Wind  right 

Wind  left 

Max.  streM 

AB 

- 12,750 

-4,000 

-4,000 

- 16,750 

BC 

-  8,600 

-2,000 

-4,000 

-12,600 

AE 

+  9,600 

+4,500 

0 

+  14,100 

BE 

-  3,120 

-4,500 

0 

-  7.620 

CE 

+  8,250 

+2,800 

+2,800 

+  11,050 

+  •■  tension. 


compretuuon. 


Table  2. — Horizontal  Deplection  of  Points  op  Support 

Calculation  op  Thrust  on  Walls 

Scissors  Truss 

(Fig  242) 


Member 

Streee 
1 

2 

A 
3 

I 

AE 
4 

SI 

AE 
5 

u 
6 

SI 

ae"" 

7 

AE 

8 

-Hu 

(ff  - 
6,510  lb.) 
9 

S 
10 

AB 

- 16,750 

102 

102 

102 

102 

152 

152 

76 

76 

96 

52.2 

0.000001955  -0.0328 

-0.707 

+0.0233  0.000000977 

+  4.610 

-12.140 

BC 

- 10,600 

62.2 
52.2 

0.000001965  -0.0208 

-0.707 

+0.0148 

0.000000977 

+  4.610 

-   5.990 

CD 

-12,600 

0.000001956  -0.0246 

-0.707 

+0.0175 

0.000000977 

+  4,610 

-  7,990 

DF 

- 16,760 

52.2 

0.000001955 

-0.0328 

-0.707 

+0.0233 

0.000000977 

+  4,610 

-12.140 

AE 

+  14,100 

52.2 

0.000002905 

+0.0410 

+  1.58 

+0.0648 

0.00000725 

-10,300 

+  2.800 

EF 

+  9,600 

52.2 

0.000002905 

+0.0279 

+  1.58 
0 

+0.0441 

0.00000725 

-10.300 

-      700 

BE 

-   7.620 

52.2 

0.000001403 

-0.0111 

0 

0 

0 

-  7.620 

DE 

-   3,120 

52.2 

0.000001403 

-0.00456 

0 

0 

0 

0 

-  3.120 

CE 

+  11.050 

1.77 

0.000001810 

+0.0200 

+  1.00 

+0.0200 

0.00000181 

-   6,510 

+  4,540 

+0.2078 

0.00002023 
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For  the  truss  under  consideration,  the  deflection  of  the  left  end,  A  of  Fig.  (a),  will  be  de- 
termined with  respect  to  the  right  end,  point  F,  which  will  be  assumed  to  stand  fast.  This 
deflection  will  be  determined  for  the  maximum  stresses  in  all  members  due  to  the  dead  and 
wind  load  stresses,  as  given  in  Table  1.  These  maximum  stresses  are  recorded  in  Table  2. 
The  lengths  and  areas  of  the  several  members  are  also  given  in  Table  2.  Lengths  of 
members  are  given  in  inches,  and  areas  are  given  in  square  inches.  As  assumed  above, 
the  main  members  are  composed  of  a  6  X  10-in.  piece!  Assuming  that  dressed  lumber 
is  used,  the  area  is  calculated  as  for  a  5K  X  9)^-in.  section  to  conform  to  the  methods  used  in 
the  chapter  on  Detailed  Design  of  a  Wooden  Roof  Truss.  The  modulii  of  elasticity  of  wood 
and  steel  are  taken  respectively  as  1,000,000  and  30,000,000  Vb.  per  sq.  in. 

Since  the  horizontal  motion  of  point  A  is  desired  with  respect  to  point  F,  the  values  of  u 
as  defined  above,  are  to  be  calculated  for  a  1-lb.  load  applied  at  A  and  acting  horizontally. 
It  will  be  assumed  that  the  1-lb.  load  acts  to  the  left.  A  positive  sign  for  the  resultant 
deflection  will  indicate  that  the  direction  of  the  deflection  was  correctly  assimied.  If  the  sign 
is  negative,  the  true  deflection  is  to  the  right.  Values  of  u  were  calculated  by  means  of  the 
stress  diagram  of  Fig.  (d),  and  the  stresses  are  recorded  in  Table  2. 

The  desired  deflection  is  determined  by  calculating  the  value  of  the  term-j-^  u  for  each  mem- 
ber, and  adding  all  such  terms,  paying  particular  attention  to  the  sign  of  each  result.  It  is  to 
be  noted  that  for  stress,  plus -indicates  tension  and  minus  indicates  compression.  In  multi- 
plying the  several  values,  like  signs  result  in  plus  signs,  and  unlike  signs  result  in  minus  signs. 
The  resulting  values  are  given  in  Table  2  under  the  proper  heading,  and  at  the  foot  of  the  column 
is  given  the  sum  of  all  terms,  which  is  the  desired  deflection.     The  result,  +0.2078,  indicates 

that  point  A  moves  to  the  left,  0.2078  in. 

SI 

A  study  of  the  values  of  -t-bw  given  in  Table  2,  col.  7,  shows  that  about  80  %  of  the  total  de- 
flection calculated  above  is  due  to  the  elastic  distortion  of  members  A-B  and  D-F,  the  lower 
ends  of  the  top  chord  member,  and  A-E  and  E-F^  the  lower  chord  member.  Since  the  deflec- 
tion contributed  by  any  member  is  inversely  proportional  to  t^e  area  of  that  member,  it  follows, 
as  stated  above,  that  large  members  with  considerable  excess  area  should  be  provided  for  the 
chord  members  in  order  to  reduce  the  horizontal  movement  of  the  supports. 

By  calculations  similar  to  those  given  in  Table  2,  the  vertical  and  horizontal  components  of 
the  deflection  of  all  points  of  the  structure  have  been  calculated.  The  dotted  lines  of  Fig.  242  (e) 
show  the  distorted  position  of  the  truss,  and  the  full  lines  show  the  undeformed  truss.  In 
plotting  the  movement  of  the  several  points,  a  scale  was  used  which  shows  these  movements  at 
about  150  times  their  value  to  the  scale  of  the  truss.  Hence,  as  plotted,  the  actual  movement 
of  the  joints  is  greatly  exaggerated.  This  is  done  in  order  to  show  the  relative  rather  than  the 
actual  movement  of  the  joints. 

The  diagram  of  the  deformed  truss  brings  out  some  points  which  should  be  considered  in 
selecting  the  form  of  the  members  for  trusses  of  this  type.  It  will  be  noted  that  members 
il-B-C  and  C-D-F  are  bent  out  of  line  due  to  the  deformation  of  the  structure.  If  these  mem- 
bers are  made  continuous,  which  is  the  usual  practice,  heavy  secondary  bending  moments  are 
et  up  at  the  middle  points  of  the  members.  Since  the  fiber  stresses  in  the  members  due  to 
these  moments  are  proportional  to  the  depth  of  the  member,  it  follows  that  the  depth  of  the 
member  iij  the  direction  of  the  bending  bhould  be  as  small  as  possible,  in  order  to  avoid  excessive 
fiber  stresses.  In  the  case  of  the  6  X  10-in.  members  adopted  for  the  design  under  considera- 
tion, the  6-in.  face  should  be  placed  in  the  vertical  direction  and  the  10-in.  face  should  be  placed 
horizontal  This  would  probably  not  fit  in  with  the  architectural  features  of  the  design. 
However,  since  considerable  excess  area  is  provided  in  these  members,  the  total  combined 
fiber  stress  with  the  10-in.  face  placed  vertical  will  probably  be  within  the  allowable  limits. 
Everything  considered,  square  sections  are  preferable  for  trusses  of  this  type. 

The  ends  of  trusses  of  the  scissors  type  are  generally  rigidly  fastened  to  the  supporting 
walls  by  means  of  anchor  bolts  or  by  a  base  plate  bedded  in  the  masonry.  After  the  trusses  have 
been  erected,  the  roofing  and  other  applied  loads  are  added  as  the  construction  proceeds.     On  the 
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(A) 


Fia.  243. 


removal  of  the  erection  false  work  or  other  temporary  construction  supports,  the  full  loads  are 
applied  to  the  trusses,  which  tend  to  deform,  causing  the  points  of  support  to  move  horizontally, 
as  calculated  above.  Sihce  the  trusses  are  generally  rigidly  fastened  to  the  walls,  as  stated  above, 
the  walls  are  forced  outward  due  to  the  resistance  offered  to  the  horizontal  motion  of  the  ends 
of  the  truss.  Horizontal  forces  are  therefore  set  up  which  caulse  bending  moments  in  the  walls. 
These  moments,  and  the  resulting  fiber  stresses,  are  a  maximum  at  the  foot  of  the  walls.  If 
the  fiber  stresses  are  excessive,  the  walls  will  be  cracked  at  the  base.  To  avoid  failure  of  the 
walls  due  to  this  cause,  the  bending  moments  and  fiber  stresses  must  be  estimated  and  a  wall 
thickness  adopted  which  will  offer  the  required  resistance.  If  one  end  of  the  truss  is  allowed  to 
move  freely  as  the  loads  are  applied,  the  walls  will  be  relieved  of  the  greater  part  of  the  bending 
moment  mentioned  above.  However,  this  is  not  the  usual  practice.  In  view  of  this  fact, 
methods  will  be  given  for  the  determination  of  the  horizontal  forces  which  must  be  resisted  by 
the  waUs. 

The  methods  of  calculation  for  the  determination  of  the  thrusts  at  the  topsof  the  walls  due 
to  the  deformation  of  a  scissors  truss  are  similar  to  those  used  in  Art.  170  &  for  the  detern^ination 
of  the  reactions  for  a  two-hinged  arch.    Let  Fig.  243  (a)  show  .a  scissors  truss,  or  any  other  type 

of  truss  in  which  the  elastic  deformation  of  the 
members  produces  thrusts  on  the  supporting 
walls.  To  make  the  solution  general  in  nature, 
vertical  and  inclined  applied  loads  are  shown 
in  position.  C!onsider  the  truss  removed  from 
the  walls,  and  represent  the  action  of  the  trusses 
on  the  walls  by  the  forces  shown  in  Pig.  243  (5). 
The  forces  H  represent  the  thrusts  at  A  and  F 
due  to  the  deflection  of  the  truss.  Evidently 
these  forces  are  equal  in  amount  and  act  in  opposite  directions,  as  shown  in  Fig.  (6).  The 
forces  Hif  Ht,  Ri,  and  Rt  represent  the  action  of  the  applied  vertical  and  inclined  loads,  and 
are  calculated  by  the  methods  of  Statics  given  in  Sect.  1,  considering  the  truss  as  a  free  body 
removed  from  its  supports.      • 

The  forces  Hi  and  Ht  include  the  efiect  of  the  wind  on  the  vertical  sidewalls.  This 
effect  is  indeterminate,  but  it  is  sufficiently  accurate  to  assume  that  the  moment  due  to  the 
horizontal  wind  load  is  equally  divided  between  the  two  walls.  It  will  therefore  be  assumed 
that  the  truss,  acting  as  a  strut  between  the  two  walls,  transfers  to  the  top  of  the  right-hand 
wall,  a  load  which  will  produce  the  assumed  moment  at  the  base  of  the  wall.  If  tr  =  wind 
load  per  foot  of  wall,  and  h  =  height  of  wall,  the  moment  to  be  carried  by  each  wall  is 
M  =  K  wh*.  On  the  assumption  made  above,  the  load  at  the  top  of  each  wall  is  P  = 
M/h  -  K  wh. 

Assuming  that  the  truss  is  rigidly  fastened  to  the  waUs,  it  is  evident  that  the  horizontal 
movement  of  points  A  and  F  of  the  truss  is  equal  to  the  horizontal  movement  of  the  [tops  of  the 
walls,  points  A  and  F  of  Fig.  (6).  For  the  determination  of  /f,  the  thrust  of  the  trusses  on 
the  walls,  an  equation  of  elastic  equilibrium  can  be  established  by  equating  the  deflection  of 
the  truss,  as  calculated  by  eq.  1,  to  the  combined  deflection  of  the  walls  for  the  forces  shown  in 
Fig.  (6). 

The  values  of  ^  to  be  used  in  eq.  (1)  for  the  determination  of  the  horizontal  motion  of. 
points  A  and  F  of  the  truss  are  the  actual  stresses  in  the  members.     These  stresses  include  the 
effect  of  the  thrust  H  and  the  effect  of  the  applied  loads.     As  stated  in  Art.  170  in  connectioa 
with  the  derivation  of  eqs.  (8)  and  10),  these  stresses  can  be  expressed  in  the  form 

S  ^S'  -  Hu  (20 

where  S  =  actual  stress  in  any  member;  S'  =  stress  in  any  member  due  to  the  applied  loads 
for  the  truss  considered  as  removed  from  the  walls  and  considered  as  a  simple  truss;  H  «  thrust 
on  the  walls;  and  w  =  a  ratio  defined  above  for  eq.  (1).  Substituting  this  value  of  iS  in  eq. 
(1),    the  horizontal  movement  of  point  A  of  the  truss  with  respect  to  point  F  is 


sn 


I 
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The  deflection  of  the  walls  due  to  the  applied  loading  shown  in  Fig.  (&)  depends  on  the 
form  of  the  walls.  If  they  are  of  uniform  cross  section  for  the  full  height,  they  form  simple 
cantilever  beams  acted  upon  by  the  horizontal  forces  shown  in  Fig.  (&).  The  effect  of  the  verti- 
cal loads  Ri  and  Rt  on  his  horizontal  deflection  is  so  small  that  it  will  be  neglected.  From 
Sect.  1,  the  deflection  of  a  simple  cantilever  beam  due  to  a  load  P  is  given  by  the  expression 
^  =s  PP/3EI.  To  reduce  this  value  to  a  general  expression  adaptable  to  all  forms  of  walls, 
the  term  l*/3EI  will  be  called  the  deflection  coefficient  of  the  wall.  In  the  work  to  follow,  this 
coefficient  will  be  denoted  by  k,  using  subscripts  1  and  2  respectively  to  indicate  the  left  and 
right-hand  walls.  With  this  notation,  the  total  movement  of  points  A  and  F  of  Fig.  243^  (b) 
for  the  forces  shown,  is  given  by  the  expression 

A  -  (^  -  Hi)ki  +  (^  +  Ht)kt 
from  which 

A  =  H(ki  +  kt)  -  Hiki  +  HJct  (4) 

£>iuating  eqs.  (3)  and  (4)  and  solving  for  H,  we  have 

which  is  a  general  expression  for  the  thrust  on  the  walls  due  to  a  rigidly  attached  truss  of  the 
type  shown  in  Fig.  242. 

To  illustrate  the  application  of  eq.  (5)  to  a  given  set  of  conditions,  certain  assumptions  will  be  made  regarding 
the  walls  supporting  the  truss  of  Fig.  242  and  the  resulting  thrust  on  these  walls  will  be  calculated.  Suppose  that 
the  truss  under  consideration  is  rigidly  attached  to  a  masonry  wall  18  in.  thick  and  15  ft.  high,  and  assume  that 
because  of  window  openings,  a  section  of  wall  8  ft.  long  is  available  to  resist  the  thrust  of  the  trusses,  which  will  be 
assumed  to  be  16  ft.  apart. 

For  the  applied  dead  and  wind  panel  loads  shown  in  position  on  Fig.  242(a),  it  can  be  shown  that  Hi  •  Ht 
■>  2,800  lb.  To  this  load  must  be  added  the  effect  of  wind  on  the  side  walls.  As  stated  above,  this  effect  will  be 
assumed  to  be  due  to  a  load  10A/4,  where  10  «  load  per  foot  of  wall.  For  a  30-lb.  wind  load  acting  on  a  15-ft.  wall, 
trusses  16  ft.  apart,  wh/4  -  3^  X  30  X  16  X  15  -  1800  lb.  The  total  horisontal  load  is  then  Hi  ^  Ht  ^  2800 
+  1800  »  4600  lb.  Since  the  walls  are  alike,  and  are  simple  cantilever  beams  of  height  A,  the  value  of  the  deflec- 
tion constant,  as  defined  above,  is 

•*»       **       SBI 

where  E  ^  modulus  of  elasticity  of  the  material  composing  the  wall,  which  will  be  assumed  to  be  3,500,000  lb.  per 
sq.  in.;  and  /  «  moment  of  inertia  of  the  wall  section,  which  is  given  by  the  formula  /  ■■  Ha  ^*'  For  the  assumed 
conditions,  A  •  15  ft.  »  180  in.;  b  "effective  width  of  wall  •  8  ft.  •  06  in.;  and  d  •  thickness  of  wall  •  18  in.; 

and 

(180)» 

*  M  ^        ^ .  0  0000110 

*  C3)(3,600,000)(Ha)(96)(18)«       ""wuiiw 

The  term  Hiki  —  HJtt  of  eq.  (5)  can  readily  be  seen  to  be  equal  to  sero  for  the  assumed  conditions.     Table  2 

Oft  I 

gives  directly  the  term  ^'Tk^*  for  the  stresses  S*  are  exactly  the  same  as  given  by  Table  1.     The  term  2^Tk^*  u> 

readily  calculated  from  the  values  given  in  Table  2.  Col.  8  gives  the  several  values  and  the  required  summa- 
tion. The  value  of  iki  +  fct  ■■  2k  can  be  determined  from  the  calculations  given  above.  Substituting  these  values 
in  eq.  (6),  we  have 

0.2078 
^  "  0.00002023  +  0.00002380  "  ^^^^  ^^' 

which  is  the  thrust  of  the  trusses  on  the  walls  for  the  assumed  conditions. 

The  combined  fiber  stress  in  the  walls  due  to  the  bending  moments  induced  by  the  total  horisontal  loads  at  the 
tope  of  the  walls  must  be  investigated.  From  Fig.  243(b),  it  can  be  seen  that  the  maximum  fiber  stress  will  oocur 
at  the  inside  lower  edge  of  the  right-hand  wall.  This  fiber  stress  is  to  be  determined  for  bending  due  to  horisontal 
forces  and  compression  due  to  the  weight  of  the  wall  and  the  truss  reactions  at  the  wall.  As  stated  above,  Ht 
->  4600  lb.  Hence  the  total  horisontal  force  is  ^  -t-  Ht  -  4710  -|-  4600  -  9310  lb.,  and  the  bending  moment  at 
the  foot  of  the  15-ft.  wall  is  9310  X  180  —  167,500  in.-lb.  Since  the  wall  section  is  rectangular,  the  fiber  stress  due 
to  bending  is/*  ■■  6M/bd*,  where  b  »  effective  width  of  wall  »  96  in.,  and  d  —  thickness  of  wall  »  18  in.     Hence, 

.        (6) (167.500)        _..  ,, 
•^*  ■      (96)(i8y«~  "  ^^  "^'  *°' 

This  fiber  stress  is  tensile  on  the  inside  edge  of  the  wall.  The  compression  at  the  same  point  due  to  the  weight  of 
the  wall  and  the  truss  reaction  is  equal  to  the  total  load  divided  by  the  effective  area.  Assuming  that  the  material 
composing  the  walls  weighs  160  lb.  per  ou.  ft.,  the  weight  of  the  wall  is  8  X  1.5  X  15  X  160  -  28,800  lb.     From 
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K  Uu  totU  vertical  lowl  ■  28,800  +  10,800  - 
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-  23  lb,  P 


The  n»u1Uint  fiber  ■ 
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ben.  which  muat  include  the  crtecl  ol 
of  the  walli,  can  be  determined  Itom  eg.  (2).  Cola. 
9  and  ID  live  all  of  the  neceMarr  caletdationa.  and 
col.  10  givea  the  Goal  atreaaea.  The  value  of  H  ahould 
indude  (he  effect  ef  wind  on  the  dde  walla.  Hence 
tor  the  I8-iD.  wall.  H  -  4710  +  ISOO  -  OSlOlb. 

177.  AnalTSisof  Stresies  in  a  Hamiaer- 
beatn  Truss. — A  typical  framework  for  & 
hammer-beam  truss  is  shown  in  Fig.  244  (a). 
The  curved  membera  near  the  center  of  tbe 
truss,  and  aU  other  members  which  are  used 
for  ornamental  purpoMS,  have  been  re- 
moved. Figs.  234  and  23S  of  Art.  175  show 
complete  trusses  of  this  type. 

As  shown  by  Fig.  244  (a),  a  typical 
hammer-beam  truss  can  be  considered  to 
be  composed  of  three  parts.  These  parts 
consist  of  a  truss,  shown  by  DFK,  and  two 
parts,  shown  by  A  BDH  and  the  correspond- 
ing part  on  the  right,  which  coDtain  the 
hammer-beam  BH.  The  entire  framework 
is  supported  at  A  and  L  by  masoary  walls 
which  are  continued  upward  to  the  level  of 
point  B. 

Strictly  speaking,  a  truss  of  the  form 
shown  in  Fig.  244  (a)  is  statically  indetermi- 
nate, for  the  top  chord  member  BDF  is  gen- 
erally made  continuous  from  end  to  end. 
Also,  the  portions  of  the  truss  containing  the  hammer-beams  are  generally  rigidly  fastened  to  - 
the  masonry  walls.  However,  by  assuming  that  the  hammer-beam  portion  of  the  truss  is 
supported  at  the  masonry  wall,  point  A  of  Fig.  (a),  by  a  hinge-like  detail,  and  also  that  the 
connection  between  the  truB&  DFK  and  the  hammer-beam  is  a  hinge,  the  stresses  become 
statically  determinate.  These  assumptions  are  reasonable,  for  at  joint  D  only  the  resisting 
moment  offered  by  the  chord  section  is  opposed  to  any  distortion  of  the  structure.  This 
resistance  is  not  great,  and  can  be  neglected  without  sensible  error.  A  rigid  connection 
between  the  wall  and  the  hammer-hcam  portion  of  the  truss  'is  hard  to  make,  and  it  is 
therefore  likely  that  the  assumed  conditions  closely  approximate  the  actual  conditions. 

■  See  Sm.  2,  Art.  143. 
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Under  symmetrical  vertical  loads,  the  truss  shown  by  the  full  lines  of  Fig.  244  (a)  is  a 
stable  structure.  To  hold  the  several  parts  of  the  framework  in  equilibrium,  the  reactions  at 
A  and  L  must  be  inclined  to  the  vertical.  When  the  structure  is  subjected  to  inclined  loads, 
such  as  wind  loading,  the  full  line  framework  of  Fig.  244  (a)  is  not  in  stable  equilibrium.  Ad- 
ditional members  must  be  provided  which  will  offer  the  resistance  necessary  to  prevent  collapse 
of  the  structure.  This  resistance  to  distortion  is  provided  by  the  curved  members  joining  points 
HG  and  GM.  The  end  connections  of  these  members  can  be  so  arranged  that  they  will  take 
compression  only.  In  this  respect  these  members  form  counters,  which  act  only  under  unsym- 
metrical  loading.  It  is  to  be  noted  that  the  reactions  at  the  points  of  support  are  inclined  to  the 
vertical  for  all  conditions  of  loading.  These  reactions  must  be  determined  and  the  wall  sec- 
tion proportioned  accordingly.  This  point  is  important,  for  the  truss  action  assumed  above 
is  based  on  the  fact  that  rigid  supports  are  available. 

The  stresses  in  all  members  of  the  truss  of  Fig.  244  (a)  will  be  determined  for  vertical  panel 
loads  of  unity  placed  as  shown  on  the  truss  diagram.  Since  the  truss  is  assumed  to  be  supported 
by  hinges  at  A  and  L,  and  since  hinges  are  assumed  at  D  and  Kj  the  reactions  at  A  and  L  can  be 
determined  from  the  condition  that  the  equilibrium  polygon  drawn  for  the  applied  loads  must 
pass  through  the  points  A^D^K^  and  L.  This  construction  can  be  carried  out  by  the  methods 
outlined  in  Art.  170. 


Fis.  244  (b)  is  a^force  diagram  constructed  for  one-half  of  the  structure.     By  the  methods  referred  to  above,  it 

was  found  that  I  of  Fig.  (b)  is  the  pole  for  the  equilibrium  polygon  passing  through  points  A^  D,  K^  and  L  of  Fig.  (a). 

Hence  l-a  of  Fig.  (6)  represents  to  scale,  the  amount  and  direction  of  the  reaction  at  A  of  Fig.  (a).    The  diagram  of 

stresses  in  the  members  is  readily  constructed  by  the  methods  of  Sect.  1.     Fig.  244  (6)  sho#s  the  completed  diagram. 

All  stresses  are  indicated  on  the  members,  and  are  denoted  by  D.  L.  (dead  load). 

The  stresses  in  all  members  of  the  truss  were  also  determined  for  unit  wind  loads  acting  normal  to  the  left  hand 
side  of  the  roof  surface,  as  shown  on  Fig.  244  (a).  As  stated  above,  to  maintain  a  stable  structure,  a  curved  member 
GM  must  be  provided.  Although  the  member  provided  is  curved,  the  stress  in  this  member  can  be  determined  as  for 
a  straight  member  connecting  Q  and  M.  This  straight  member  is  shown  by  dotted  lines  in  Fig.  (a).  Having 
given  the  stress  in  this  straight  member,  the  resulting  fiber  stresses  in  the  curved  member  can  be  determined  by  the 
methods  given  in  the  chapter  on  Bending  and  Direct  Stress — Wood  and  Steel,  in  Sect.  1. 

Since  the  presence  of  the  member  OM  eliminates  the  hinge  at  X,  the  framework  can  be  considered  as  divided 
into  two  parts  by  the  hinge  at  D.  The  reactions  at  A  and  L  for  the  assumed  structure  can  be  determined  by  cons- 
tructing the  equilibrium  polygon  which  passes  through  points  A,  D  and  L,  By  the  methods  referred  to  above,  it 
win  be  found  that  point  I  of  the  force  polygon  of  Fig.  (c),  constructed  for  the  applied  loads,  is  the  true  pole  for 
the  required  equilibrium  polygon,  and  that  l-x  and  l-e  give  the  amount  and  directions  of  the  reactions  respectively 
at  A  and  L  of  Fig.  244  (a).  Fig.  244  (c)  gives  the  complete  stress  diagram  as  constructed  for  the  applied  loads. 
All  stresses  are  indicated  on  the  members  in  Fig.  244  (a),  and  are  denoted  by  W.  L.  (wind  load). 

178.  Analysis  of  Combined  Trusses. — Roof  trusses  are  often  framed  by  combining  two 
different  types  of  trusses.  In  Fig.  245,  a  simple  truss,  ABC,  is  supported  at  the  ends  by  a 
bracket,  ADE,  which,  together  with   the 


nBOCnOm 

fivifffnssAK 


Fra.  245. 


(A) 


walk,  forms  a  cantilever  truss  ADF,  The 
combined  structure  thus  formed  can  be 
analyzed  by  separating  it  into  its  paHs. 
Thus  the  truss  ABC  can  be  analyzed  and 
the  reactions  and  stresses  determined.  The 
reaction  of  truss  ABC  can  then  be  applied 
as  a  load  on  the  bracket  ADE  of  Fig.  (6), 
and  the  stresses  in  the  members  of  the 
bracket  and  the  bending  moments  at  the 
foot  of  the  wall  can  readily  be  determined  by  the  methods  used  in  the  preceding  chapters. 

Combination  trusses  formed  from  a  simple  truss  and  an  arched  truss  of  the  ribbed  type  are 
often  encoimtered.  Figs.  237  and  238  of  Art.  175  show  examples  of  this  type.  In  many 
cases  the  arch  members  are  used  only  for  decorative  purposes,  and  are  not  intended  to  carry 
loads  except  possibly  their  own  weight.  In  other  cases  it  is  assumed  that  both  systems  assist 
in  carrying  the  applied  loads.  Under  such  conditions,  the  exact  distribution  of  the  applied 
loads  1o  the  two  systems  offers  a  very  complicated  problem.  While  this  problem  can  be  solved 
by  methods  developed  in  works  on  stresses  in  statically  indeterminate  structures,  in  general  it 
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can  be  said  that  this  procedure  is  not  necessary.  An  experienced  designer  can  generally  esti- 
mate the  probable  distribution  of  loads  between  the  two  systems.  By  separating  the  systems, 
and  treatinir  them  as  independent  structures,  an  analysis  of  stressescan-bemade  which  will 
answer  all  practical  purposes. 


otrtisfnip 
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179.  Typical  Joint  Details  for  Ornamental  Roof  Trusses. — In  general,  the  joint  details 
for  ornamental  roof  trusses  are  similar  to  those  used  in  the  chapter  on  a  Detailed  Design  of  a 
Wooden  Roof  Truss.  The  framing  of  members  in  ornamental  roof  trusses  often  calls  for  joint 
details  in  which  the  members  meet  at  acute  angles,  and  where  several  members  meet  in  a  com- 
mon point.     A  few  of  these  special  cases  will  be  considered  and  t3T)ical  joint  details  will  be 

^hown,  without  going  into  the  details  of  the 
design  methods. 

Fig.  246  (a)  and  (6)  show  details  for  the 
end  joint  of  a  scissors  truss.  The  angle  be- 
tween the  chord  members  is  generally  so  acute 
that  the  details  shown  in  the  chapter  on  the 
Design  of  a  Wooden  Roof  Truss  can  not  be 
used.  Fig.  (a)  shows  a  strap  connecton,  and 
Fig.  (5)  shows  a  bolt  and  cast-block  connection. 
Another  joint  of  a  form  not  encountered 
in  the  simple  roof  truss  designed  in  a  preceding  chapter  is  the  one  at  joint  E  of  the  truss  of 
Fig.  242  (a).  Where  single  pieces  are  used  for  the  lower  chord  members,  this  detail  is  made 
by  halving  the  members  at  the  joint,  as  shown  in  Fig.  247.  Ornamental  iron  straps  are  often 
added  to  hold  the  members  in  place.     Fig.  248  shows  joint  details  in  common  use. 


I — n — ? 


woodin  tfwtnbtr 


Fia.  248. 


ROOFS  AND  ROOF  COVERINGS 

By  John  S.  Branne 

A  good  roof  is  just  as  essential  as  a  safe  foundation.  A  perfect  foimdation  secures  the 
building  against  destruction  starting  at  the  bottom';  a  good  roof  affords  protection  for  the 
building  itself  and  what  the  building  contains,  and  prevents  deterioration  starting  from  the 
top.  A  faulty  roof  may  be  very  difficult  to  remedy,  involving  generally  a  removal  or  the  cost 
of  a  new  roof,  with  probable  changes  in  truss  and  purlin  construction  and  inconvenience  to 
tenants,  merchandise,  or  machinery. 

180.  Selecting  the  Roof  and  Roof  Covering. — In  selecting  the  roof  and  roof  covering  the 
general  requirement  is  to  provide  the  besf,  in  the  sense  of  most  suitablcy  roof  at  the  lea^t  cost. 
To  arrive  at  a  solution  for  the  most  suitable  roof,  the  agencies  must  be  considered  which  attack 
the  roof  from  both  the  outside  and  inside.  These  agencies  depend  upon  the  climatic  conditions, 
the  uses  to  which  the  structure  is  put,  the  fire  risk  and  the  special  imposed  loads  other  than  snow 
and  wind.     Local  building  laws  and  regulations  must  also  be  consulted  in  this  connection. 

In  considering  least  cost  it  is  necessary  to  take  into  account  (1)  the  comparative  prices  of 
suitable  materials  at  the  building  site;  (2)  the  temporary  or  permanent  character  of  the  struc- 
ture; (3)  the  advantage  of  buying  materials  in  larger  quantity  (which  may  determine,  for  ex- 
ample, a  concrete  roof  slab  when  there  is  much  concrete  work  in  the  structure  under  the 
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roof) ;  (4)  the  probable  weather  conditions  during  the  roof  construction;  and  (5)  the  ease  of  plac- 
ing the  roof  materials. 

181.  Conditions  to  be  Considered  in  Roof  Design. 

181a.  Climatic  Conditions. — The  climatic  agencies  which  tend  to  affect  the  in- 
tegrity of  a  roof  are  the  following:  rain,  snow,  ice,  high  winds,  salt  air  (along  the  sea  coast), 
heat,  and  cold. 

Rain. — To  provide  for  rain,  the  roof  must  be  tight  and  have  proper  drainage.  By  proper  drainage  is  meant 
a  fair  slope  for  the  roof  surface,  so  that  water  will  not  remain  in  puddles,  and  also  a  proper  distribution  of  good  sised 
gutters  and  leaders  to  carry  the  rain  water  to  the  ground.  In  determining  the  size  and  distribution  of  the  gutters 
and  leaders  exceptionally  heavy  rains  must  be  taken  into  account  since,  in  case  the  downtakes  are  too  far  apart, 
such  rains  will  produce  a  good  sised  current  of  water  tending  to  abrade  the  gutter  surface  as  well  as  causing  damage 
by  overflow.  The  accumulation  of  leaves,  twigs,  and  rubbish  of  various  kinds  necessitates  strainers  at  all  downtakes 
and  a  periodical  inspection  of  the  roof. 

Snow. — Snow  sometimes  causes  exceptionally  heavy  loads  on  roofs  having  a  slight  slope,  or  on  roofs  with  high 
parapet  walls  as  is  sometimes  found  around  tower  roofs  for  ornate  purposes.  Drifting  snow  may  bank  up  by 
blowing  down  from  high-level  roofs  on  to  roofs  at  lower  levels,  filling  up  "pockets"  where  it  will  remain  until  it  melts 
away.  On  roofs  cons'sting  of  a  series  of  secondary  roofs  as,  for  example,  on  saw-tooth  roofs  or  common  monitor 
roofs,  the  snow  often  is  found  banked  up  deep  in  the  valley  gutters.  Dry  snow,  driven  by  a  high  wind,  will  drift 
through  small  crevices,  which  will  prevent  the  use  of  certain  roofs  over  dynamos  and  electrical  work  generally. 
Snow  prevents  the  use  of  skylights  with  small  inclination  for  shops  that  are  not  heated,  as  in  such  cases  the  snow 
may  remain  for  weeks  aAd  prevent  daylight  from  coming  through. 

Ice. — Ice  is  likely  to  cause  trouble  on  accoimt  of  its  expansive  action  and  its  tendency  to  accumulate  when  once 
started.  On  account  of  this  it  is  necessary  (1)  to  have  perfect  roof  drainage,  meaning  a  proper  slope  of  surface  and 
gutters,  and  capacious  downtakes;  (2)  to  make  a  periodic  inspection  of  the  roof  to  remove  rubbish  accumulations 
around  strainers;  (3)  when  outside  downtakes  Geaders)  are  used,  to  select  the  corrugated  or  expansion  type,  in 
which  the  material  has  a  fair  chance  to  avoid  disruption  due  to  ice  action;  (4)  to  make  wide  and  shallow  gutters 
instead  of  deep  and  narrow  ones;  and  (5)  to  use  wide  flashings  from  eaves  and  valley  gutters  \mder  the  roofing 
material.  In  gutters  where  ice  is  apt  to  form  in  spite  of  precautions  taken  in  planning  the  building,  a  steam  pipe 
running  under  the  full  length  of  the. gutter  wdll  be  fotmd  to  do  good  service. 

Wind. — Wind  pressure  on  the  roof  adds  an  appreciable  amount  of  load  on  a  steep  surface.  The  influence  of 
high  wind  on  the  roof  and  roof  covering  becomes  most  evident  (1)  in  its  driving  action  on  snow  and  rain,  as  referred 
to  above;  (2)  in  its  tendency  to  raise  up  light  roofing  units,  as  slate  shingles  and  light  flat  tile;  and  (3)  in  its  ten- 
dency to  raise  up  and  dislodge  thin  roofing  materials,  like  sheet  metal,  corrugated  steel,  and  prepared  felt  roofings — 
particularly  idong  overhangs  and  eaves,  where  the  fastenings  are  most  exposed  and  the  wind  pressure  most  active. 

Salt  Air. — Salt  air  along  the  sea  coast  has  a  greater  corroding  influence  on  roofing  metab  than  moisture  alone. 
In  such  locations  metallic  roofs  require  more  frequent  repairs  and  painting.  Generally,  acid-laden  air  tends  to 
destroy  metals  quite  rapidly,  and  this  action  becomes  much  greater  when  two  metals  touch,  as  sine  and  copper, 
producing  a  galvanic  action. 

Heai  and  Cold. — Heat  and  cold  act  on  roofs  in  various  ways.  Variation  in  temperature  causes  expansion 
and  contraction,  which  in  some  roofing  materials  must  be  taken  special  care  of  by  expansion  joints.  Great  heat 
will  dry  out  some  felt  and  tar  coverings  so  that  they  will  crack  and  give  opportunity  for  frost  to  destroy  the  covering. 
Attention  should  be  given  to  the  composition  of  such  coverings,  avoiding  volatile  tar  compounds  which  flow  at  a 
comparatively  low  temperature.  Where  a  metal  roofing  is  protected  by  paint,  a  clean  surface  and  a  heat 
resisting  paint  lb  essential.    The  action  of  cold  is  felt  through  the  agency  of  ice  formation  described  above. 

IBlh,  Uses  to  Which  the  Structure  is  Put. — In  dwellings,  from  the  small  house 
to  the  large  public  building  or  hotel,  the  roof  is  generally  in  keeping  with  the  balance  of  the 
building  as  regards  fireproof  or  non-fireproof  construction — the  particular  type  (whether  plank, 
concrete,  tile,  or  gypsum-composition)  depending  upon  climatic  conditions,  fire  risk  and 
exterior  loads.  In  manufacturing  plants,  however,  in  addition  to  the  above-mentioned  con- 
ditions must  be  considered  the  kind  of  roof  most  suitable  for  the  particular  activity  to  be  carried 
on  in  the  building.  In  steel  and  iron  works  and  in  any  plant  where  the  fire  risk  is  great,  a  fire- 
proof roof  is  essential.  In  manufacturing  establishments  using  strong  acids  or  alkalies,  metalh'c 
roofs  or  roofings  will  corrode  rapidly.  It  is  not  good  practice  to  use  a  plank  roof  on  steel  pur- 
lins and  trusses  unless  the  risk  of  the  plank  catching  fire  is  negligible.  Many  cases  are  on  record 
of  total  destruction  of  steel  frame  buildings,  trusses  and  columns,  by  burning  of  the  wooden 
roof  plank. 

Another  condition  to  look  out  for  is  condensation  on  the  under  side  of  roof,  due  to  rapid  cooling  and  lack  of 
porosity  of  roof  materials.  To  overcome  this  in  the  case  of  a  corrugated  steel  roof,  an  asbestos  lining  is  placed  under 
the  roof.  Asbestos  protected  metal  roofing  has  been  used  in  similar  cases,  ako  asbestos  corrugated  roofing.  The 
gsrpsum,  insulated  concrete  roof  and  the  plank  roof — the  latter  sometimes  coated  on  the  underside  with  a  fireproof 
compound — are  good  nonconductors. 
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181c.  Fire  Risk. — ^Fire  risk  is,  necessaxily,  a  consideration  of  vital  importance. 
Mention  has  already  been  made  of  the  advisability  of  using  fireproof  roofs  unless  the  fire  risk 
from  the  inside  is  negligible.  The  surface,  however,  should  always  be  fireproof  to  avoid  a  fire 
starting  fjrom  sparks  or  burning  embers  carried  by  a  high  wind.  Parapet  walls  afford  more  pro- 
tection for  combustible  roof  beams  and  plank  than  a  sheet  metal  cornice.  Fire  walls  projecting 
well  above  the  roof  prevent  a  fire  from  running  along  a  roof.  All  roof  houses  and  bulk  heads 
should  be  fireproof  throughout.  Skylights  should  be  screened  and  also  have  wire  glass.  '  Stand- 
pipes  should  be  conveniently  located  and  long  skylights  or  monitors  broken  up  for  easy  access 
to  any  part  of  the  roof. 

ISld.  Special  Imposed  Loads. — Special  imposed  loads  may  be  crowds  of  people 
as,  for  example,  when  the  roof  is  used  (1)  for  a  school  or  other  playground;  (2)  for  entertain- 
ment, as  hotels,  theatres,  and  restaurants ;  or  (3)  for  manufacturing  processes  in  certain  indus- 
tries.    Such  roofs  must  have  a  wearing  surface  in  addition  to  standard  roofing  requirements. 

181e.  Least  Cost. — In  reviewing  least  cost  the  following  points  should  be  con- 
sidered: 

1.  Least  ooflt  muat  not  under  any  circumatancee  mean  inferior  materials  or  workmanship. 

2.  Best  value  often  received  by  not  using  patented  devices  which  may  bring  a  royalty  into  the  cost. 

3.  Time  required  in  placing  the  roof. 

4.  Well  known  materials  and  standardised  construction  methods. 

5.  Cost  of  upkeep  including  insurance. 

182.  Precautions  in  the  Design  and  Erection  of  Roofs. — Roofs  that  have  to  be  constructed 
in  the  winter  months  must  be  protected  from  the  destroying  influence  of  frost  which  may  per- 
meate the  roof  slab  and  render  it  weak. 

C!oncrete  slabs,  especially  cinder  concrete  slabs,  must  be  protected  from  frost  during  set 
and  followed  up  quickly  by  the  roofer. 

Gypsum-composition  slabs  are  quite  porous  and  must  be  covered  at  the  earliest  possible 
moment  with  the  roofing  to  prevent  snow,  rain,  and  frost  from  breaking  up  the  slab  and  causing 
sags.  Gypsum-compos!tion  roofs  depend  for  their  integrity  more  on  the  suspension  than  the 
bond  principle,  and  may  be  considered  to  rest  on  the  imbedded  steel  wire  cables.  The  cables 
are  stretched  for  considerable  distances  ahead  of  the  slab,  and  ice  or  snow  may  lodge  on  them, 
preventing  wholly  or  in  part  the  bonding  action.  Before  pouring  the  slabs,  the  snow  and  ice 
should  be  removed  from  the  cables,  and  the  roofer  should  follow  immediately  with  his  protec- 
tion. End  bay?  should  be  braced  securely  with  angle  struts  and  diagonals  to  prevent  sideways 
movement  of  purlins  with  resulting  sag  of  slabs. 

On  all  but  the  so-called  "flat  roofs"  (pitch  1  in.  per  foot)  the  roof  material  will  cause  the  supporting  purlins  to 
bend  sideways  toward  the  eaves  unless  prevented  by  sag  ties  anchored  securely  to  a  braced  top  panel  or  heavy  mem- 
ber at  the  i>eak. 

Where  a  choice  haa  to  be  made  between  several  suitable  roofing  materials,  the  fact  that  the  roof  has  to  be 
^^^  placed  during  cold  or  inclement  weather  will  probably  cause  the 

^  choice  of  a  roof  easily  and  qiiickly  placed,  and  offering  least 

'^^  opportunity  to  be  injured  by  snow  and  ice. 

183.  Roof  Decks. 

:f£S^/C!'^'^^    ^  1»3«-   Concrete.-A    remforced    con- 

>/fatfteg<i(«w/A->^gi^  Crete   slab   deck   is    (see   Fig.   249)  probably  more 

durable  and  fire  resisting  than  any  other  type  of 
roof  construction.  The  economy  of  a  concrete  slab 
depends  upon  the  amount  of  concrete  used  on  the 

job.     If  the  floors  are  of  concrete,  or  if  concrete  is 

used  extensively  on  the  job,  the  contractor  will  have 
labor  saving  machinery  at  hand  and  be  in  a  position  to  construct  the  roof  at  a  low  cost. 
CJoncrete  roofs  are  used  extensively  on  fireproof  buildings,  such  as  theatres,  hotels,  oflSce  and 
loft  buildings,  factories,  etc.  Cinder  concrete  being  lighter  in  weight  than  stone  concrete  is 
generally  used.  Piping,  shafting,  Hghting  and  other  fixtures  may  be  fastened  directly  to  the 
imder  side  of  the  slab  by  means  of  rods,  dowels  or  expansion  bolts.  A  concrete  roof  should 
not  be  used  where  condensation  will  take  place  unless  properly  insulated. 
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(^der  concrete  weighs  108  lb.  per  cu.  ft.  Only  clean  steam  boiler  dndeis  should  be  used.  Stone  concrete 
wtigbs  144  lb.  per  cu.  ft.    Reinforcement  may  be  steel  rods,  wire  mesh,  or  esqpanded  metal. 

1836.  HoUow  Tile.— Terra  cotta  hoUow  tile  (see  Figs.  250,  261,  and  252),  both 
porous  and  semi-porous,  are  used  for  roof  decks  in  fireproof  construction.  Either  flat  or  seg- 
mental arches  are  used  in  main  roofs.  For  flat  roofs  of  pent  houses  and  bulk  heads,  and  for 
steep  slopes  as  in  mansard  roofs,  book  tile  are  used,  supported  on  tees.  Hollow  tile  gives  a 
comparatively  light  roof  and  may  be  used  where  concrete  is  found  suitable.  Where  the  roofing 
material  is  to  be  applied  directly  to  the  tile,  porous  tile  should  be  used,  as  it  will  receive  the 
nails.     The  porous  tile  will  prevent  condensation  in  ordinary  cases. 

Book  tile  is  laid  between  tees,  spaced  1  in.  farther  apart  than  the  length  of  tile.  Book  tile  for  roofs  comes  in 
Tarious  lengths  from  16  to  24  in.,  12  in.  wide  and  3  to  4  in.  thick.  The  24-in.  tile  is  generally  used.  Book  tile 
weighs  20  lb.  per  sq.  ft.  for  3-in.  thickness  and  24  lb.  per  sq.  ft.  for  4-in.  thickness.  Roof  tile  weighs  26  lb.  per  sq. 
ft.  for  6-in.  tile;  29  lb.  for  7-ih.,  32  lb.  for  8-in.,  36  lb.  for  9-in.,  38  lb.  for  10-in.,  44  lb.  for  12-in..  50  lb.  for  14-in., 
M  lb.  for  15-in.,  and  55  lb.  for  16-in. 


rara|rT»in 
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Fio.  250. — Segmental  arch.  Fig.  251. — Flat  arch  end  construction. 

183c.  Reinforced  Gypsum. — The  use  of  gypsum  for  roof  slabs  (see  Fig.  253)  is  a 
comparatively  modem  development.  The  first  type  used  was  tile,  3  in.  thick,  2^^  ft.  long. 
Later  on,  tile  up  to  6  ft.  were  used,  followed  by  gypsum  T-beams,  spanning  from  truss  to  truss, 
generally  of  10-ft.  maximum  length.  The  method  used  at  the  present  time  is  to  build  a  center- 
ing that  produces  a  4-in.  slab  and  a  T-beam  of  a  total  depth  of  6  in.  These  T-beams  are  spaced 
6  in.  on  centers.  In  calculating  strength,  no  part  of  the  web  is  considered  as  taking  compression, 
meaning  by  web  the  part  of  the  steam  below  the  slab  itself.  Reinforcement  is  placed  at  the 
bottom  of  the  T-beam;  and  wire  mesh,  needed  principally  for  expansion  or  contraction,  is 
placed  at  the  bottom  of  slab.^ 

Ordinary  concrete  formulas  are  used  with  the  following  working  stresses:  Compression  in  extreme  fiber,  350 
lb.  per  sq.  in.;  shear,  20  lb.  per  sq.  in.;  bond  stress,  30  lb.  per  sq.  in.;  bearing,  300  lb.  per  sq.  in.;  tension  in  steel, 
16,000  lb.  per  sq.in.     Ratio  between  moduli  of  steel  and  gypsum,  30. 

The  gypsum  sets  quickly  and  allows  the  speedy  removal  of  forms.  As  there  is  some  heat  developed  when  the 
gypsum  hardens,  this  property  is  useful  in  cold  weather.  The  form  work  is  executed  to  a  greater  finish  than  for 
chose  used  for  concrete. 


Fig.  253. — Reinforced  gypsum  slab. 

183<i.  Gypsum  Composition. — Gypsum  has  a  low  conductivity  for  heat  and  is  a 
jrood  material  to  use  where  much  moisture  is  present  in  the  air,  as  in  power  bouses,  textile 
mills,  and  similar  manufacturing  plants.  The  suspended  system  consists  of  two  No.  12  galvanized 
cold  drawn  steel  wires  twisted  together,  spaced  from  1  to  3  in.  apart  and  securely  anchored  at 
the  end  purlins  by  means  of  hooks  (see  Fig.  254).  This  system  with  a  3-in.  slab  will  span  10  ft. 
for  a  light  roof  load.  A  4-in.  thickness  is  preferable  for  heavier  loads.  The  supporting  medium 
in  this  type  is  the  series  of  wire  cables,  the  slab  acting  as  a  covering.  An  equalizing  bar  is 
placed  at  the  middle  of  the  span  to  assure  an  equal  deflection  of  the  cables.  The  slab  is  porous, 
as  there  is  present  with  the  g>'psum  other  substances  as  cocoanut  fiber,  shavings,  or  even  as- 

>  Bng.  R4e.,  Dec.  16,  1916,  by  Virgil  G.  Marani,  Cons.  Engr.,  Cleveland,  O. 
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beetos  chips.  In  selecting  this  roof  slab,  inquiry  should  be  made  as  to  whether  the  admixturea 
are  apt  to  cause  discoloration  or  flaking  on  the  undeiside  of  the  slab.  The  slab  should  be 
promptly  protected  from  snow  and  ice  which  quickly  injure  a  porous  slab.  The  liglitnesa  of 
the  material,  about  4  lb.  per  in.  of  tbicknesa,  causes  economy  in  the  supporting  trusses  and 
purlins. 

183e.  Wood.^Woodea  roofs  are  used  in  mill  construction  and  on  frame  build- 
ingH,  and  also  on  steel  structures  where  the  fire  hazard  is  negligible  (sec  Figs.  255,  256,  and  257). 
In  frame  conatraction,  the  rafters  are  generally  spaced  16  in.  on  centeta,  covered  with  ^^-jn. 


— Suspeoded  gyp*i 


— Double  Bhuthing. 


Fio.  358.— "French"  or  <lia«oiua  method  of  layios         Fia,  23».— "Aineri™n"  or  itrBight  method  of  Inyinc 
ubeatoe  ahingla.  ubealoa  shinglwi. 

matched  sheathing.  Where  ahinglee,  tile,  or  slate  is  to  be  used,  ioo6ng  slata  may  be  iioed, 
omitting  the  plank — thus  allowing  a  space  of  2  to  3  in  between  the  slats.  In  mill  construction, 
heavy  roof  timbers  arc  used  with  purlins  spaced  5  to  6  ft.  apart  with  a  3-in.  plank  eheathing. 
With  steel  construction,  nailing  pieces  must  be  bolted  to  the  purlins.  Either  a  single  thickness 
of  plank  heavy  enough  to  sustain  the  loading  may  be  used,  or  two  thicknesses  of  plank,  the 
second  layer  applied  diagonally.  If  wooden  purlins  are  used,  clips  are  provided  on  the  trusses 
for  attaching  the  purlins. 
164.  Roof  Coverings. 

184(1.  Shingles. — Shingles  are  made  of  asbestofl,  wood,  or  metal.  Aabettoa 
Shingles.— Sevonl  makes  of  asbestos  shingles  are  on  the  market.  They  are  made  of  about 
15%  asbestos  fiber  and  85%  Portland  or  hydraulic  cement,  formed  under  a  pressure 
of  700  tons  per  sq.  ft.  Asbestos  shingles  are  very  durable  and  suffer  very  little  from  theclimatic 
conditions.     They  are  ulso  fireproof,  affording  protection  against  sparks.     Theae  shingles  can 
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be  cut  with  s  saw.  They  should  be  applied  on  matched  sheathing  covered  with  slaters'  felt  or 
waterproof  paper  (see  Figs.  268  and  250).  Galvanized  iron  or  copper  nails  should  be  used  for 
fastening.     Weight  of  asbestos  shingles,  2M  to  4yi  Ib.per  sq.  ft. 

Wooden  ShingUt.—Woodea  shingles  are  made  ot  cypress,  cedar,  redwood,  white  and  yellow 
pine,  and  spruce — the  lasting  qualities  in  the  order  given.  White  cypress  shingles  are  the 
most  durable.  Redwood  shingles  are  the  least  inflammable,  and  are  used  extensively  along  the 
Pacific  Coast.  A  shingle  roof  should  have  a  slope  of  6  in.  to  the  foot,  except  for  less  important 
roofs  where  Afri  in.  to  the  foot  may  be  used.  Shingles  may  be  nailed  to  slats,  or  a  plank  sheath- 
ing may  be  used  covered  with  waterproof  paper  or  felt  (see  Figs.  260  and  261).  Standard  size 
of  wooden  shingles :  20  in.  long,  2K  to  16  in.  wide,  ^s  in,  thick  at  butt  end.  1000  shingles  4  in. 
wide  will  lay  111  sq.  ft.  of  roof  surface  with  4-in.  gage   (exposure  to  weather),  125  sq.  ft.  with 


Fia.  260. — 91st  method  of  Uying  wooden  ahinglea.        Fia.  381. — Sheathing  method  of  Uyiag  wooden  shincW. 

4>^-in.  gage,  and  139  sq.  ft.  with  5-in.  gage.  It  will  Uke  900  shingles  to  cover  1000  sq.  ft. 
with  a  4-in.  gage,  800  with  a  4M-in.  gage,  and  720  with  a  5-in.  gage.  Five  pounds  of  three- 
penny nails  or  7H  lb.  of  four-penny  nails  should  be  provided  for  1000  shingles.  A  man  will  lay 
from  1000  to  1500,  4-in.  shingles  per  day  according  to  the  clads  of  work.  For  hip  and  valley 
roofs  5  %should  be  added  for  cutting,  and  irregular  roofs  with  dormers,  10%should  be  added. 

When  the  spue  under  the  ghinEla  ii  to  be  occupied,  the  ehealhing  method  u  the  one  to  be  pnfecred  on  account 
or  protection  from  hut  ud  cold.     The  open  aUt  method  liieB  longer  life  on  account  of  more  venUlatiDu.    The 

MeUU  Shingles. — Metal  shingles  are  made  of  tin,  galvanized  steel,  galvanieed  iron,  zinc, 
or  copper.  They  are  generally  made  interlocking  and  have  stiflener  ribs,  and  are  made  in 
many  shapes  and  sizes.  At  present  they  are  not  much  used,  having  no  great  advantage  over 
wooden  shingles. 

lS4b.  Slate.— Slate  comes  in  sizes  from  7  X  9  in.  to  24  X  44  in.,  and  from  H 
to  H  in.  thick.  The  common  roofing  sizes  used  are  12  X  16  in.,  12  X  18  in,,  12  X  20  in.,  and 
14  X  24  in.  Common  thicknesses  are  ^sin.  and  H'n.  The  ^g- 
thickness  weighs  6}^  lb.  laid,  and  the  H  in.  weighs  8  lb.  Slate  \ 
should  be  laid  with  a  lap  of  3  in.  over  the  second  course  below  (sc 
Fig.  262).  The  top  course  along  the  ridge,  2  to  4  ft.  from  gutters 
and  1  ft.  from  the  hips  and  valleys,  should  be  laid  in  elastic  ci 
A  man  can  lay  2}^  squares  of  slate  per  day.  The  slope  of  n 
should  be  6  in.  per  ft.  for  14  X  24-in.  slate  and  8  in.  per  ft.  for 
amoller  slate.  For  small  sizes  3  penny  nails  should  be  used,  and  for 
12  X  20  in.  and  over,  4  penny  nails.  All  holes  should  be  drilled. 
A  hard  slate  should  be  selected  of  the  tough  and  springy  variety.  If  slate  is  too  soft,  holes 
become  enlarged ;  if  too  brittle,  the  slate  breaks  when  squaring  and  in  shipment.  Slate  should 
be  laid  on  slats  or  sheathing  with  a  paper  or  felt  base. 

184c.  Tin. — Tin  has  been  used  extensively  on  dwellings,  public  buildings  and 
factories.  If  kept  continually  and  thoroughly  covered  with  red  lead  or  oxide,  with  pure 
linseed  oil,  a  tin  roof  properly  laid  will  laat,  in  a  dry  climate,  from  30  to  50  yr.  Much  depends 
on  the  quality  of  the  iron  and  method  of  coating  with  tin.  The  pure  iron  plates  recently 
brought  out,  such  as  the  Armco  iron,  appear  very  good.  As  with  all  metal  roofs,  salt  air 
shortens  the  life.     Tar  paint  or  tar  paper  should  never  be  used  for  tin  roots.     The  I.  C.  grade 
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of  tin  should  be  used  for  roofs  as  it  does  not  expand  as  much  as  the  heavier  I.  X.  grade. 
Sheets  come  in  sizes  of  10  X  14  in.  and  multiples,  and  weigh  50  lb.  per  square  before  the  tin 
is  applied.  General  sizes  used,  are  14  X  20  in.,  and  20  X  28  in.  The  20  X  28-in.  sheets  are 
easier  to  apply  but  the  smaller,  having  more  seams,  make-a  stifFer  roof.  Tin  must  not  be  used 
on  roofs  where  people  are  apt  to  walk.  Roofs  with  a  slope  of  less  than  4  in.  to  the  foot  should 
have  flat  seams  (soldered);  steeper  slopes  may  use  standing  seams  (not  soldered).  Flat 
seams  should  have  edges  turned  H  iu.  and  locked.     Standing  seams  should  have  one  edge 

turned  1)^  in.  and  the  other  edge  turned  IH  in*  per- 
pendicular to  the  sheet.  After  placing  high  and  low 
standing  edges  together,  the  edges  should  be  bent  over 
and  curled  (see  Fig.  263).  Standing  seams  need  not  be 
soldered.  The  cross  seams  are,  of  course,  flat  soldered 
seams.  Long  strips  are  made  up  in  the  shops,  the  side 
seams  formed  on  the  roof.  All  flat  seams  should  be 
locked  and  soldered,  sweating  the  solder  into  the  seams. 
Cleats  should  be  folded  into  the  seams  and  spaced  8  in. 
apart  for  flat  seams  and  12  in.  apart  for  standing  seams. 
Each  cleat  should  be  nailed  into  the  roof  with  two  1-in. 
barbed  tinned  wire  nails.  14  X  20-in  sheets  shoidd  be 
used  for  flat  seams  and  20  ,X  28  in.  for  standing  seams.  Acid  should  never  be  used  as  a 
flux  for  soldering  tin.  Rosin  is  much  to  be  preferred.  Felt  or  waterproof  paper  may  be  used 
under  the  tin  but  never  tar  or  tarred  paper.  With  flat  seams  a  box  of  112,  14  X  20-in. 
sheets  will  lay  180  sq.  ft.,  or  625  sheets  per  1000  sq.  ft.  With  standing  seams  a  box  of  112, 
20  X  28-in.  sheets  will  lay  356  sq.  ft.  or  312  sheets  per  1000  sq.  ft. 

184(i.  Copper. — Copper  is  used  extensively  on  buildings  of  the  better  class  for 
ornamental  purposes,  and  also  on  domes,  mansards,  etc.,  where  a  durable  and  light  roof  is  re- 


Fio.  263. — Tin  roofs. 
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Fio.  264. — Copper  roofs. 


quired.     Its  first  cost  is  high,  but  it  requires  no  paint 
and  the  upkeep  is  low. 

In  hot  climates  copper  is  not  so  durable  as  in 
the  temperate  zone  and  will  oxidize;  great  heat,  gen- 
erally, causing  oxidation  and  buckling.  In  moderate 
climates  the  metal  takes  on  a  coating  of  carbonate 
of  copper  and  turns  green,  and  this  action  prevents 
the  deterioration  from  going  deeper.     As  compared 

with  lead,  it  will  not  creep  on  steep  roofs  from  expansion.  It  is  ductile,  tenacious,  and 
malleable,  thus  easily  worked.  It  has  less  expansion  and  is  more  durable  than  zinc,  and 
presents  a  fine  appearance.  Owing  to  recent  high  cost,  zinc,  and  at  times  lead,  has  been  used 
instead  of  copper.  Lap  seams  should  be  avoided  wherever  possible,  using  instead  trough  or 
roll  seams  (see  Fig.  264).  Copper  sheets  come  in  sizes  24  X  48  in.  to  72  X  48  in.  Soldering 
should  be  avoided  as  much  as  possible.     When  soldering  is  necessary  rosin  should  be  used  for 
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the  flux.     The  usual  sheet  for  roofing  weighs 
12  to  14  ounces  per  sq.  ft. 

184e.  Zinc. — As  a  roofing  ma- 
terial zinc  is  gaining  in  use  in  the  United 
States,  and  has  been  used  very  extensively 
in  Europe.  Usually  Ifi-ounce  zinc  sheets 
are  specified.  Zinc  must  not  be  used  in 
contact  with  other  metals,  except  iron,  on 
account  of  the  setting  up  of  galvanic  action 
due  to  the  almost  universal  presence  of  moisture.  When  used  on  wood  containing  some  acid, 
a  layer  of  building  paper  or  felt  should  be  interposed.  Zinc  is  soluble  in  diluted  acids,  and  is 
attacked  to  some  extent  by  salt  air,  soot,  and  acids  in  some  lumber  with  which  it  may  come  in 
contact.  In  a  dry  clean  air,  zinc  is  very  durable ;  it  can  not  be  bent  and  twisted  like  lead,  all 
sharp  bends  requiring  cutting  and  soldering.     Zinc  may  be  laid  like  tin  with  standing  joints, 


Fig.  265. — Zinc  roofs. 
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Pio.  266. — Lead  roofs. 


but  it  must  be  remembered  that  zinc  has  a  much  greater  coefficient  of  expansion,  which  is  the 
basic  idea  in  all  details  for  zinc  construction  (see  Fig.  2G5).  The  expansion  "roll  cap"  is  rec- 
ommended for  all  seams  running  up  and  down  the  roof.  In  Europe  corrugated  zinc  sheets  are 
used. 

18V.  Lead. — ^Lead  is  used  for  roofing  on  small  curved  siurfaces,  and  on  roofs 
where  there  are  a  number  of  corners  and  projections  to  cover.  It  is  easily  bossed  and  stretched 
and  can  be  made  to  fit  warped  sur-  ^^,^^^8  ^  ^^^^    ■  ^ 

faces  without  cutting   or  soldering.  »^^^g==^=J  -^^^^^Sill  .6^!^ 

While  heavier  than  zinc  or  tin,  the 
reduction  in  labor  may  overcome  the 
handicap  of  more  weight  and  greater 
cost.  Lead  has  a  large  coefficient  of 
expansion  and  will  creep  on  steep 
roofs.  It  should  not  be  used  for  a 
greater  stoetch  than  10  to  12  ft.  with- 
out a  joint  ro  1  or  drip.     It  comes  in 

cast  sheets  6  ft.  wide  and  16  to  18  ft.  long,  and  in  rolled  sheets  6H  to  7  ft.  wide  and  25  to  35  ft. 
long.  Roofing  lead  should  weigh  7  lb.  per  sq.  ft.  A  greater  pitch  than  1  in.  per  foot  should 
not  be  used  unless  creeping  is  amply  provided  for.  Narrow  thick  plank  should  be  used  to 
prevent  warping,  so  that  raised  edges  will  not  cut  the  lead.  Lead  should  not  be  nailed  or 
soldered.  Locks  and  welts  should  be  \ised.  If  possible,  horizontal  joints  should  be  made  by 
providing  drips  (see  Fig.  266).  Joints  from  ridge  to  eaves  sheuld  be  made  on  a  2  to  3-in. 
round.     All  sharp  comers  should  be  avoided. 

184^.  Corrugated  Steel. — Corrugated  steel  roofing  is  generally  laid  directly  on  pur- 
lins, but  sheathing  may  also  be  used.  It  offers  a  rapid  means  of  roofing  at  a  low  first  cost.  Cor- 
rugated steel  is  extensively  used  for  mill  buildings,  train  sheds,  foundries,  wharves,  skip  bridges, 
mine  buildings,  sheds,  etc.     It  should  not  be  used  for  a  smaller  slope  than  4  in.  per  ft.  unless  a 

longer  lap  is  used.  For  long  life  the  sheets  should  be 
kept  painted,  particular  attention  being  paid  to  the 
sheets  along  the  eaves  and  gables,  and  around  the  stacks 
or  other  openings.  Corrugated  sheets  come  in  26-in. 
widths  with  2)^  X  ^-in.  corrugation  as  a  standard. 
Sheets  are  generally  laid  on  the  roof  with  the  end  lap  6 
in.  and  side  lap  two  corrugations,  the  net  covering  width 
2lH  in.,  the  usual  thickness  No.  20  or  No.  22  gage. 
The  sheets  are  fastened  to  the  purlins  with  straps  or 
clips  (see  Fig.  267).  Clips  are  made  of  No.  16  steel,  \\i 
in.  wide  X  2K  in*  long  crimped  one  end  to  go  over  the  edge  of  beam  or  channel  flange. 
Straps  make  a  better  roof.  Straps  are  made  of  No.  18  steel,  ^  in.  wide,  passed  around  the 
purlins  and  bolted  to  sheets  with  ?f  e-ui-  stove  bolts,  one  strap  to  the  linear  foot.  One  b\mdle 
of  hoop  steel  weighs  50  lb.  and  contains  400  ft. 

To  avoid  condenBation,  an  asbestos  lining  (anti-condensation  lining)  should  be  placed  under  sheets,  or  plank 
sheathing  should  be  used.  Sheets  are  either  galvanised  or  not-galvanised  (black).  Black  sheets  must  always 
be  painted,  |»«ferably  with  red  lead  or  iron  oxide  with  pure  linseed  oil.  Where  corrosive  gases  attack  the  sheets, 
as  in  smelters  where  sulphurous  gases  are  produced,  asphalt,  graphite,  or  tar  paints  (pure)  should  be  used,  as  they 
provide  a  more  inert  paint  body. 

Corrugated  steel  is  nailed  to  wooden  sheathing  with  barbed  wire  nails,  8  penny  sise  spaced  12  in.  apart. 
96  nails  weigh  about  1  lb.  20  %  excess  should  be  added  for  waste — No.  22  gage  corrugated  sheets  weigh  170  lb. 
per  square,  black,  and  100  lb.  galvanised.  No.  20  gage  sheets  weigh  205  lb.  and  225  lb.  respectively,  laid,  including 
2  eomigations  for  side  lap,  6-in.  end  lap,  sheet  8  ft.  long  X  26  in.  wide. 

184A.  Asbestos  Protected  Metal. — Asbestos  protected  metal  consists  of  a  steel 
core  encased  in  successive  layers  of  asphalt,  asbestos,  and  a  heavy  waterproofing  envelop. 
Corrugated  sheets  come  in  28-in.  widths,  2^-in.  corrugations  and  5  to  12-ft.  lengths.  Net 
covered  space,  when  laid,  with  iK-in  corrugation  lap  is  24  in.  This  roofing  is  corrosion  proof 
against  acid  fumes,  corrosive  gases^  salt  air,  moisture,  and  alkalies.     Having  small  conductivity 
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for  heat  and  electricity,  it  is  well  fitted  for  many  uses  where  plain  steel  sheets  are  not  suitable. 

Thus,  it  is  an  excellent  material  for  conditions  of  high  humidity  and  large  difference  in  tern- 

_    ^  j^  -    ^   perature,  inside  and  outside  of  building.     It  is  light,  and  is  applied  in  the 

Mansard  Sheets    same  way  as  corrugated  steel;  or  aluminum,  galvanized  iron,  or  copper 

hangers  may  be  used.     Purlins  should  be  spaced  from  3  ft.  10  in.  for  No. 

26  gage  up  to  7  ft.  10  in.  for  No.  18  gage,  on  a  slope  of  4  in.  or  more  in  12 

in.     Colors  are  terra  cotta,  dark  grey,  and  white.     Special  mansard  roof  sheets  28  in.  wide 

X  5  to  10  ft.  long  are  made,  beads  }i  in.  high,  1^  in.  wide,  spaced  6H  ii^*  on  centers  (see 

Fig.  268).     These  sheets  lay  26  in.  to  the  weather. 

184t.  Asbestos  Corrugated  Sheathing. — Asbestos  corrugated  sheathing  consists 
of  asbestos  fiber  and  hydraulic  or  Portland  cement  mixed  with  water  and  sub- 
jected  to  a  pressure  of  9000  lb.  per  sq.  in.     These  sheets  have  a  hard,  smooth    ^^X^f^'XHSis 
surface,  and  make  a  light,  permanent,  fireproof  roof.     They  are  not  affected  ^^\ 
by  acid  fumes,  moisture,  or  other  corrosive  agencies  and  are  insulators  of  heat 
and  electricity.     Purlins  may  be  spaced  3  ft.  apart;  alimiinum  wire  with  lead 
washers  are  used  for  fastening  the  purlins  (see  Fig.  269).     The  asbestos  sheets  are  manufac- 
tured in  lengths  from  4  to  10  ft.,  27H  in.  wide,  1  in.  deep,  and  on  the  average  Ke  in.  thick. 

184j.  Slag  or  Gravel  Roofing.— ^lag  or  gravel  roofing  may  be  laid  on  concrete 
or  gypsum  slab,  or  on  plank  roofing.  With  plank  sheathing  the  roof  should  first  be  covered 
with  dry  felt.  Then  two-ply  felt  (tarred)  is  laid  and  mopped  with  pitch.  Then  on  top  of  this 
three-ply  tarred  felt  is  laid  and  mopped  on  top  with  pitch.  While  the  pitch  is  soft,  it  is  covered 
with  3  lb.  per  sq.  ft.  of  crushed  slag  or  4  lb.  per  sq.  ft.  of  clean  gravel,  well  screened,  of  }i  to  5^- 
in.  size.  With  a  concrete  or  gypsum  slab  the  felt  should  be  omitted  and  the  slab  mopped  with 
pitch  before  laying  the  tarred  felt.  If  the  slab  has  a  pitch  of  more  than  1  in.  in  12  in.,  provision 
should  be  made  for  nailing.  Asphaltic  felt  and  pitch  may  be  substituted  for  coal  tar  felt  and 
pitch.  A  good  gravel  or  slag  roof  should  last  for  20  to  25  yr.  and  is  more  fireproof  than  tin. 
Oils  of  asphalt  do  not  evaporate  as  quickly  as  those  of  coal  tar;  hence  the  life  and  flexibility  of 
the  asphalt  gravel  roof  is  the  greater. 

IMA;.  Prepared  Roofing. — There  are  several  brands  of  prepared  roofing  on  the 
market.     Such  roofings  are  composed  of  either  paper,  felt,  or  asbestos  paper  and  saturated  with 
--- — 55^5^ — ^     different  brands  of  waterproofing  compounds,  and  are  gener- 
•^—-fpr^'^^  /      ally  laid  on  a  plank  sheathing  of  matched  boards.     They  are 

lapped  at  the  edges  and  nailed  to  the  roof  with  galvanized 


mSH^  jf  iron  nails  and  tin  washers,  and  the  seams  are  thoroughly 

J9$aHm  4  in Jt  jf  cemented  together  (see  Fig.  270).     With  some  brands  the  en- 

^^'"'^    ff  tire  surface  is  covered  with  a  water-proof  cement  and  pow- 

^Tmiroof/ngVv^^^  dered  asbestos  sprinkled  on  the  surface.     On  sloping  surfaces 

„       _                  .  of  4  in.  or  more  in  12  in.,  it  is  not  necessary  to  cement  the 

Fia.  270. — Prepared  roofing.  •*    .i  o         •     i    -j  n  i  a     xi_  j  al 

seams  if  the  roofijQg  is  laid  parallel  to  the  eaves  and  there  is 
enough  lap  to  prevent  the  rain  from  driving  in. 

184Z.  Clay  Tile. — Clay  tile  for  roofing  is  made  in  several  different  forms — Spanish 
tile.  Pan  tile,  Ludowici  tile,  plain  tile,  and  several  others.  Plain  tile  come  in  sizes  63^  X  10  J^  X  5^ 
in.  and  are  laid  the  same  as  slate,  with  one-half  the  length  to  the  weather.  Spanish  tile.  Pan 
tile,  and  Ludowici  tile,  aie  of  the  interlocking  type,  and  may  be  laid  on  angle  sub-purlins,  plank 
sheathing,  or  book  tile.  When  laid  on  angle  sub-purlins,  the  tile  is  fastened  with  copper  wire. 
The  underside  of  the  joints  should  be  pointed  to  prevent  dust  and  dry  snow  from  drifting  in. 
A  porous,  non-sweating  tile,  glazed  on  the  top  surface  only,  should  be  used  where  there  is  danger 
of  condensation.  With  book  tile  or  plank  sheathing,  felt  should  be  used  and  the  tile  nailed  on 
with  copper  nails.     Clay  tile  weighs  from  750  to  1400  lb.  per  100  sq.  ft. 

184m.  Cement  Tile. — On  buildings  where  a  permanent,  rapidly  constructed  roof 
is  essential,  cement  tile  serve  the  purpose  admirably.  These  tile  are  made  of  clean  sharp  sand 
and  Portland  cement,  reinforced  with  steel.  They  are  made  in  two  styles,  interlocking  tile 
for  sloping  roofs  and  flat  tile  for  flat  roofs.  The  interlocking  tile  comes  in  various  sizes;  the 
most  common  are  26  X  52  X  J^  in.,  lay  24  X  48  in.  to  the  weather,  and  weigh  about  14  lb.  per 


S«c  S-IS4n1 


STRUCTURAL  DATA 


697 


sq.  ft.  They  have  a  projection  along  the  upper  edge  which  hooks  over  the  purlin.  One  side 
has  a  n>ll,  and  the  other  side  a  rabbet.  Tilee  are  interlocked  by  placing  the  roll  of  one  tile  over 
the  rabbet  of  another  (see  Fig.  271).  Horizontal  joints  are  made  by  lapping  one  tile  over  the 
Ule  below.  No  fastening  is  necessary.  Flat  tiles  are  used  for  roofs  with  a  pitch  of  less  thaa 
4HiD'  >°  12  in.  These  are  IH  in.  thick  and  are  laid  on  I-beam  purlins,  spaced  5  ft.  on  centera. 
The  joints  are  pointed  and  the  surface  is  covered 
with  composition  roofing. 

IMn.  Hetal  TU«.— Metal  tUes  are 
stamped  out  of  sheet  steel,  copper,  tin,  and  zinc, 
to  imitate  clay  tile.  They  are  very  light,  and  the 
first  cost  is  less  than  clay  tile.  They  are  made  in 
different  patterns  and  sizes,  and  are  interlocking. 
As  a  rule  they  are  nailed  to  wood  sheathing 
covered  with  felt.  Metal  tiles  are  not  as  durable 
as  clay  tile,  and  require  frequent  painting-. 

164o.  GUsB. — Glass  roofs  are  used 
on  domes,  green  houses,  and  public  buildings,  and 
on  factories  and  mill  buildings  where  daylight  is 
essential.  For  green  houses,  flat,  plain  glass  is 
generally  used.  Wire  glass,  however,  is  used  where  strength  is  required.  Ribbed  or  other 
glass  with  a  rough  surface  should  not  be  used  for  this  purpose  as  they  diffuse  the  light  rays. 
On  domes,  a  heavy  wire  glass  with  a  surface  having  ribs  or  prisms  on  one  side  is  required,  as 
there  it  is  necessary  to  diffuse  the  light  rays  as  well  as  the  heat  rays.  On  factories  and  mill 
buildings  the  usual  practice  is  to  have  glass  inserts,  although  a  few  buildings  have  been  con- 
structed with  the  entire  roof  made  of  glass.  Glass  inserts  may  be  cast  in  cement  tileslabs,or 
corrugated  glass  sheets  may  be  used,  reinforced  with  wire,  in  conjunction  with  corrugated  steel, 
asbestos,  or  asbestos  protected  metal  sheets. 


I.  271.— Cflmi 
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186.  Condensation  on  Roof  B. — Condensation  takes  place  when  the  temperature  inside  the 
building  is  much  higher  than  the  outside  and  when  there  is  enough  moisture  in  the  air  to  reach 
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the  dewpoint.     The  best  of  ventilation  is  necessary  to  prevent  condensation.     In  buildings 
where  there  is  little  or  no  heat,  condensation  can  be  wholly  avoided  by  proper  ventilation. 

Tar  and  gravel  roofing  ia  a  poor  insulator  and,  when  used  on  plank  sheathing,  there  is  danger  of  decay  of  the 
wood  where  such  roofs  are  subject  to  heat  and  moisture.  The  warm  air  goes  through  the  plank  qiiite  readily  and 
strikes  the  cold  under  surface  of  the  roofing  causing  condensation.  During  the  heating  season  the  upper  surface  of 
the  plank  is  continually  moist.     This  may  occur  near  the  peaks  where  the  hot  vapors  abound. 

To  prevent  condensation  forming  under  concrete  slabs  they  must  be  insulated.  This  may  be  done  by  insulat- 
ing the  outer  surface  from  cold  or  the  inner  from  heat  radiation.  In  the  latter  method  the  slab  will  not  only  be  in- 
sulated on  the  inner  surface  but  will  also  be  insulated  to  a  certain  degree  by  the  roofing  material  on  the  outside. 

186a.  Methods  of  Insulating  Roofs  on  the  Outside. — There  are  several  methods 
of  insulating  roofs  on  the  outside. 

A  cinder  fill  is  probably  the  most  extensively  used  for  insulating  a  concrete  roof  slab,  as  it 
serves  the  double  purpose  of  insulation  and  drainage.  This  provides  an  efficient  insulation  for 
buildings  except  where  there  is  excessive  moisture  present  as  in  paper  mills,  power  housee,  etc. 

A  cinder  concrete  fill  also  makes  a  good  insulation  for  a  concrete  slab,  but  is  not  quite  as 
efficient  as  cinder  fill,  and  is  more  costly. 

A  3  or  4-in.  soft  clay  partition  type  hollow  tile  laid  end  to  end,  to  provide  a  continuous  air 
space,  makes  an  excellent  insulation  for  all  types  of  buildings.  Plastic  cement  should  be  laid 
at  the  walls  to  take  care  of  the  expansion.  Hollow  tile  can  only  be  used  on  sloping  roofs  as 
it  does  not  provide  for  drainage. 

A  combination  of  hollow  tile  and  cinder  fill  probably  gives  the  best  insulation  that  can  be 
constructed  without  the  use  of  cork.  It  combines  the  advantages  of  both  the  cinder  fill  and 
the  hollow  tile,  and  provides  a  drainage  for  the  flat  slab. 

A  double  roof  construction  on  concrete  slabs,  consisting  of  the  usual  slab  and  a  thin  auxiliary  slab  supported 
on  a  wood  frame  construction,  gives  very  good  results,  but  is  expensive  and  non-fireproof. 

Roofing  blankets,  consisting  of  felt  or  heavy  tar  or  building  paper  placed  under  roofing  material,  will  gi«re  a 
sufficient  insulation  for  buildings  used  for  light  manufacturing  purposes,  warehouses,  etc.,  where  very  little  moisture 
is  present.  A  blanket  of  one  or  two  layers  of  cork  1  in.  thick  gives  excellent  results  but  is  expensive.  Cork  in  con- 
junction with  hoUow  tile  gives  an  insulation  that  is  practically  perfect. 

186&.  Methods  of  Insulating  Roofs  on  the  Inside. — Roofs  insulated  on  the  inside 
by  means  of  suspended  ceilings  give  good  results  for  all  classes  of  buildings,  paper  mills,  textile 
mills,  power  houses,  etc.  This  forms  a  dead  air  space  which  prevents  radiation  of  heat. 
Metal  lath  is  hung  below  the  slab  and  covered  with  plaster  (1  part  hydrated  lime,  5  parts 
Portland  cement  and  12  parts  sand,  mixed  before  water  is  added,  and  containing  long  cow 
hair).     There  is  danger  of  the  metal  lath  rusting  and  it  will  not  stand  a  hot  fire. 

Gypsum  is  a  fine  material  to  use  for  slabs  where  condensation  is  ieared.  It  requires  no 
other  insulation  and  has  given  good  satisfaction  on  many  buildings. 

Asbestos  provides  another  means  of  insulation  and  is  used  in  the  form  of  asbestos 
corrugated  sheathing  and  asbestos  protected  metal. 

When  corrugated  steel  sheets  are  used  in  mill  buildings,  an  effective  insulation  consists  cf  one  or  two  layers  of 
asbestos  paper,  followed  by  two  layers  of  building  paper,  placed  under  the  corrugated  steel  sheets,  and  prevented 
from  sag  by  a  wire  netting  stretched  over  the  steel  purlins.     This  is  the  simplest  form  for  an  inexpensive  roof. 

186.  Parapet  Walls. — Buildings  \^ith  exterior  and  division  walls  of  masonry  should 
have  parapet  walls  formed  by  building  the  walls  above  the  roof,  except  in  detached 
buildings  with  overhanging  eaves  where  a  cornice  is  used.  For  residence  buildings  parapet 
walls  should  be  8  in.  thick  and  extend  2  ft.  above  the  roof  for  exterior  walls  and  8  in.  for 
divi&ion  walls.  For  public  and  business  buildings  they  should  be  12  in.  thick  and  extend  3  ft, 
above  the  roof.  Parapet  walls  are  coped  with  terra  cotta,  stone,  concrete,  or  cast  iron.  Para- 
pet walls  are  a  protection  against  fire  (see  Art.  209  for  details). 

187.  Cornices. — Cornices  made  of  sheet  metal  arc  often  used  instead  of  parapet 
walls.  Better  architectural  effects  may  thus  be  obtained  and  the  cornices  may  be  worked  in 
with  the  gutter.  Brackets  of  sufficient  strength  must  be  provided  for  the  cornices  (see  Art: 
208  for  details). 
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ROOF  DRAINAGE 

By  John  S.  Brannb 

Wh^i  the  designer  baa  determined  upon  the  beet  roof  for  a  building,  in  the  sense  of  the  most 
suitable  roof  at  the  least  cost,  he  must  also  have  solved,  generally,  the  problems  of  getting  rid 
of  the  roof  water.  A  carefully  planned  roof  drainage  has  much  influence  on  the  life  of  the  roof 
and  roof  covering,  and  contributes,  although  to  a  lesser  degree,  to  the  sightliness  of  the  struc- 
ture and  to  the  convenience  of  tenants. 

188.  Provisions  for  Proper  Drainage. 

188a.  Pitch. — A  roof,  in  order  to  be  watertight,  must  have  sufficient  pitch  or 
slope  to  shed  the  water  and  prevent  it  from  blowing  or  backing  in  imder  the  roofing.  With  a 
sealed  roof  covering  only  enough  slope  to  enable  the  water  to  flow  off  is  necessary,  but  with  a 
shingle,  tile,  corrugated  steel,  or  slate  roof  more  slope  must  be  provided  to  prevent  fhe  water 
from  backing  up  and  running  into  the  building  at  the  horizontal  laps.  The  following  slopes  are 
the  minimum  that  should  be  used  for  various  roof  coverings:  wood  shingles,  6  in.  vertical  to  12 
in.  horizontal;  slate,  6  in.;  tile,  4  to  7  in.;  corrugated  sheathing,  4  in.;  metal  flat  seams,  H 
in;  metal  standing  seams,  8  in.;  ready  roofing,  1  in.;  slag,  }i  in,;  and  gravel  H  ii^- 

188&.  Flashing. — One  of  the  most  important  things  about  a  roof  is  the  flashing. 
Flashing  may  be  of  Ix  tin,  Id-oz.  copper,  14-oz.  zinc,  or  composition.  It  should  be  high  enough 
to  prevent  the  water  from  backing  up  or  flowing  over  the  top  (see  Fig.  273a).     Narrow  flashings 
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Fia.  273.— Flashing. 

are  frequently  used  with  a  mistaken  idea  of  economy,  and  always  are  a  source  of  trouble.  Along 
a  waU,  the  flashing  should  extend  8  to  10  in.,  or  higher  if  there  is  danger  of  the  water  backing  up, 
due  to  the  clogging  of  roof  leaders,  causing  water  pockets.  With  corrugated  sheets,  flashing 
is  used  with  one  wing  corrugated  to  match  the  sheets,  covered  with  a  two  corrugation  lap  (see 
Fig.  2736).  In  valle3rs  and  around  stacks,  the  flashing  should  extend  in  12  in.  (or  more)  up  the 
slope  (see  Fig.  273  c).  On  the  ridge  it  is  customary  to  use  flashing,  a  ridge  roll,  or  a  cap.  Flash- 
ing along  high-class  brick  and  stone  walls  may  be  coimter  flashed  with  4-lb.  lead  extending 
1  to  2  in.  into  the  wall,  and  down  to  within  1  in.  of  the  roofing.  Lead  wedges  should  be  used  in 
the  joints  to  secure  the  counter  flashing.  All  seams  must  be  riveted,  or  locked  and  soldered. 
With  a  composition  roofing  the  felt  should  be  turned  up  the  wall,  well  mopped  with  tar  or  as- 
phalt, and  counter  flashed.  If  there  is  danger  of  breaking  the  felt,  a  metal  flashing  should  be 
used,  extending  12  in.  under  the  felt  and  sealed  to  the  felt  with  tar  or  asphalt. 

188c.  Gutters. — Great  care  must  be  taken  in  selecting  the  type  of  gutter  to  be 
used.  On  flat  roofs  having  projecting  eaves  a  gutter  should  never  be  placed  at  the  edge  except 
in  warm  climates  where  there  is  no  frost.  With  a  roof  of  this  type,  the  snow  will  melt  on  the 
portion  of  the  building  that  is  heated  and  run  down  on  the  colder  projection,  and  form  ice.  As 
the  ice  grows  thicker  the  water  will  back  upon  the  roof  and  find  its  way  over  the  flashing  and 
under  the  roofing  material.  A  gutter  should  be  formed  behind  the  wall  line  by  flattening  out 
a  5-in.  single  bead  eaves  trough  and  bending  up  the  beaded  edge  3H  in.  perpendicular  to  the 
roof,  the  remainder  laying  flat  on  the  roof.  This  should  be  placed  so  that  it  will  drain  into 
inside  leaders.  Wherever  eaves  troughs  are  used,  snow  guards  should  be  placed  to  prevent  the 
snow  from  sliding  down  the  roof  and  bending  or  breaking  the  gutter.     In  designing  guttera, 
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the  aise  and  location  of  leaders  must  be  taken  into  account.  Gutters  are  generally  made  the 
same  sUeas  the  leaders  unless  the  leaders  are  spaced  more  than  50  ft.  apart,  then  the  siie  of 
gutten  must  be  increased  1  in.  for  every  additional  20  ft.  of  leader  spacing  for  sloping  roofs. 
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and  for  every  additional  30  ft.  of  leader  spacing  for  flat  roofs.  Gutters  smaller  than  5  in. 
are  difiicult  to  solder  and  had  better  not  be  used.  Gutters  have  generally  a  height  of  1^ 
times  the  bottom  diameter.  If  box  gutters  are  used,  they  should  have  an  equivalent  ares. 
Gutters  should  slope  1  in.  in  15  ft. 
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188d.  L«adera> — Hie  eiie  of  leadeis  depends  on  the  rate  of  rainf  &U  and  the  number 
used.  A  sufficient  sise  of  leadermust  be  provided  to  keep  the  roof  free  from  water.  The  rate  of 
rainfall  varies  greatly  in  different  localities,  but  provisions  for  handling  a  rainfall  of  5  in.  per  hour 
nilll  do  for  practic(Jly  all  purposes.  A  good 
rule  is  to  provide  1  sq.  in.  of  leader  area. for 
every  150  sq.  tt.  of  roof  surface.  Leaden 
should  be  spaced  not  more  than  SO  ft.  apart  for 


peaked  roofo  and  not  more  than  75  ft.  apart  for  flat  roofs.  The  leaders  should  not  be  leas 
than  4  in.  in  diameter  for  maJc  roofs  and  Sin.  for  porch  roofs  and  sheds.  Inside  leaders  should 
be  made  of  extra  heavy  cast-iron  or  galvanized 
wrought-iron  pipe  with  a  trap  wherever  they 
open  at  the  roof  near  dormers,  chimneys,  and 
ventilating  shafts.  Outside  leaders  should  be 
'   made  of  galvanized  iron  or  copper.     All  roof  ^ 
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connections  should  be  made  watertight  with  copper  ferrules.     It  is  well  to  bear  in  mind  the 
advantage  of  using  the  expansion  type  of  outside  leader,   consisting  generally  of  a  sheet, 
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bent  in  the  form  of  a  square,  with  an  expanding  joint,  and  with  the  sheet  painted  with  red 
lead  on  the  inside  before  being  bent  into  the  leader  shape,  A  durable  metal  is  necessary. 
Since  copper  is  very  expensive,  although  also  very  lasting,  a  pure  iron  may  be  used,  galvanized 
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— as,  for  example,  the  Armco  iron.      At  the  leader  basket,  strainers  should  be  placed  at  a 
leader  entrance  to  keep  out  leaves  and  twigs. 

188e.  Catch  Basins. — Catch  basins  should  be  made  of  copper,  8  in.  square,  4  in. 
deep  and  with  a  4-in.  flange  at  the  roof.  The  edge  should  be  raised  ^  in.  to  prevent  pitch  from, 
running  in  when  the  last  coat  is  applied. 

188/.  Methods  of  Obtaining  Drainage  Slopes  on  Flat  Slabs. — Concrete  roof  slabs 
are  generally  made  level  to  decrease  the  cost  of  the  form  work.  Some  means  for  obtaining  the 
necessary  slope  for  drainage  must  be  provided.  This  is  generally  done  by  placing  a  cinder  fill  or 
a  cinder  concrete  fill  on  top  of  the  slab,  or  by  placing  a  thin  slab  supported  by  wood  above  the 
main  slab.  The  latter  method  is  but  Uttl6  used  as  it  is  expensive,  and  falls  in  the  non-fireproof 
class.  A  cinder  fill  ia  lighter  and  cheaper  than  a  cinder  concrete  fill.  A  good  grade  of  steam 
boiler  cinders  should  be  used.  They  should  be  graded  to  give  the  proper  slope,  should  have  a 
minimimi  thickness  of  3  in.,  and  be  well  tamped  and  sprinkled.  A  cement  mortar  fimsh,  1  in. 
thick  (composition:  1  cement  to  3  sand)  must  be  floated  on  before  the  cinders  dry  out.  The 
mortar  finish  must  be  kept  from  1  to  2  in.  away  from  walls,  and  joints  should  be  filled  with 
plastic  cement.  Cinder  fill  weighs  from  50  to  60  lb.  per  cu.  ft.  Cinder  concrete  fill  is  similar 
to  cinder  fill,  the  difference  being  that  1  part  of  cement  is  added  to  8  parts  of  cinders  and  the 
finish  is  made  ^  in.  thick  instead  of  the  1  in.  for  the  cinder  fill. 

189.  Drainage  Schemes. — In  order  to  get  the  best  service  from  a  drainage  scheme  it  is 
necessary  to  consider  usefulness,  durability,  materials,  workmanship,  and  fitness. 

189a.  Usefulness. — The  water  must  be  drained  from  the  roof  as  quickly  as 
possible,  and  at  the  groimd  level  it  must  be  provided  with  a  suitable  drain  to  run  it  to  the  sewer, 
street  gutter,  or  to  the  rain  water  cistern,  far  enough  from  the  building  to  be  sure  that  it  will 
not  find  its  way  into  the  cellar.  The  rain  water  cistern  is  a  large  hole  in  the  ground,  lined  with 
stone  or  brick  laid  in  cement  mortar,  and  filled  with  graded  stone.  In  the  smaller  cisterns  the 
lining  is  often  omitted.  When  the  lined  type  is  used,  the  water  is  available  for  the  tenants  for 
household  use;  with  the  unlined  variety  the  object  is  to  make  the  water  seep  into  the  subsoil. 
The  slope  of  the  roof  gutter  must  not  be  too  steep  as  this  will  cause  a  rapid  current,  causing 
backing-up  of  water,  overflow,  and  abrasion  of  the  gutter  surface,  which  is  most  objectionable 
with  roofings  with  a  sanded  or  pehbled  surface.  Where  open  valley  gutters  shed  a  stream  on  a 
lower  roof  surface,  the  latter  must  be  protected  against  abrasion  and  leakage  by  properly 
distributing  the  flow  through  a  spreader,  which  discharges  on  a  specially  reinforced  roofing 
surface.  The  better  way  is  to  carry  such  masses  of  water  in  their  own  leaders  direct  to  catch- 
basin,  and  terminate  such  leaders  so  as  to  throw  the  flow  of  water  in  the  direction  wanted,  and 
avoid  the  possibility  of  water  rushing  up  under  flashings. 

In  buildings  with  overhanging  eaves  the  water  ia  frequently  allowed  to  drip  on  the  ground. 
When  such  a  building,  which  may  be  used  for  a  mill  or  a  factor} ,  has  a  series  of  transverse  saw- 
tooth skylights,  with  their  gutters  shedding  water  on  the  main  roof  a  little  distance  below,  the 
water  will  pour  over  the  eaves  in  a  mass  just  where  it  leaves  the  transverse  gutter,  or  very  near 
this  point.  This  condition  seriously  interferes  with  opening  windows  below,  especially  when 
the  windows  turn  on  a  horizontal  pivot,  and  the  roof  overhang  is  small,  as  in  that  case  the 
water  pours  directly  on  the  inclined  window  surface.  Such  conditions  can  be  avoided,  in  part, 
by  a  large  eaves  overhang,  and  better  yet,  by  a  parapet  wall  and  inside  eaves  gutter.  This 
latter  method  also  avoids  the  annoyance  of  eaves  water  coming  down  on  entrance  stairs,  int<o 
mliterial  bins,  or  on  other  articles  placed  close  to  the  building  wall. 

Where  the  buildixigs  hmve  several  roof  levels,  and  the  lower  roofs  drain  into  the  main  leader  from  high  levels, 
it  becomes  necessary  to  provide  a  trap  at  the  junction  of  the  main  leader  and  low-roof  leader.  If  this  is  not  done, 
the  water  rushing  down  from  the  high  roof  will  sometimes  back  up  on  the  low  roof,  especially  if  the  low-roof  leader 
is  short  and  a  large  amount  of  water  is  ptassing  down  the  main  roof  leader.  During  heavy  thunder  showers  it  has 
been  noticed  that  when  this  precaution  is  not  taken  the  water  around  the  low-roof  catchbasin  will  spout  up  several 
feet  in  the  air  and  flood  the  low  roof. 

Whenever  the  roof  water  ia  carried  to  the  ground  by  leaders,  provision  must  be  made  to  drain  the  water  away 
from  the  building  for  reasons  of  sanitation,  sightliness  and  life  of  foundation  walls.  Where  storm  sewers  are  not 
available,  and  the  building  lies  lower  than  the  street,  a  rain  water  cistern  should  be  dug  at  a  distance  from  the 
building  of  not  loss  than  r>0  ft.  The  subsoil  drain  should  be  plared  well  under  the  frost  line  and  have  a  slope  of  about 
1  in.  in  10  ft. 
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The  greatest  demftnd  on  the  roof  drainage  system  oocuis  during  a  heavy  rain  storm  of  short  duration,  say  for 
5  or  10  minutes,  during  which  time  the  rain  may  amount  to  1  in.,  although  such  downpour  seldom  occurs.  This 
shows  the  necessity  of  inspecting  the  drainage  at  least  twice  a  year,  spring  and  autumn,  to  remove  rubbish  and 
repair  damage  done  by  ice  and  rust. 

1896.  Durability  .-^Inspection,  mentioned  above,  is  necessary  for  durability. 
Metal  work  may  require  painting  or  soldering  or  even  renewal,  fastenings  of  the  metal  to  roof 
or  walls  may  have  worked  loose  and  strainers  may  need  to  be  renewed.  Tar  and  felt  roofing 
may  need  to  be  coated  with  tar  or  asphalt  to  fill  cracks  and  to  soften  the  entire  surface.  Sand, 
pebbles,  leaves,  and  twigs  should  be  removed,  leaders  flushed,  and  subsoil  pipe  looked  after. 
It  is  important  to  attend  to  these  things  so  as  to  avoid  rot  and  decay  setting  in  along  the  eaves 
and  walls  where  the  damage  is  not  always  seen  imtil  it  assumes  proportions  calling  for  expen- 
sive repairs.  '  . 

189c.  Materials  and  Workmanship. — Materials  and  workmanship  should  be  of 
the  best.  If  iron  is  used,  the  pure  varieties  should  be  secured  which  in  the  end  are  more  econo- 
nacal  than  ordinary  grades.  Although  black  painted  iron  does  very  well  for  steep  roof  ma- 
terial, it  does  not  measure  up  for  gutters,  leaders,  and  other  parts  where  the  water  remains 
much  longer;  here  the  iron  must  be  tinned  or  galvanised.  If  zinc  or  copper  is  used,  painting 
may  not  be  necessary  except  for  securing  a  harmonious  tint.  For  leaders,  in  all  localities  that 
have  frost,  the  corrugated  or  expansion  type  should  be  used.  When  gutters  are  built  up  of 
tarred  felts,  all  sharp  bends  should  be  avoided  and  sharp  comers  filled  with  wooden  or  mortar 
fillets,  of  large  radius,  so  that  the  felt  may  have  a  secure  base  and  support.  Lead,  copper,  zinc, 
galvanized  iron,  and  tinned  iron  have  lasting  qualities  in  the  order  given. 

189(i.  Fitness. — With  biu'ldings  of  the  better  class,  the  eaves  gutters  may  be 
incorporated  with  the  cornice  and  made  quite  ornate.  Leaders  must  look  well  and  be  placed 
as  much  out  of  the  way  as  possible,  in  the  first  place  for  appearances,  and  in  the  aicond  place 
to  avoid  mechanical  damage  from  the  ground  level  up  to  say  4  ft.  above  the  ground.  For  the 
lower  4  ft.  double  strength  cast-iron  pipe  should  be  used,  which  will  stand  the  impact  of  iron  ash 
cans,  etc.,  taken  out  of  all  residences  once  or  more  during  the  week.  Where  leaders  are  so 
located  that  repairs  are  costly,  the  most  durable  materials  must  be  used.  Where  there  are  no 
eaves  gutters,  as  on  the  simpler  types  of  sheds,  or  manufacturing  buildings,  there  must  never- 
theless be  short  sections  of  eaves  trough  placed  over  main  entrance  stairs  to  prevent  drip  and 
iee  formation  on  the  steps.  Piazza  roofs  should  have  gutters  that  will  drain  readily,  preferably 
having  the  high  level  over  the  main  entrance  steps.  In  the  case  of  small  piazza  gutters,  almost 
level,  an  overflow  is  often  found  directly  over  the  main  entrance  steps  due  to  a  settling  in  the 
shallow  piazza  foundations. 


SKYLIGHTS  AND  VENTILATORS 

By  John  S.  Branne 

190.  Skylights  and  Ventilators  in  General. — For  buildings  occupying  large  areas,  it  is 
often  impossible  to  provide  sufficient  daylight  for  the  interior  by  means  of  windows  in  the  ex- 
terior walls.  In  large  buildings  several  stories  high,  light  courts  are  introduced,  and  in  smaller 
buildings  where  this  can  not  be  done,  light  shafts  are  used,  the  daylight  coming  through  a  sky- 
light placed  above  the  roof  level  where  it  is  diffused  into  the  interior  of  the  building  by  T^indows 
in  the  sides  of  the  lightshaft. 

In  all  large  private  and  public  buildings  the  roof  has  one  or  more  skylights  which  give 
light  to  the  upper  story,  and  sometimes  so  arranged  as  to  help  the  illumination  all  the  way  doi^'n 
in  buildings  of  moderate  height.  In  such  cases  the  skylight  is  often  very  large  and  is  placed 
over  an  open  light  well  which  is  guarded  by  a  railing,  and  contains  the  main  stairway. 

In  one-story  buildings  requiring  an  exceptional  amount  of  light,  as  green  houses  and  horti- 
cultural buildings,  the  entire  roof  is  made  of  glass.  In  one  story  shop  and  factory  buildings 
train  sheds,  etc.,  daylight  is  provided  for  the  interior  by  one  of  the  following  methods  of  provid- 
ing a  glass  surface: 
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1.  Licht  through  gUuM  plaeed  in  the  plane  of  the  roof. 

a.  Glaas  tile. 

6.  GUaa  inserta  in  concrete  tile. 

e.  Gla«s  inserts  in  concrete  slab. 

d.  Corrugated  glass  sheets. 

e.  Flat  glass  skylights. 

/.  Translucent  fabric,  taking  the  place  of  glass. 

2.  Light  through  glased  surfaces  not  in  the  plane  of  the  roof. 

a.  Common  box  skylights. 

b.  Longitudinal  monitors, 
t.  Transverse  monitors. 

d.  Saw-tooth  construction. 

.In  planning  for  light,  the  designer  at  the  same  time  must  keep  ventilation  in  mind,  because 
most  special  skylight  devices  placed  above  the  plane  of  the  main  roof  surface  are  also  well 
adapted  for  securing  ventilation.  A  glazed  surface  may  be  made  wholly  or  in  part  movable. 
The  vertical  (Or  nearly  vertical)  sides  of  monitor  and  saw-tooth  roofs  may  be  made  part  glass 
and  part  louvres.     Louvres  may  also  be  provided  on  the  vertical  sides  of  box  skyUghts. 

The  designer  must  gather  all  the  knowledge  available  as  to  light  requirements,  based  on 
the  occupation  of  the  tenants  of  the  building,  and  on  the  more  or  less  favorable  location  of  his 
building  as  regards  height  and  location  of  surrounding  structures. 

The  necessity  of  the  best  available  light  and  ventilation  for  the  eflSciency  oi  all  the  workers, 
of  whatever  grade  and  responsibility,  is  now  a  well  known  economic  fact,  taken  into  accoimt 
by  every  employer  of  labor.  The  nearer  the  glazed  siu-face  approaches  the  working  floor,  the 
better  the  light ;  but  if  too  near,  the  heat  rajrs  in  summer  will  be  very  uncomfortable. 

North  light  is  the  best  as  there  are  no  direct  s\m  rays.  Where  direct  simlight  will  strike 
the  glazed  surface  of  the  skylight,  glass  must  be  selected  that  will  diffuse  the  simlight;  that  is, 
scatter  or  break  the  direct  rays  so  as  to  reach  the  condition  of  light  without  glare.  Such  glass 
is  ribbed  or  contains  small  prisms,  of  various  styles  as  to  depth  and  spacing  of  ribs  and  prisms. 
When  there  is  no  objection  to  the  loss  of  a  little  light,  rough  glass  is  used.  The  ribbed  and  pris- 
matic types  gather  dirt  very  quickly,  and  require  frequent  cleaning ;  rough  glass  to  a  lesser 
degree.  When  the  glass  is  placed,  due  consideration  must  be  given  as  to  which  side  is  most 
accessible  to  the  window  cleaner,  the  inside  or  outside  face. 

The  amount  of  glass  required  for  mill  and  factory  buildings  depends  entirely  on  occupation 
of  tenants  or  workers,  and  no  general  rule  can  be  given.  30  %of  the  side  walls  used  for  windows 
is  often  found,  and  again  the  entire  side  wall  may  be  glass  except  for  the  space  occupied  by 
wall  pilasters. 

The  roof  light  must  be  studied  with  regard  to  location  of  machinery  or  desks,  etc.,  and  also 
from  the  standpoint  of  possible  leaks,  and  breakage  of  glass.  Care  must  be  taken  in  placing 
skylights  so  as  not  to  place  them  too  near  valleys  or  other  depressions  which  may  cause  snow 
to  cover  them. 

It  costs  more,  of  course,  to  heat  buildings  with  large  glass  surfaces  during  the  winter 
months ;  but  it  should  also  be  remembered  that  there  is  a  saving  of  artificial  light  all  the  year 
around. 

As  regards  fire  protection,  the  following  is  taken  from  the  1909  code  of  the  National  Board 
of  Fire  Underwriters,  p.  103 : 

All  openings  in  roof  for  the  admission  of  light,  other  than  elsewhere  provided  in  this  code,  over  elevator,  stair, 
dumb  waiter  shafts,  and  theatre  stage  roofs,  shall  have  metal  frames  and  sash,  glased  with  wired  glass  not  leas  than 
}i  in.  thick,  or  with  glass  protected  above  and  below  with  wire  screen^,  of  not  less  than  No.  12  galvanised  wire,  and 
not  more  than  1  in.  mesh. 

The  consistent  use  of  wire  glass  in  a  building  may  save  as  much  as  10%  on  the  fire  insurance. 
In  all  large  dwellings,  and  in  many  small  ones,  and  in  all  public  buildings,  means  are 
provided  for  carrying  off  foul  air  by  ventilating  shafts  or  ducts  placed  in  the  walls.  Those  in 
the  walls  are  carried  up  to  the  top  of  the  parapet  or  higher.  When  ventilating  shafts  are 
used,  they  are  sometimes  made  large  and  provide  light  for  interior  rooms.     Such  shafts  must 
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be  fireproof  and  be  carried  not  leaa  than  2  ft.  above  the  roof  when  covered  with  ventilating 
skylight,  nor  less  than  3  ft.  above  the  roof  when  open,  terminating  in  a  tile  or  cement  coping. 

Machine  ahopa,  factories,  ahope,  manufacturing  establishments  of  the  many  types  found, 
often  provide  ventilation  through  the  verticle  sides  of  box  skylights,  through  round  metal  venti- 
lators placed  along  the  ridge,  or  through  the  vertical  or  slightly  inclined  sides  of  monitors  and 
saW' tooth  roofs. 

191.  Hotes  on  GUss.^Glasa  used  in  skylights  of  all  kinds  may  be  plain  or  reinforced : 
the  latter  type  has  wir^mesh  imbedded  in  it.  This  wire  mesh  may  be  placed  between  two  plates 
of  glass  which  are  then  rolled  together;  or  rolled  into  one  plate  of  glass.  Tte  first  type  Js  made  by 
the  "sandwich  process;"  the  second  by  the  '  soHd  process,"  also  called  the  Pennsylvania 
continuous  process. "     The  "solid  process  "  produces  a  stronger  glass. 

Bingle  strength  glass  is  Xi  in.  thick— extreme  size  24  x  60  in.,  30  x  54  in.,  or  36  x  50  in. 
Double  strength  glass  is  H  in.  thick— extreme  size  30  x  90  in.,  38  x  86  in.,  or  48  x  80  in. 
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Ribbed  gliH 

FMtnlite  wire  glui 

Factrolite  flBoi 

The  ribbsd  variety  diffuMa  light  well;  the  factioliU  variety  bu  a  atill  sreater  diffusion,  ud  ciestee  a 
form  Usht.    The  "Aquaduot"  staaa  ia  a  ribbed  gla«  with  deep  aod  nairow  Ktoovee.     The 

Uut  the  capillary  Bttnetioa  wilt  retain  and  cany  olT  condenBation  at  a  slope  as  low  as  10  deg,  with  the  horisoDtal, 
Plain  (lasa  or  wire  (laae.  sandblasted  to  give  it  a  froeled  appeannee,  is  aometiina  usad  lor  nkyljghti. 

Stock  aisea  ot  wire  glass  run  from  14  to  40  in,  wide  and  Imm  60  to  100  in.  Iode.  The  ungupported  width 
■honld  not  exceed  24  in.  If  ribbed  glaia  ie  used,  the  ribs  should  run  parallel  to  the  slope,  or  itand  vertiul  for 
aide  windows.     When  windows  are  double  Biased,  place  the  ribbed  surfaces  towards  each  olner  and  cross  them. 

In  verdeal  or  sU^tly  incliDod  windows,  with  small  danger  of  breakage,  double  or  single  strength  glass  may  be 

IftS.  Skylights  in  Plane  of  Roof. 

193a.  Glass  TDe. — Glass  tiles  are  often  used  on  roofs  in  conjunction  with  clay 
tiles,  and  are  made  of  the  shape  and  size  of  the  clay  tile  so  as  to  match  laps,  thus  requiring  no 
further  attention  than  laying  them  as  decided  by  the  designer  (see  Fig. 
28S).  Sometimes  they  are  laid  in  large  units,  forming  several  large  roof 
lights,  or  in  rows  extending  the  length  or  part  of  the  length  of  the  building ; 
more  rarely  scattered  all  over  with  the  clay  tile.  The  most  economical 
way  is  probably  to  lay  them  in  large  units  or  long  rows  so  as  not  to  be 
constantly  watehing  a  certain  pattern  or  design  scattered  all  over  the  roof. 
1936.  Glass  Inserts  ia  Concrete  Tile. — Glass  inserts  are 
extent  in  concrete  tile  and  are  very  efficient.  The  interlock- 
ing "Bonanza"  tile,  size  to 
weather  24  x  48  in.,  has 
Ji-in.  ribbed  wire  glass  in- 
serts, 14  X  26  in.  (see  Fig. 
289).  Tlie  tile  with  inserts 
may  be  laid  in  continuous 
rows  or  arranged  to  meet 
special    conditions.        The 


ZSe.— Rein- 


Fia.  2S8.— ImperiaJ  tile  with  gU«  tUi 
glass  is  laid  into  the  form  when  the  concrete  is  poured,  and  the  finished  tile  is  shipped  to  the 
building  site  like  the  all-concrete  tile. 

193c.  Glass  Inserts  in  Concrete  Slabs. — Glass  inserts  to  be  used  in  concrete 
slabs  come  in  Attn  from  6  to  6>^  in.  square,  and  from  V.'iXo  1 H  'u.  thick.  Light  concrete  ribs, 
ttsaforced,  are  poured  between  the  inserts  (see  Fig.  290).  The  "units",  made  of  many  small 
inserts,  can  be  made  in  sizes  to  suit  the  beam  or  girder  spacing,  or  purlin  spacing,  and  each 
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unit  is  BUTTOunded  by  a  border  of  concret*.  For  tightneaa  and  to  take  up  expansion  and  con- 
traction, the  unita  are  separated  by  a  thin  joint  of  oakum  packing  covered  with  elastic  cement. 
IMd.  Corrugated  GUu  ShMta. — Cor- 
rugated glass  sheets  are  26  in.  wide,  06  in.  long,  and 
.  >i  in.  thick,  and  have  standard  2^in.  corrugations 
(see  Fig.  272,  p.  597).  TTiey  are  used  with  corrugated 
steel,  corrugated  asbestos,  protected  corrugated  steel. 
The  comiKstioDB  diffuse  the  light  and  heat  rays, 
preventing  glare,  and  the  manufacturers  claim  that  a 
building  covered  with  this  glass  is  no  warmer  in 
summer  than  the  same  building  would  be  if  covered 
with  corrugated  steel  sheets. 

1»2«.  FUt  GUss  SkTll^ta.— Flat  glaSB 
skylights  are  often  used  in  the  plane  of  the  roof  but 
unless  there  is  sufficient  slope  of  roof  to  shed  the  snow 
as  it  falls,  the  light  will  be  shut  off  and  the  purpose  of 
the  skyhght  defeated.  These  skylights  must  be  par- 
ticularly well  flashed,  to  prevent  leaks.  Flat  sky- 
lights should  at  least  have  a  elope  of  2  in.  perfoot. 
193/.  Translucent  Fabric — Translucent  fabric  is  manufactured  by  dipping  a 
wire  mesh  into  an  oil  composition  which  hardens  into  an  amber  colored,  translucent  sheet. 


Fio.  291.— Sltyl[ght  ban. 

t  is  well  adapted  to  buildings  where  the  vibrationsof  running  machinery  are  so  great  as  to  break 
;lft8S.  Also  it  may  well  be  coneidered  in  localions  where  the  foundations  are  apt  to  settle,  as 
n  filled-in  ground,  throwing  purlins  out  of  line,  and  straining  oU  rigid  materials.     This  fabric 
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Type 
FiQ.  292. — ^LoDsitudinal  monitors 


lnver+»d  Type 


withstands  ordinary  heat,  but  when  exposed  to  fire  bums  readily.     The  fabric  softens  a  little 
when  exposed  to  very  high  temperatures.     It  collects  some  dirt  which  should  be  washed  off. 
198.  Skylights  Not  in  Plane  of  Roof. 

198a.  Common  Box  Skylights. — Common  box  skylights  are  better  than  the 
flat  ones  on  account  of  the  greater  ease  of  thorough  flashing  up  along  the  high  curb  to  prevent 
leakage.  The  top  may  be  of  the  same  slope  as  the  roof,  or  may  be  arranged  with  a  ridge  to 
cause  the  snow  to  slide  off.  One  advantage  of  the  high  curb  is  the  possibility  of  arranging 
ventilating  louvres  all  around  the  curb.  When  the  slope  of  glass  top  is  made  7  to  8  in.  per  foot, 
the  snow  will  slide  off. 

1936.  Longitudinal  Monitors. — The  object  of  longitudinal  monitors  is  to  provide 
light  as  well  as  ventilation.  For  the  right  amoimt  of  light  in  a  mill  building,  shop,  or  factory, 
no    set    rules  can  be  i 

given,  but  each  class 
of  building  must  be 
considered  by  itself. 
In  a  general  way,  for 
buildings  with  a 
height  to  eaves  of  16 
to  20  ft.,  with  ample 
side  windows,  say 
about  30%  of  wall 
surface,  no  monitor  is 
required  when  the 
width  of  building  is 
not  over  40  ft.     This 

refers  to  shops  where  the  work  is  done  principally  along  the  wall&,  and  the  central  portion  of 
building  is  used  for  an  aisle.  When  the  width  becomes  greater,  the  monitor  is  placed  along 
the  ridge  of  roof,  and  is  made  about  J^  of  the  width  between  walls.  , 

The  monitor  roof  is  made  of  the  same  roofing  material  as  the  main  roof;  the  monitor  aides  are  glased;  and  the 
sash  is  either  wholly  or  in  part  movable.  A  wide  monitor  having  ita  ridge  in  the  same  vertical  plane  as  that  of  the 
main  roof,  does  not  ventilate  efficiently  under  all  circumstances,  and  under  such  conditions  there  should  be  a  series 
of  round  sheet  metal  or  asbestos  ventilators  placed  along  the  monitor  ridge. 

To  overcome  this  condition  an  inverted  monitor  type  has  been  placed  on  the  market,  with  its  valley  gutter  in 
the  center  and  discharging  hot  air,  smoke,  fumes,  and  dust  very  efficiently  to  the  highest  parts  of  monitor  and 
out  through  louvres  or  movable  sash  (see  Fig.  292). 

The  monitor  roof  may  be  made  of  glass,  if  slope  is  made  sufficiently  steep  to  shed  snow;  and  the  higher  part  can 
be  made  to  swing  up  for  ventilation. 

198c.  Transverse  Monitors. — Transverse  monitors  (Fig.  293)  are  most  adapted 
for  flat  roofs,  or  for  roofs  with  a  slight  slope.     If  used  for  steep  roofs,  the  sash  along  the  sides 

becomes  irregular  and  difficult  to  operate.  When 
the  slope  is  slight,  they  are  practical  in  construc- 
tion and  look  weU.  These  monitors  start  as  near 
the  wall  as  is  necessary  to  get  good  light,  and  have 
glazed  or  louvred  sides,  the  same  as  the  longitudi- 
nal monitor.  With  this  type  of  monitor,  there  is 
an  easy  access  from  one  side  of  building  to  the 
other,  and  they  should  always  be  set  back  from 
the  building  side  sufficiently  to  provide  a  com- 
fortable walk  for  inspection  and  cleaning  of  roof  and  sash.  With  a  truss  spacing  of  16  ft. 
they  should  be  placed  in  every  third  bay,  which  will  place  glazed  sides  about  30  ft.  apart. 
This  type  of  monitor  avoids  the  valley  gutter  which  often  causes  trouble  in  the  saw-tooth 
construction  by  leaking. 

198d.  Saw-tooth  Construction. — Saw-tooth  construction  is  used  to  get  a  very 
strong  north  light.  To  accomplish  this  every  bay  has  a  saw-tooth,  the  steep  side  is  glazed  and 
the  gently  sloping  side  has  solid  roofing.     A  very  even  lighting  is  thus  obtained. 
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Ventilation  is  secured  b}'  making  the  upper  part  of  the  sash  movable  (see  Fig.  294).  Some- 
times round  sheet  metal  ventilators  are  placed  along  the  saw-tooth  ridge,  and  louvres  are  pro- 
vided on  the  two  gable  ends.  When  the  glazed  (steep)  side  faces  due  north,  the  glass  can  be 
perfectly  clear,  if  placed  vertically  or  very  steep,  so  that  the  sun  even  at  noon  cannot  shine 
through.  This  steepness,  in  the  nortberfe  part  of  the  United  States,  should  be  such  that  the 
angle  with  the  horizontal  is  not  less  than  72  deg.,  and  in  the  southern  part,  not  less  than  78 
deg.  If  the  angle  is  smaller,  there  will  be  direct  sunlight  at  noon,  and  this  may  necessitate 
ribbed  or  rough  glass.     When  the  glass  is  inclined,  more  light  comes  through. ' 

The  Mw- tooth  type  of  skylight  Bometunee  givet  trouble  by  leaks  developing  along  the  valley  gutters.  To 
overcome  this  trouble  the  following  precautions  must  be  taken: 

(1)  The  gutter  should  be  made  wide,  and  all  sharp  comers  avoided 
MO¥atk  9osh  y/^^^  r_iL*,^^.^r  ^^  providing  liberal  fillets  and  a  perfect  bearing  surface  under  the  gut- 
ter body.  A  narrow  gutter  invites  the  expansive  action  of  ice,  banks  up 
the  snow  which  accumulates  by  direct  fall  and  by  sliding  off  the  glass, 
and  makes  it  very  diflScult  for  window  cleaners  to  stand  in  it.  As  the 
gutters  are  used  frequently  for  thoroughfare  across  the  roof,  the  gutter 
surface  must  be  protected  either  by  a  special  wearing  surface  or  by  plac- 
ing a  plank  walk  along  the  gutter.  This  walk  must  not  block  the  flow  of 
water.  It  is  better  to  spend  money  for  a  good  wearing  surface,  as  the 
plank  rots,  and  twigs  and  leaves  may  block  the  water. 
Fia.  294. — Saw-tooth  type.  ^^  Flashings  on  both  sides  of  the  gutter  should  be  made  wide,  and 

the  supports  for  the  gutter  strong  so  that  no  deflection  may  set  in  and 
form  water  pockets  in  the  gutters.  Sometimes  much  snow  and  ice  form  in  saw-tooth  gutters.  If  the  gutters 
ar^ong,  it  will  be  better  to  use  interior  downtakes  which  can  be  brought  down  along  the  columns. 

« 

194.  Miscellaneous  Notes  on  Skylights. — Wherever  glass  is  used,  some  provision  has  to 
be  made  for  carrying  off  condensation,  such  as,  small  gutters  in  buildings  where  machinery  or 
product  would  receive  serious  injury  from  water.  There  are  several  types  of  skylight  bars  on 
the  market  (see  Fig.  291),  all  aiming  to  collect  and  carry  ofif  condensation.  Unless  copper  is 
selected,  a  cl6sed  bar  section  must  not  be  used,  as  it  can  not  be  painted. 

All  glass  except  expensive  plate  glass,  has  an  uneven  surface  and  a  cushion  has  to  be  provided  between  metal 
sash  bars  and  glass  by  using  putty,  cement,  asphaltio  compounds,  or  felt.  The  glass  on  the  better  class  of  modem 
sash  is  held  by  copper  spring  caps  covering  the  joints  and  fastened  to  the  bars  with  brass  nuts  and  bolts. 

195.  Ventilators. — As  described  in  Art.  193,  light  and  ventilation  are  often  provided 
by  the  same  bulkhead,  or  skylight,  whether  this  be  a  small  box  skylight  or  a  large  monitor. 
In  the  section  on  "Heating,  Ventilation  and  Power, "  in  Part  III,  the  questions  of  fresh  air 
requirements  are  fully  discussed,  and  it  will  be  seen  that  they  vary  according  to  the  uses  and 
character  of  the  building. 

Box  akylighu  may  be  used  as  ventilators  by  having  high  curbs  filled  with  louvres  or  movable  sash,  small  hinged 
doors,  etc.     This  will  prove  enough  where  small  amounts  of  air  have  to  be  expelled. 

Lana^udiiuU  monitort  of  the  common  or  inverted  type  give  excellent  ventilation  by  using  louvres,  shutters,  or 
movable  sash  along  the  sides.  Louvres  are  made  of  black  or  galvanised  steel  or  iron,  asbestos,  or  asbestos  pro- 
tected metal,  all  according  to  durability  required  and  care  given  after  placing.  Shutters  are  made  of  sheet  iron  or 
steel,  black  or  galvanised.  Movable  sash  is  the  most  useful  arrangement,  giving  both  light  and  ventilation,  and 
can  be  operated  in  large  sections  by  hand  or  even  driven  by  small  motor. 

Transverse  monitors  are  used  for  ventilation  just  as  described  for  longitudinal  monitors.  This  type  has  been 
used  considerably,  as  the  light  distribution  is  very  good,  and  while  not  so  perfect  as  in  the  saw-tooth  type,  yet  has 
not  the  disadvantage  of  the  saw-tooth  gutter. 

Savf-tooth  oonslrwUion  is  well  adapted  to  ventilation,  on  account  of  its  shape,  resembling  one-half  of  the  inverted 
tjrpe  monitor.  The  light,  as  stated,  is  also  perfect.  The  disadvantages  are:  a  slightly  higher  cost  than  common 
transverse  monitors,  and  the  gutter. 

Open  roof  ventilation  is  used  largely  for  rolling  mills  and  smelters  where  the  heat  is  intense  and  the  air  is  bur- 
dened with  smoke,  fumes,  and  gases.  The  method  commonly  used  is  to  provide  two  planes  of  purlins  and  by  laying 
the  lower  end  of  roofing  sheets  on  high  purlins  and  the  upper  end  on  low  purlins  an  effect  is  produced  like  a  large 
louvre  laid  on  the  roof  slope.  The  only  protection  asked  here  is  to  keep  out  to  a  large  extent  snow  and  rain,  whence 
the  lower  ends  of  each  set  of  sheets  overlap  upper  end  of  sheets  below.  In  addition  to  this,  sides  of  buUding  may 
not  have  any  walls. 

Sheet  metal  venlilatora,  asbeatoa  ventilator^,  etc. — The  use  of  these  has  been  referred  to  already.  Several  tjrpes  are 
on  the  market,  both  as  regards  materials  and  method  of  operating  (see  Fig.  295). 

The  suction  of  air  is  taken  care  of  in  various  ways.     One  type  is  entirely  stationary,  and  relies  on  the  motion  of 
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the  ontoide  sir  wunit  the  csurved  lUifacei  al  the  ventiUtor  to  luok  the  •it  oi 
to  tDDve  vitb  the  wind,  lo  u  to  ittw  the  air  out.     A  third  type  hu  ■  roUiy 

hkn  (hui  topa  and  udmit  lifht.     Dampen  ahould  be  provided,  and  s  type  choecn  that  will  prevent  back  dnift. 
Another  type  of  draft  retulation  ii  a  sltdiiiK  ale***,  and  with  thia  type  a  glat*  top  i>  lued.     Thiaaleevecui  be  raited 
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Fia.  29S.— Type*  of  ventilatora. 


WALLS 
Bt  Frederick  Johnck 

IH.  Wmaoaij  Walls  Below  Grade.  ^Concrete  is  used  perhaps  moi«  extensively  than  any 
other  material  for  walla  below  grade.  The  forms  are  made  of  1  or  2-iii.  lumber  reinforced  with 
2  or  4'iii.  ecanthng  a,a  the  ca«e  may  require.  Safe  allowable  bearing  pressurefl  on  walb  for  the 
concrete  mixtures  commonly  used  are  as  follows,  ssauming  Portland  cement  concrete: 

1-2-4  concrete 350  lb.  per  eq.  in. 

1-3-6  concrete 300  lb.  per  eq.  in. 

1-3-6  concrete 250  lb.  per  eq.  in. 

The  common  construction  is  to  employ  concrete  curtain  walls  12  in.  thick  between  the 
wall  columns  and  in  addition  to  reinforcing  them  vertically,  to  take  the  earth  pressure,  to  place 
rods  near  the  bottom  of  the  wall  so  as  to  make  the  wall  carry  itself  as  a  beam  frqm  footing  to 
footing. 

For  buildings  of  moderate  height,  stone  is  often  used 
for  walls.  This  is  very  economical  when  a  local  stone  can 
be  obtained.  Stones  should  be  laid  with  cement  or  lime 
and  cement  mortar,  carefuly  bedded  in  a  full  bed  of  mortar 
and  worked  around  until  a  full  solid  bearing  b  obtained, 

'The  use  of  brick  for  exterior  walls  below  grade  is  gradu- 
ally becoming  less  on  account  of  the  additional  cost  over 
that  of  a  concrete  wall.  Brick  used  for  walls  are  hard- 
burned  common  brick,  laid  up  in  lime  and  cement  mortar. 
Brick  walls  should  not  be  less  than  12  in.  thick. 

In  small  residence  construction,  a  hollon,  vitrified, 
salt  glased  tile  has    come  into  use  for  basement  walls. 

These  tile  are  8  in.  wide  16H  in.  long  and  8  in.  tbick,and  are  laid  with  broken  joints  like  stone 
ashlar.  Special  tile  laid  vertically  are  used  for  comers.  If  they  can  be  obtained  at  the  local 
yard,  they  are  more  economical  than  brick  or  concrete. 

The  queatian  of  waterproofins  walla  below  grade  aBainat  moiature  and  dampneaa  ia  a  very  important  one.  A 
deacriptioD  of  the  vnrioua  niethodaii  giTeD  in  Sect.  5.  Art.  26. 

If  the  walk  below  grade  fonn  the  aidH  of  roooH  that  an  to  be  decorated,  an  inner  tile  wall  ihould  be  built, 
learint  an  aii  apaee  between  that  and  the  ouur  wall.  »■  ahown  in  Fic.  Z9S.  AC  the  bottom  of  thig  apace  a  gutter 
ahould  be  formed  pitched  to  drain,  eo  aa  to  carry  off  any  moiature  that  might  paaa  through  the  outer  wall,  Jn 
er«ctiiif  .  theee  tile  walla  the  lower  two  couraee  of  the  tile  ahould  be  laid  on  an  aaphalt  bed  to  prevent  m(Hat(ue 
pa  wins  up  by  eaplUary  attraetioD  and  causing  the  tile  to  diainteirate. 


610 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  S-197 


197.  Masonry  Walls  Above  Grade. 

197a.  Concrete  Walls. — The  use  of  solid  concrete  for  walls  above  grade  is  not 
generally  considered  advisable  on  account  of  the  cost  of  form  work,  the  tendency  of  concrete  to 
absorb  moisture  and  cause  damp  walls  on  the  inside,  and  also  on  account  of  the  difficulty  of 
treating  them  in  an  architectural  manner.  To  overcome  these  objections  many  forms  and 
shapes  of  hollow  cement  blocks  have  been  made."    These  are  usually  laid  up  like  cut  stone. 

1976.  Brick  Walls. — The  use  of  brick  for  walls  above  grade  is  considered  the 
best  and  most  economical  for  masonry  walls.  On  street  fronts  and  on  exposed  sides  where  an 
architectural  effect  is  desired,  the  exterior  surface  of  the  wall  should  be  faced  with  a  pressed 
brick.  In  residence,  church,  or  other  work  where  large  wall  surfaces  can  be  treated,  a  variety 
of  effects  can  be  secured  by  the  use  of  tapestry  brick,  pavers,  and  bricks  varying  in  shade; also 
by  using  color  in  the  mortar  for  the  joints.  Other  effects  may  be  produced  by  laying  the  brick 
in  various  bonds,  such  as  the  Cross  Bond,  Flemish  Bond,  etc.,  as  shown  in  Figs.  297,  298, 
299,  and  300,  also  by  laying  alternate  courses  of  wide  and  narrow  brick  as  shown  in  Fig.  301. 
When  this  is  done  the  narrow  course  should  be  a  darker  brick.  Ejects  can  also  be  secured  by  using 
full,  raked,  pointed,  and  tool  joints  as  shown  in  Fig.  302.  In  raking  out  a  joint  it  is  customary 
to  rake  the  horizontal  joints  only.  Brick  work  is  also  sometimes  laid  up  with  very  wide  joints 
and  gravel  used  in  the  mortar,  as  shown  in  Fig.  303.  When  this  is  done,  wood  blocks  or  metal 
clips  must  be  set  in  to  prevent  the  load  from  crushing  out  the  mortar  as  the  work  progresses. 
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Pio.  297. — Common  bond. 
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Fia.  298. — Enclisfa  bond. 
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Fra.  209. — Flemish  bond. 
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Fig.  300. — English  croes  bond. 
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Pig.  301. — Alternate  wide  and  narrow  brick. 
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Fig.  302. — Joints  in  brick  work. 
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Fig.  303. — Brick  laid  in  wide  gravel  mortar  joints. 


A  great  deal  of  care  and  judgment  should  be  used  in  the  selection  of  brick  for  the  purpose  intended.  For 
instance,  in  a  locality  that  is  free  from  smoke  and  soot,  a  brick  with  varying  shades  can  be  used  effectively ;  while  in 
dirty,  smoky  places  it  is  better  to  use  a  paver  or  some  smooth-faced  brick  that  the  rain  will  wash.  Again,  in  courts 
or  in  alleys  a  white  enamel  brick  is  desirable  to  reflect  light  into  the  building.  White  enamel  beick  should  a]wa>«» 
be  laid  with  a  very  narrow  full  jomt.  The  advantage  of  this  brick  is  that  it- can  be  washed  when  it  becomes  dirty. 
Enamel  brick  should  be  burnt  in  one  fire  so  as  to  make  the  chemical  change  in  the  body  and  the  glase  simultaneous. 
In  the  dry  process  where  the  brick  is  first  burned  and  the  enamel  is  applied  and  then  fired  again,  the  bond  is  weak 
and  a  pulling  or  chipping  of  the  enamel  occurs.  Enamel  brick  are  best  cleaned  with  an  alkaline  solution,  such  aa 
caustic  soda  or  sodium  carbonate.  This  cleans  the  enamel  and  does  not  effect  the  cement  or  lime  mortar  in  the 
joints. 

Pier  Construction. — Since  the  introduction  of  the  skeleton  type  of  construction  and  also 
in  the  pier  type  of  building,  the  elevations  are  often  designed  to  produce  a  Gothic  effect,  which 
is  a  natural  manner  to  express  this  type  of  construction.     In  doing  this  the  brick  work  follows 
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elooely  the  form  of  the  column,  and  the  epandrels  or  spacM  between  the  columns  ue  ttsfited 
ather  in  pUin  brick  or  in  pattern  brick  panels.  In  this  type  of  wall  conGtniction  the  ubc  of 
steel  shelf  angles  on  the  columns  at  the  door  levels  is  recommended  (see  Fig.  304).  This  not 
alone  prevents  wbJI  cracks  but  on  large  work  enables  the  buildeiB  to  run  two  crews  of  brick 
layeiB,  one  at  the  bottom  and  one  half  way  up  on  the  structure.  In  this  construction  of  the 
■pandrel  a  steel  angle  is  necessary  on  which  to  carry  the  face  brick.  This  angle  can  be  left 
exposed  on  the  bottom  in  slow  burning  and  mill  buildings,  as  shown  in  Fig.  305,  but  should  be 
covered  with  a  fireproof  material  in  fireproof  buildings  (see  Fig.  306). 

Corbels  arid  Ledget. — In  slow-burning  and  mill  constructed  buildings,  and  often  in  ordinary 
construction,  it  is  well  to  corbel  out  and  form  ledges  to  support  the  joist  or  floor  construction. 
This  not  alone  albwsthe  joist  to  fall  out  without  tearing  down  the  wall  in  case  of  a  fire,  but  also 
prevents  smoke  and  small  fires  from  traveling  into  the  next  story  above  by  passing  between  the 
wall  and  the  floor  construction.  Corbels  and  ledges  should  project  at  least  4  in.  out  from  the 
face  of  the  wall  as  shown  in  Fig.  307. 


Eredion  of  Brick  IFoUa.— In  the  erection  of  mssonry  walls,  no  wall  should  at  any  lime  be 
carried  up  more  than  two  stories  above  another  wall  of  the  same  building  on  account  of  the 
danger  of  an  uneven  loading  on  the  building  foundations,  the  lack  of  a  continuous  bond  around 
the  entire  structure  and  also  the  danger  of  a  heavy  wind  storm  throwing.the  wall  out  of  line. 

Bond  in  Brick  WaJlg. — -In  laying  common  brick  in  walls,  every  fifth  course  should  be  laid 
as  a  header  to  form  a  proper  tie  through  the  wall.  In  face  brick  two  headers  and  a  stretcher  or 
their  equivalent  ehould  be  laid  in  every  sixth  course  to  form  a  proper  bond  between  the  face 
brick  and  the  common  brick. 

Brick  SilU. — Bricks  are  often  used  for  window  sills  in  brick  walls  in  place  of  stone  or  other 
material,  in  order  to  produce  the  desired  architectural  effect  and  sometimes  to  save  time  and 
money.  Brick  nsed  for  sills  should  be  vitrified  brick  laid  in  cement  mortar  and  laid  as  a  header 
course. 

Parapet  WalU. — Parapet  walls  should  be  erected  around  all  fiat  roofbuildingsasafire  atop 
to  prevent  firee  from  traveling  from  one  roof  to  another;  also  to  prevent  water  from  the  snow 
from  running  down  and  ruining  the  building  walls  and  from  falling  down  on  people  passing  on 
the  walks  below.  Parapet  walls  should  be  at  least  18  in.  high  on  the  street  fronts,  and  36  in. 
high  on  the  lot  line  and  for  dividing  walls,  It  is  a  good  practice  to  face  the  inside  of  all 
walls  with  a  vitrified  brick  to  prevent  disintegration  from  moisture  absorbed  from  the  snow,  which 
lies  banked  against  it  during  the  winter  months.  Sections  through  parapet  walls  ore  illus- 
trated in  the  chapter  on  "Cornices  and  Parapet  Walls." 

Mortar  f<n-  Brick  Wallt. — Mortar  to  be  used  for  brick  walls  is  usually  determined  by  the 
load  to  be  earned. 

Stress  AUowed  on  Brick  Work. — The  foUwing  table  taken  from  the  Chicago  Building  Ordi- 
nance gives  the  safe  load  per  square  inch  allowed  on  brick  work: 

aw  lb.  pet  HI.  In. 


Piwed  brick— 1  p»rt  Portluicl  cement 

mcrMr 
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Weight  qf  Brick  Work  in  Common,  Brick  Walls: 

9-in.  brick  wall 83  lb.  per  eq.  ft. 

IS-in.  brick  wall 120  lb.  per  sq.  ft. 

17-in.  brick  wall 160  lb.  per  sq.  ft. 

21-iii.  brick  wall 195  lb.  per  sq.  ft. 

Wall  Thicknesses, — Although  wall  thicknesses  for  brick  walls  are  determined-  by  the  safe 
stress  allowed  per  square  inch  on  the  brick  work,  yet,  from  common  practice,  certain,  safe, 
definite  rules  have  been  fixed  upon.  The  table  and  rules  given  below  do  not  recognize  enclosing 
walls  less  than  12  in.  thick.  Walls  8  in.  thick  have  been  erected  and  have  stood  up  for  a  number 
of  years,  but  it  is  not  recommended  that  they  be  used  in  general  practice. 

Table  Showing  Wall  Thicknesses  in  Inches  for  Enclosing  Brick  Wali« 


Bsmt. 


6 


8 


OneBtory.. 
Two  story. . 
Three  story 
Four  story. 
Five  story.. 
Six  story . . . 
Seven  story 
Eight  story. 


12 
16 
16 
20 
24 
24 
24 
24 


12 
16 
20 
20 
20 
20 
24 


12 
12 
16 
20 
20 
20 
24 


12 
16 
16 
20 
20 
20 


12 
16 
16 
20 
20 


16 
16 
16 
20 


16 
16 
16 


16 
16 


16 


Walls  lees  thftn  60  ft.  long  can  be  built  4  in.  less  in  thickness  than  called  for  by  the  above  table,  except  that  in 
no  case  should  brick  walls  be  built  less  than  12  in.  thick.  Brick  walls  in  elevator  or  stair  shafts  need  not  exceed 
16  in.  in  thickness  nor  its  upper  60  ft.  exceed  12  in.  in  thickness.  Where  masonry  buttresses  or  piers  or  pilasters 
occur,  walls  may  be  reduced  in  thickness  by  one-half  of  the  projection  of  the  buttress  or  pier,  but  no  wall  should  be 
reduced  to  less  than  12  in.  in  thickness  and  no  12-in.  wall  should  be  less  than  30  ft.,  and  no  16-in.  wall  higher  than 
60  ft.  Buttresses  or  piers  should  be  at  least  M  o  mi  wide  as  the  space  between  them.  Buttresses  and  piers  and 
pilasters  should  be  so  placed  as  to  receive  the  principal  girders  and  trusses. 

197c.  Brick  Walls  Faced  with  Ashlar. — In  the  case  of  brick  walls  faced  with 
stone,  granite,  terra  cotta,  or  other  ashlar,  this  facing  should  be  considered  as  part  of  the  wall 
for  the  purpose  of  carrying  weight,  unless  every  second  course  is  a  bond  course  extending 
back  into  the  wall  a  distance  of  at  least  8  in.  In  addition  to  this  it  is  well  to  tie  each  piece  of 
ashlar  back  with  two  galvanized  iron  anchors.  No  ashlar  should  be  less  than  4  in.  in  thickness, 
nor  should  the  height  of  any  piece  of  ashlar  be  more  than  20  in.     As  a  general  rule  the  brick 
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FiQ.  308. — Coursed  ashlar  with 
same  sise  blocks. 


Fio.  800. — Coursed  ashlar  with 
wide  and  narrow  courses. 


FiQ.  810. — Coursed  ashlar 
with  header  blocks. 


backing  for  ashlar  should  be  laid  in  a  cement,  or  lime  and  cement,  mortar.  Where  terra 
cotta  is  used  for  ashlar,  it  is  made  as  a  hollow  block  formed  with  inside  webs  to  gain  strength 
and  prevent  warping  while  it  is  being  burned.  The  hollow  space  in  terra  cotta  ashlar  also 
allows  an  opportunity  for  the  brick  to  form  a  bond  by  extending  into  these  spaces. 

Ashlar  Jointing. — Of  the  many  ways  of  jointing  granite,  stone,  or  terra  cotta  ashlar,  the 
coursed  ashlar  as  shown  in  Fig.  308  is  perhaps  the  cheapest  and  most  common,  as  the  blocks 
can  be  made  or  quarried  all  of  the  same  size.  Another  form  of  coursed  ashlar  is  shown  in  Fig. 
309.     In  this  method  the  courses  alternate  with  a  wide  and  narrow  course.     This  can  also  be 
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varied  by  the  use  of  a  small  header  course  as  illustrated  in  Fig.  310.  When  a  stone  of  uniform 
sise  cannot  be  obtained  from  the  local  quarry  or  when  it  is  necessary  to  produce  a  varied  or 
more  interested  form  of  jointing,  what  is  known  as  broken  ashlar  is  used.  This  form  costs 
more  and  also  requires  more  time  to  lay.  It  is  made  up  of  4,  6,  8,  10,  12  and  14-in.  pieces, 
as  shown  in  Fig.  311,  or  in  4,  8,  and  12-in  pieces,  as  shown  in  Fig.  312.  Another  form  of  ashlar 
often  used  is  what  is  known  as  random  coursed  ashlar,  shown  in  Fig.  313.  In  this  type  the 
joints  A,  B,  and  C  carry  through  in  a  straight  line. 

AMar  Finish  for  Stone  Work. — Perhaps  the  first  step  in  stone  work  finish  is  the  rock  face 
(Fig.  314),  the  face  of  the  stone  being  left  rough  as  it  came  from  the  quarry.  Next  comes  the 
rock  face  with  the  margin  line  finished  with  a  chisel  (Fig.  314).  Then  the  stone  is  given  the 
broached  finish  (Fig.  314) — that  is,  the  surface  is  dressed  level  and  continuous  grooves  are  left 
in  it;  this  might  be  called  the  first  step  toward  the  tooled  finish.     The  tooled  finish  is  done  with 
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Fio.  311. — Broken  ashlar  made  up  of      Fxa.  312. — Broken  ashlar  made 
4-^-8-10-12-  and  14-in.  pieces.  np  of  4-S-12-in.  pieces. 


Fia.  313. — Random 
coursed  ashlar. 


Rook  face. 
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Rock  face  with 
tooled  margin. 

Fia.  814. 
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Broached  with 
tooled  margin. 


Rough  pointed  with    Fine  pointed  with 
dressed  margin.  dressed  margin. 

Fig.  315. 


Pia.  316. — Drove. 


Crandalled. 


Patent-hammered. 


Fio.  317. 
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FiQ.  318.— Bush- 
hammered. 


Fio.  319. — Tooled 
face,  6  to  10  cut. 


a  wide  flat  chisel.  This  is  a  very  common  finish  for  sandstone  and  Umestone.  Tooling  is  done 
in  6,  8,  or  10  cut,  measuring  6,  8,  or  10  grooves  to  the  inch.  For  finer  work  than  the  tooled  sur- 
face a  rubbed  finish  is  used.  This  is  done  by  taking  a  stone  when  first  sawed  and  placing  it  on 
a  revolving  bed,  then  rubbing  the  face  with  a  soft  stone,  water,  and  sand. 

Other  forms  of  surface  finish  for  stone  ashlar  are  rough  pointed  (Fig.  315),  fine  pointed  (Fig. 
315),  drove  work  (Fig.  316),  crandalled  (Fig.  317),  patent  hammered  (Fig.  317),  bush 
hammered  (Fig.  318),  etc. 

Ashlar  Finish  for  Concrete  Blocks. — As  concrete  blocks  are  a  cast  product,  they  can  have  the 

face  finished  in  almost  any  of  the  surface  finishes  used  for  stone  work.     Herein  is  one  of  the 

great  objections  to  cast  concrete  as  ashlar.     In  stone  work  an  individuality  and  interest  in  the 

*wall  surface  comes  in  that  no  two  stones  are  alike,  while  in  concrete  each  piece  is  like  its  neighbor 

making  a  rather  monotonous  effect. 

Finish  on  Terra  Cotta  Ashlar. — In  the  making  of  terra  cotta,  a  variety  of  finishes  can  be  had 
in  the  surface  itself  and  also  in  the  glaze  and  color.  At  first  terra  cotta  was  only  made  in  one 
color,  which  was  the  natural  red  color  of  the  burnt  clay ;  now  it  can  be  secured  in  almost  any 
color  or  combination  of  colors  and  effects  that  may  be  de&ired. 

-  Painting  of  Ashlar  Work. — When  stone  or  granite  is  used  for  ashlar  or  for  trimmings,  it 
should  be  painted  on  the  back  and  on  the  edges  to  within  1  in.  of  the  face  with  a  black  water- 
proof paint  to  prevent  discoloration  from  cement  and  moisture. 
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Brick  Walla  Faced  unih  Cement  Blocks, — In  addition  to  the  use  of  stone,  granite,  or  terra  cotta 
for  ashlar,  a  cast  cement  block  in  imitation  of  stone  is  also  often  used.  It  has  the  advantage 
over  stone  in  that  molded  and  ornamented  pieces  can  be  produced  at  a  less  expense  than  the 
same  work  could  be  cut  in  stone.  It  does  not,  however,  make  as  interesting  a  waU  from  an 
architectural  standpoint  as  stone,  granite,  or  terra  cotta. 

197d.  Damp  Proofing  of  Walls. — All  masonry  walls  above  grade  that  are  to  be 
plastered  on  the  inside  should  be  given  a  coat  of  damp  proofing,  so  that  the  moisture  will  not 
come  through  and  stain  the  plaster.  This  precaution  is  not  so  necessary  if  the  walls  are  to  be 
furred  and  lathed  on  the  inside  before  being  plastered. 

197e.  Furring. — Furring  for  interior  walls  to  be  plastered  can  be  done  by 
J^  X  2-in.  wood  furring  strips  set  vertically  to  which  the  wood  lath  are  nailed  to  receive  the 
plaster;  or  by  a  2-in.  tile  furring  scored  for  plaster;  or  by  V-shaped  metal  furring  to  which  the 
metal  lath  are  wired. 

197/.  Brick  and  Tile  Walls. — In  late  years  walls  have  been  erected  in  residences 
and  country  clubs  made  of  hollow  burnt  clay  tile  with  a  brick  veneer  facing.  This  gives  a  ligl^t 
wall  with  an  air  space  and  an  in&ide  surface  that  can  be  plastered  on  direct.  In  this  type 
of  construction  a  narrow  course  of  tile  should  be  used  about  every  third  course  so  as  to 
permit  the  brick  to  enter  tnto  the  wall  and  form  a  bond. 

197(7.  Tile  and  Plaster  Walls. — Perhaps  one  of  the  cheapest  masoniy  walls  that 
can  be  built  for  small  buildings  is  a  tile  wall  plastered.  The  tile  should  be  scored  both  sides  so 
that  both  the  exterior  and  interior  plaster  will  form  a  good  bond.  Buildings  of  this  type,  two 
stories  or  more  in  height,  should  be  erected  in  the  skeleton  form  of  construction  so  that  the  tile 
will  be  used  only  as  a  filler.  Tile  for  such  walls  should  be  at  least  12  in.  thick  and  laid  ver- 
tically so  as  to  develop  its  full  strength.  Lintels  over  windows  and  door  openings  can  be 
formed  by  means  of  tile  arches,  or  the  tile  work  can  be  carried  on  steel  lintel  angles.  A  variety 
of  effects  in  color  and  texture  can  be  obtained  in  the  plastering  of  the  outside  walls.  Tile  in 
walLb  to  be  plastered  should  be  laid  with  broken  joints  similar  to  brick  work  so  as  to  avoid 
long  vertical  cracks  forming  in  the  plaster.  If  the  wall  is  to  have  box  frame  windows,  care 
must  be  taken  to  secure  special  tile  shapes  to  receive  the  weight  box  and  also  to  form  a  1-in. 
wind  break  at  the  head  of  the  openings.  The  inside  trim  can  be  secured  by  nailing  into  the 
joints  between  the  tile. 

197 A.  Frame  Walls. — The  most  common  form  of  wall  throughout  this  country 
is  the  wood  frame  wall  constructed  with  2-in.  studs,  sheathing,  and  clapboard  or  shingles,  and 
plastered  on  the  inside.     The  studs  are  2  X  4, 2  X  6,  or  2  X  8  in.,  depending  upon  their  length  and 
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Via.  820. — Detail  showing  studs  retting 
on  plate  on  top  of  joist. 
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Fig.  32t. — Detail  showing  studs 
resting  on  wall  plate. 


the  load  to  be  carried.  These  studs  are  spaced  either  12  or  16  in.  on  centers  which  is  determined 
by  the  length  of  the  lath.  On  the  outside  of  the  studs  is  nailed  the  sheathing  which  is  %  in. 
thick,  matched  and  dress4 d  on  one  bide;  then  a  layer  of  paper  is  put  on;  and  finally  the  clap- 
boards or  shingles.  On  the  inside  are  the  lath  and  over  this  the  plaster.  A  2-in.  plate,  the 
width  of  the  studs,  is  nailed  to  the  top  to  provide  bearing  for  the  rafters.  At  the  bottom  a 
plate  is  required  on  top  of  the  joist  to  form  a  bearing  for  the  studs  (see  Fig.  320).  Sometimes, 
however,  the  studs  are  extended  down  to  the  sill  imder  the  joist  as  shown  in  Rg.  321. 
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Stud^ng. — Formerly  a  great  deal  of  pine  was  used  for  studding,  but  owing  to  the  scarcity 
and  high  cost  of  pine,. hemlock  and  spruce  have  taken  its  place.  Material  used  for  studding 
should  be  clear  and  free  from  shakes  and  large  knots. 

Sheathing. — Sheathing  is  now  made  entirely  from  hemlocl*  or  spruce.  Sheathing  should 
be  nailed  to  each  stud  with  two  eight  penny  naib.  To  give  additional  bracing  to  the  house, 
sheathing  is  very  often  nailed  on  diagonally. 

Building  Paper, — The  use  of  building  paper  between  the  sheathing  and  the  clapboards 
or  shingles  is  very  desirable  as  the  wood  in  the  wall  shrinks  which  forms  cracks  through  which 
the  wind  finds  its  way.  Building  or  sheathing  paper  should  be  tough,  elastic,  and  impene- 
trable to  moisture  or  air.  A  tar  paper  is  not  recommended  as  the  oil  in  the  paper  soon  evapo- 
rates and  leaves  the  paper  very  brittle  and  soft.  Paper  is  usually  put  on  horizontally  with  at 
least  a  2  or  3  -in.  lap.  If  additional  protection  is  required,  a  sheathing  quilt  can  be  used.  This 
is  somewhat  more  expensive. 

Clapboard  or  Siding, — Siding  is  usually  of  two  kinds — beveled  and  drop  siding  (see  Fig. 
322).  Drop  siding  is  often  molded  as  shown.  As  beveled  siding  is  cut  with  a  saw  from  the 
circumference  to  the  center  it  is  a  quarter-sawed  piece  of 
lumber  and  hence  shrinks  very  Uttle  after  it  is  in  use.  Drop 
siding  is  a  plain  sawed  material  and  hence  will  shrink.  The 
most  durable  material  for  siding  or  clapboard  is  cypress  or  red- 
wood. Soft  pine  has  been  used  a  great  deal  but  owing  to  the 
scarcity  of  the  material  it  has  gone  almdSst  out  of  use.  Clear 
spruce  is  also  used,  but  it  is  not  so  good  as  pine  or  cypress, 
^ding  is  sometimes  nailed  directly  to  the  stud  without  a 
sheathing,  but  this  is  not  desirable  as  it  does  not  give  the  build- 
ing secure  enough  bracing  nor  does  it  make  it  warm  enough  in  the  winter.  A  priming  coat  of 
paint  should  always  be  given  the  siding  as  soon  as  it  is  finished,  as  this  will  keep  the  sun  from 
warping  it  and  in  a  measure  prevent  shrinkage. 

WdU  Shingles. — Shingles  are  often  used  on  vertical  exterior  walls,  sometimes  as  a  matter 
of  economy  but  generally  to  produce  an  architectural  effect.  Shingles  make  a  warmer  wall 
covering  than  siding  as  they  are  three  thicknesses,  while  siding  is  only  one.  Shingles  on  wall 
surfaces  are  laid  the  same  as  for  roof  surfaces.  Shingles  should  always  be  dipped  in  creosote 
stain  before  they  are  used.  To  produce  a  rustic  effect  a  long  hand-made  shingle  called  a  shake 
IB  used.     These  can  only  be  obtained  in  certain  localities. 

197t  Wood  and  Plaster  Walls. — In  wood  and  plaster  walls  the  studs,  sheathing, 
and  paper  are  used  the  same  as  above  described  for  frame  walls.  The  walls  are  then  prepared 
for  plastering  by  the  use  of  furring  and  lath.  If  wood  furring  strips  are  used,  they  are  generally 
made  of  %  X  2-in.  material,  12  or  16  in.  on  centers,  and  nailed  on  vertically.  The  wood  lath 
are  nailed  over  this  furring,  the  same  asior  interior  plastering,  and  then  the  surface  is  plastered. 

IWy.  Brick  Veneer  Walls. — Wood  and  brick  walls,  or  brick  veneer  walls  as  they 
are  called,  are  quite  common  for  dwellings.  They  have  an  advantage  in  that  they  give  the 
appearance  of  a  brick  building  at  a  very  small  expense.  A  lower  rate  of  insurance  can  also  be 
secured  on  this  type  of  construction.  If  properly  constructed,  they  make  a  very  warm  building. 
The  brick  is  laid  as  a  4-in.  facing  1  in.  away  from  the  sheathing,  so  as  to  produce  an  air  space. 
The  brick  in  veneered  buildings  are  held  to  the  frame  work  by  means  of  metal  ties  placed  on 
every  other  brick  in  every  fourth  or  fif^h  course.  Brick  work  over  window  or  door  openings 
should  be  carried  by  means  of  small  lintel  angles. 

197 A;.  Sheet  Metal  Walls. — For  sheet  metal  walls,  what  is  known  as  corrugated 
siding  is  used.  This  siding  is  made  in  sheets  with  ^,  1^,  2,  2}^,  3,  and  5-in.  size  corrugations 
and  in  length  of  5  to  12  ft.  This  siding  is  set  vertically  with  a  1-in.  lap  at  the  bottom  and  one 
corrugation  at  the  side.  Siding  can  be  secured  in  black,  painted,  or  galvanized,  and  for  special 
work  a  rustless  siding  is  made  by  immersing  the  metal  in  an  asphaltic  compoimd  and  then 
covering  the  surface  with  a  covering  of  pure  asbestos  felt  laid  over  the  hot  asphalt  and  forced 
'  into  it  under  pressure.  This  forms  a  sheet  that  is  gas  and  fimie  proof.  Corrugated  metal 
siding  can  be  used  over  a  wood  or  steel  frame  work  as  the  case  may  require.     If  nailed  to  wood, 
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the  nails  should  be  driven  in  the  trough  of  each  alternate  corrugation  about  2  in.  ^J>ove  the 
lower  end  of  the  sheet  which  will  be  1  in.  above  the  top  end  of  the  under  sheet.  The  side  lap, 
unless  very  long  sheets  are  used,  need  not  be  nailed.     If  the  siding  is  attached  to  a  sheet  frame 

work,  then  special  clips  are 
used  and  the  siding  screwed 
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Fio.  323. — Corner  plan  showing  patent  molded  steel  walls, 
detail  plan  giving  a  general  idea  of  this  type  of  constnietion. 


or  bolted  to  these  clips. 

A  patent  interlocking  molded 
siding  manufactured  by  the  C.  D. 
Pruden  Company  of  Baltimore  is 
also  used  extensively  for  quick 
and  light  factory  and  shop  build- 
ing. '  This  siding  is  made  of 
standard  gage  galvanised  steel 
sheets  2  ft.  wide  by  8,  0.  10.  and 
12   ft.   long.     Fig.   323   shows    a 


198.  Party  Walls. — A  party  wall  is  a  dividing  wall  used  or  intended  to  be  used  by  both  of 
the  adjoining  property  owners.  It  is  generally  centered  on  the  lot  line.  Before  a  party  wall  is 
constructed,  a  definite  written  agreement  should  be  made  between  the  two  property  owners 
defining  very  clearly  the  rights  of  each  to 
the  use  of  the  wall;  the  thickness,  height,  NmcurMnpaHy  ^, 
and   depth  that  the   wall   is   to   be   con- 


structed; and  the  right  to  underpin  and  to 
increase  its  height.  It  is  customary  for  the 
owner  who  builds  first  to  pay  for  the  entire 
cost  of  the  wall  and  then  when  the  adjoining 
property  owner  decides  to  build,  to  have 
him  pay  the  first  owner  one-half  of  the  cost 
of  the  wall,  this  cost  being  based  on  the  cost 
of  labor  and  material  at  the  time  the  second 
owner  decided  \o  make  use  of  the  wall. 
Party  walls  are  made  about  the  same  thick- 
ness as  the  enclosing  walls.  Some  city  ordi- 
nances require  these  walls  to  be  4  in.  thicker 
than  enclosing  walls,  while  others  permit 
them  to  be  constructed  4  in.  thinner.  The 
party  wall  has  the  advantage  over  the  line 
wall  in  that  it  permits  of  a  balanced  footing, 
saves  ground  space,  and  is  more  economical, 
as  both  parties  share  the  cost  of  same. 
Openings  in  party  walls  should  have 
thorough  fire  protection  to  prevent  the  fire 
from  going  from  one  building  into  the  other. 
It  is  customary  to  have  self-closing  fire 
ioors  on  each  side  of  the  wall.  These  doors 
should  have  fusible  links  and  close  by 
gravity  or  by,  weight. 

In  the  case  of  an  existing  party  wall  in  which 
the  new  building  is  to  have  the  same  or  less  base- 
ment level,  and  in  which  the  height  of  the  new  build- 
ing is  not  to  exceed  the  one  on  the  other  side  of  the 
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Fia.  324. — Treatment  of  existing  party  wall. 


party  wall,  the  problem  ia  a  very  simple  one.  If  the  party  wall  is  comparatively  new,  it  may  not  need  anything 
more  than  patching  up  in  places,  so  that  the  new  plastering  can  be  done  directly  on  the  wall;  or  if  the  wall  be  a  trifle 
uneven  it  can  be  furred,  lathed,  and  plastered;  or  a  new  tile  wall  can  be  erected  against  the  old  wall  to  receive  the 
plastering.  Frequently  the  basement  of  the  new  building  is  at  a  lower  depth  than  the  wall,  in  which  case  it » 
necessary  to  underpin  the  party  wall  and~oarry  it  down  to  the  necessary  level.     If  the  new  skeleton  building  is  to 


S«^»-1M1  STRUCTURAL  DATA  617 

ute&d  up  abovs  Uw  piaeni  buildioa,  it  may  b«  DBFauiy  to  cut  obue*  in  the  old  w«U  to  receive  the  mil  columna; 
than  the  wall  may  ramiia  u  it  Btandi  and  a  new  tile  partition  ii  built  parallel  to  the  old  wall  to  receive  the  plailer. 
The  additional  height  may  then  be  cared  for  as  a  curtain  wall,  either  ai  a  line  or  party  wall  (see  Fif,  324). 

IM.  Curtain  Wslls. — ^In  buildings  of  the  skeleton  type  of  construction  the  outer  maBonry 
wtJla  &re  Gupported  in  each  story  by  meaUH  of  spandrel  girders  and  therefore  only  c&rr}  their 
own  weight. 

On  alley  and  lot  line  exposures  the  curtain  walls  should  be  constructed  of  12  in.  of  brick 
to  secure  the  proper  fire  protection.  In  street  walls  where  large  windows  occur  the  spandid 
bdow  the  window  may  be  constructed  of  12  in.  of  brick  --  ■  -- 
brick  facing  backed  with  8-in.  fire  clay  tile,  or  4-m.  te 
backed  with  8  in,  of  brick  or  tile.  Spandrels  below  win 
also  constiucted  of  reinforced  concrete.  In  such  cases  a  i 
thickness  of  8  in.  of  concrete  should  be  used.  These  spai 
often  reinforced  to  act  as  the  upper  part  of  the  wall  beam 
usual  method  is  to  consider  this  portion  separate  from  1 
and  merely  reinforce  with  small  rods  or  wire  fabric  so  t 
vent  cracks.  If  this  is  done,  the  spandrels  may  be  pu 
the  main  structural  parts  have  been  cast,  which  saves  tii 
erection  of  the  building  and  allows  the  use  of  more  care  i 
ing  a  neat  finish  on  the  spandrel  walls.  Reinforced  Co 
well  adapted  to  construction  of  walls  that  require  con 
strength  but  for  ordinary  curtain  walls  and  for  spandr 
windows  they  are  more  expensive  than  brick  on  accou 
coat  of  forms. 

500.  Walls  for  Cold  Storage  Buildmgs.— In  the  con 
of  walls  for  cold  storage  buildings,  the  abihty  to  resist 
and  the  transmission  of  heat  JK  of  the  greatest  importsu 
insulating  value  of  the  structural  wall  need  not  be  consi 
this  is  taken  care  of  by  cork  or  Uth  Unings.  If  permitt« 
city  ordinances,  perhaps  the  best  method  for  constructinj 
walls  is  with  brick  and  hollow  tile,  as  shown  in  Fig.  325. 
vitrified  brick  is  recommended  on  account  of  its  abilitj 
Uioisture.  These  brick  should  be  bonded  into  the  tile  i 
It  will  be  noted  that  the  exterior  wall  is  constructet 
separate  from  the  interior  frame  work,  and  are  tied  tog 
means  of  galvanised  anchors.  In  wall-bearing  types 
in^,  an  insulation  can  be  effected  b>  carrying  the  i 
materisJs  around  the  ends  of  the  girdeis  (see  Fig.  326). 
Btructions  of  this  type  the  flooring  should  stop  against 
insulation  as  shown.  Another  method  of  masonry  wall 
tion  is  a  double  brick  wall  with  the  space  between  filled  y 

ulated  coric  (see  Fig.  327).  In  this  case,  wall  ties  are  also  necessary  Pia.  3ZG. — Detaiia  of  brick  and 
to  hold  the  structure  together.  "''  ™'''  """*«'  "■""*■ 

501.  Wall  Insulation  and  Partition  Deadening.— For  the  purpose  of  insulatii^  walls  to 
keep  out  the  cold,  and  for  the  deadening  of  partitions  between  apartmentb  or  studios,  the  best 
material  now  in  use  that  can  be  secured  at  a  reasonable  price  is  a  quilt  made  of  cured  eel  grass 
stitched  between  two  layers  of  tough  paper.  This  quilt  is  manufactured  by  the  Samuel  Cabot 
Co..  Boston,  Mass.  As  the  bladeb  of  grass  cross  each  other  at  every  angle,  they  form  small  dead 
air  celts  which  prevent  the  air  from  circulating  so  that  heat  conduction  is  prevented  and  sound 
waves  deadened.  This  quilt  is  made  3  ft.  wide  and  in  rolls  of  250  sq.  ft.  each.  It  is  made  in 
eii^le,  double,  and  triple-ply.  The  single-ply  is  sufficient  for  lining  houses,  double-pty  is 
used  for  sound  deadening,  and  triple-ply  is  used  for  cold  storage  and  other  work  where  unusual 
condiliuns  prevail.  This  quilt  is  also  made  with  waterproof,  and  with  asbestos  paper.  Figs. 
328  to  333  inclusive  show  various  methods  of  using  quilt  as  deadener  and  for  insulation. 
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SOS.  Vault  Conttinctlon. 

SOSa.  Vaolti  in  Flreprool  Bondings. — In  modern  fireproof  building,  of  the  skele- 
ton type,  the  vaults  act  aa  additional  fire  protection  only  and  the  walls  are  made  of  but  a  single 
thickness  and  at  other  timefl  of  tno  thicknebsee  itith  an  airspace  between.  Thne  walls  should 
start  on  the  floor  construction  and  extend  to  the  ceiling. 


van  vith  apaw  filled 


Fio.  326.— Wall  bearini  lyp*  ol  coiut 


Walt  inaulation  vitb  Fla  329  — Wall  iuulatlDn  with  Fis.  330. — Partition  dBadenins 

le  layer  ol  quilt.  oM  Uy«  of  quilt  on  gluda  lor  out-         with  two  layera  of  quilt-wood  eon- 


203b.  Vanlts  in  HiU,  Slow-buning,  and  Ordinary  Constructed  Buildings. — As 
the  fire  hazard  increases  it  becomes  more  necessary  to  protect  the  contents  of  the  vault.  Thus 
in  buildings  of  this  class,  the  walls,  floors,  and  ceihngs  of  the  vault  are  made  of  heavy  masonry, 
and  the  vault  walls  rest  on  foundations  independent  of  the  huilding,  so  that  in  case  the  building 
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is  destroyed  by  fire  the  vault  will  remain  stimdin^  intact.  Walls  for  vaults  of  this  type  should 
be  constructed  of  either  brick  or  concrete,  built  so  as  to  form  an  air  bpace,  or  the  walls  and  ceil- 
ing should  be  lined  on  the  inside  with  hollow  tile.  It  is  very  necessary  to  have  a  strong  ceiling 
over  these  vaults  to  withstand  any  damage  that  may  be  caused  by  falling  timbers  or  adjoining 
brick  walls.        ' 

In  recent  yeais  a  great  many  vaults  have  been  built  to  store  small  quantities  of  oils,  varnishes,  etc.  These 
vaults  should  have  self-closing  fire  doors  and  have  the  door  siUs  at  least  6  in.  above  the  floor  so  that  in  case  of  a  leak 
in  a  barrel  the  vamieh  or  oil  will  not  run  out  and  permit  the  fire  to  travel  back  into  the  vault.  Vaults  of  this  kind 
should  also  have  vents  when  possible;  care  must  be  taken  to  protect  these  vents  with  self-closing  louvres. 

202c.  Bank  and  Safety  Deposit  Vaults. — Vaults  in  banks  and  safety  deposit 
companies  should  have  burglar  proof  features  as  weir  as  being  constructed  to  withstand  fire. 
When  possible  it  is  well  to  have  the  vault  stand  free  from  adjoining  walls  so  that  when  the  watch- 
man makes  his  roimds  he  can  inspect  all  sideb  of  it.  The  walls  should  be  constructed  of  brick  with 
steel  linings  or  of  concrete  heavily  reinforced  with  steel.  In  some  cases,  walls  are  not  alone  con- 
structed of  reinforced  concrete  but  also  have  steel  linings.  Steel  linings  for  vaults  are  made  of 
t^o  or  more  thicknesses  of  chrome  steel  about  H  i^-  thick  and  erected  with  lap  joints.  Walls 
for  ordinary  small  banks  are  now  usually  made  of  12  in.  of  concrete  reinforced  \vith  3^-in. 
roiind  steel  wires,  2-in.  mesh,  one  mesh  set  IH  in.  from  the  inside  of  the  wall,  and  another  mesh 
1 J^  in.  from  the  outer  surface  of  the  wall.  The  floor  and  ceiling  of  the  vault  should  also  be  rein- 
forced in  a  similar  manner.  A  wall  of  this  kind  will  require  about  8  hr.  to  penetrate,  which  is 
the  usual  length  of  time  set  on  the  door  time  clock.  Special  1-in.  square  bar  reinforcements  should 
be  set  in  the  wall  at  the  hinge  side  of  the  vault  door  to  properly  carry  the  weight  of  the  steel  door. 
This  reinforcement  should  be  carried  up  and  through  the  vault  roof  slab  and  turned  down  on  the 
other  side.  To  protect  the  contents  of  a  vault  from  dampness,  the  walls  are  often  lined  with 
4  in.  of  brick  having  an  air  space  between  the  lining  and  the  vault  walL  This  air  space  should  be 
carefully  ventilated. 

PARTITIONS 

Bt  Frederick  Johnck 

209.  Partitions  in  Mill,  Slow-burning,  and  Fireproof  Constructed  Buildings. — Partitions 
or  dividing  walls  in  mill,  slow-burning,  and  fireproof-constructed  buildings  are  not  generally 
required  to  support  a  load,  but  to  serve  the  purpose  of  dividing  a  space  into  rooms.  Therefore, 
such  partitions  need  have  only  sufficient  strength  to  carry  their  own  weight  and  be  rigid  enough 
to  withstand  ordinary  horizontal  thrusts.  The  materials  employed  should  be  light,  incombusti- 
ble, and  poor  conductors  of  heat.  If  the  space  to  be  enclosed  is  to  be  fireproof,  the  doors  and 
windows  in  the  partitions  should  be  self-closing  and  be  made  of  incombustible  material,  glazed 
with  wire  glass.  For  ordinary  office  partitions,  dividing  the  office  from  the  corridor  or  the  re- 
ception room,  the  lower  3)^  ft.  is  usually  made  of  an  incombustible  material  and  the  upper  part 
of  a  fixed  wood  and  glass  partition,  with  movable  transoms  to  permit  ventilation  of  the  rooms. 

208a.  Brick  Partitions. — Partitions  aroimd  elevators  and  stair  shafts  in  slow- 
burning  and'  mill  constructed  buildings,  and  partitions  around  boiler  room  and  coal  storage 
space  in  all  commercial  types  of  buildings,  are  usually  constructed  of  brick.  When  walls  of 
th!S  material  are  used  to  enclose  the  elevator  shaft  in  ordinary  mill  and  slow-burning  buildings, 
they  form  a  means  of  support  for  the  overhead  elevator  machinery.  When  used  to  enclose 
stairways  in  a  building  of  the  slow-burning  type,  they  form  a  safe  means  of  exit  in  case  of  fire. 
All  openings  in  these  partitions  should  be  protected  with  incombustible  doors  or  windows. 
Brick  partitions  aroimd  boiler  rooms  and  cold  storage  spaces  prevent  the  spreading  of  fires 
that  often  occur  in  such  places.  Partitions  constructed  of  brick  are  also  used  for  dividing  large 
buildings  into  small  areas  to  reduce  fire  risks,  also  round  shipping  platforms  to  withstand  the 
hard  usage  from  trucks  and  boxes.  Openings  in  walls  enclosing  shipping  platforms  and  in  walls 
dividing  the  building  into  smaller  areas  should  be  carefully  protected  with|]steel  jamb  guards. 
Partitions  constructed  of  brick  should  be  at  least  12  in.  thick.  Brick  for  partition  work  should 
be  good,  hard-burned,  kiln-run  common  brick,  laid  in  lime  and  cement  mortar. 
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SOU.  Concrete  Partitions. — Partitioiu  of  atone  conciete  of  the  same  thickness 
ae  those  of  brick  are  sometimes  used  in  place  of  biick,  but  the  cost  of  form  work  often  brings 
the  cost  of  the  wall  above  that  of  brick.  Concrete  for  partitions  should  be  mixed  in  the  propor- 
tion of  1  part  cement,  3  parts  sand,  and  5  partf>  stono — stone  to  be  no  larger  than  will  pass 
through  a  ^'in.  ring.  If  concrete  is  used  for  partitions  around  very  large  coai  storage  spaces, 
it  is  often  necessary  to  reinforce  same  nith  the  proper  amount  of  steel.  In  certain  localities  a 
hollow  cast-concrete  block  is  used  which  makefl  a  fairly  satisfactory  wall.  These  blocks  are 
generally  made  by  a  local  company,  so  that  in  competition  with  other  materials,  they  can  be 
sold  for  less  money  on  account  of  the  saving  in  freight.  They  have  the  advantage  over  bolid 
concrete  walUin  that  they  can  be  taken  donn  and  changes  made  in  the  arrsjigement  of  the  room 
with  less  difficulty. 

Solid  Donerete  partilion  nlla  may  b«  m^de  3  or  4  in.  thick  If  reinforoed.     Eitn  rodi  should  be  plued  neu  the 
edfta  ot  all  openiDgs,  ind  rodi  thould  proient  Into  the  floor  aad  cfilina  tor  knehoncB.    It  i*  uaiuU;  eoDTenieDt  to 

lekving  ■  glut  id  the  floor  at  the  proper  place.  A  Botid  ooDcrete  wall  4  in.  in  IhickncH  maliH  a  veiy  eSdent  fire 
reuitini  partiUon,  but  is  heavy  and  difficult  to  ingtatl.  For  thig  rcaion  metal  lath  and  plaaUr,  tile,  and  plaater 
blueka  are  generally  u»od  in  preference  to  ooncrolo. 

SOSe.  Tile  PardtioiiB. — Partitionsof  hollow  tile  made  of  burnt  clay  aregenerally 

used  around  offices  and  rooms  in  slon-buming  and  mill  constructed  buildings,  and  also  around 

stairs  and  elevator  shafts  in  fireproof  buildings.     Hollow  tile  for  partition  work  oFthia  kind  is 

very  desirable  and  no  better  material  can  be  had.     The  tile  block  is  usually  12  x  12  in.  square 

and  3,  4,  G,  8,  or  12  in.  thick.     Tile  tube  used  in  partitions  to  be  plastered  is  scored.     The3-in. 

tile  is  used  in  office  and  room  pari^itions  up  to  12  ft.  in  heif^ht.      Partitions  more  than  12  ft. 

high,  and  partitions  around  stairs  and  elevator  shafts,  are  usually  4  or  6  in.  in  thickness.     The 

larger  tile  arc  generally  used  in  long  dividing  walls.     Tile  for  partition  work  should  be  a  good 

hard-bumed  clay  tile,  laid  vertically  so  as  to  develop  full  strength  and  carefully  wedged  in  at 

the  ceiling.     For  partitions  that  are  to  be  plastered  a  tile  should 

be  selected  that  has  not  been  warped  in  burning,  so  ae  to  permit 

of  an  even  coat  of  plaster  over  the  entire  surface.      Care  should 

also  be  taken  in  selecting  tile  that  will  not  cause  plaster  stains  or 

pop  marks.     To  avoid  this  it  is  well  to  secure  a  material  from  a 

plant  that  has  been  in  operation  for  some  time  and  observing  the 

Fia.  334.  material  after  it  has  been  in  use  a  year  or  more.     On  account  of 

changes  in  offices,  tile  partitions  are  now  often  laid  directly  on 

top  of  the  wood  floor.     Wood  bucks  at  doors  and  other  openings  are  required.     These  bucks 

are  sometimes  nailed  into  the  joints  or  wood  strips  bedded  in  the  joints,  or  they  are  made 

wider  than  the  partitions  and  channeled  out  to  receive  the  tile,  as  shown  in  Fig.  334. 

Necessary  furring  strips  nailed  into  the  joints  to  receive  the  wood  base,  picture  mold,  and 

chair  rail  should  be  set  before  the  plastering  is  applied. 

Weioht  cf  TiLB  Partitions 


Weight  per  »quare  toot 

Sue  of  tile 

Weijht  pet  equaTB  foot 

(in.) 

(poundi) 

{pound!) 

31 

23 

30 

8 

za 

10 

34 

3S 

42 
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208d.  Gypsum  Block  Partitions. — In  recent  years  a  partition  made  of  calcined 
gypsum  mixed  with  fiber  and  molded  into  a  block  shape  has  come  greatly  into  use.  These 
blocks  are  made  solid  or  hollow,  12  in.  wide,  30  in.  long,  and  3,  4,  5,  6,  and  8  in.  thick.  They 
are  laid  in  regular  courses  breaking  joints  as  in  brick  work  and  are  set  in  lime  mortar*  The 
gypsum  block  partition  is  not  as  fireproof  nor  will  it  stand  as  great  a  horizontal  thrust  as  a  tile 
partition,  but  it  has  an  advantage  of  being  lighter  in  weight  and  also  an  advantage  in  that  open- 
ings can  be  cut  in  the  partition  with  k  saw.  The  cost  of  this  partition  is  also  a  trifle  less  than 
tile.  The  usual  wood  bucks  at  openings  and  grounds  for  trim  are  required  the  same  as  for  tile 
partitions. 

The  weight  per  square  foot  of  gypsum  block  partitions  is  given  in  the  following  table. 


Weight  op  Gypsum  Block  Partitions 


, 

Weight  per  square  foot 

Weight  per  square  foot 

Sixe  of  block 

(pounds) 

plastered  both  sides 
(pounds) 

3  in.  hollow 

9.9 

17.9 

3  in.  solid 

12.4 

20.4 

4  in.  hollow 

13.0 

21.0 

b  in.  hollow 

16.6 

23.6 

6  in.  hollow 

16.6 

24.6 

8  in.  hollow 

22.4 

30.4 

208e.  Expanded  Metal  and  Plaster  Partitions. — A  thin  partition  of  plastei 
Implied  to  metal  lath,  making  a  solid  partition  about  2  in.  thick,  is  often  used  around  small 
offices  and  toilet  rooms  in  factories  of  slow-burning  or  mill  construction.  This  type  of  parti- 
tion is  light  in  weight  and  a  trifle  less  expensive  than  any  form  of  tile.  The  difficulty  of  cutting 
openings  makes  them  rather  undesirable  in  partitions  that  need  to  be  changed  often.  The 
metal  and  lath  partition  is  usually  constructed  of  vertical  1-in.  steel  channels  set  12  or  16  in. 
on  centers,  bent  and  punche'd  at  the  ends  for  nailing  to  floor  and  at  ceiling.  At  the  openings 
a  1  X  1-in.  angle,  punched  so  that  the  wood  buck  can  be  screwed  on,  is  used.  Over  these  studs  a 
metal  lath  is  stretched  and  wired  to  the  studding  with  galvanized  wire.  Grounds  are  secured 
to  the  lath  by  means  of  staples.  Plastering  is  first  a  scratch  coat  on  one  side,  a  brown  coat  on 
each  side,  and  then  the  \«hite  coat  on  each  side  for  finishing.  The  weight  of  this  partition  is 
about  17  lb.  per  sq.  ft. 

204.  Partitions  in  Non-fireproof  Buildings. — Partitions  or  dividing  walls  in  non-fireproof 
buildings,  are  often  required  to  support  a  light  load,  so  as  to  reduce  the  span  of  the  joists  above. 

20ia.  Wood  and  Plaster  Partitions. — For  such  buildings  as  residences  and 
small  stores,  hotels,  offices,  etc.,  where  the  question  of  fire  risks  is  not  a  strong  factor,  the  most 
common  form  of  partition  is  the  wood  stud,  lath,  and  plaster  partition.  The  studs  are  either 
2  X  4  in.  or  2  X  6  in.,  spaced  12  or  16  in.  on  centers.  On  these  studs  are  nailed  wood  lath,  and 
over  the  lath  the  plaster  is  apphed.  Lath  made  of  pine,  spruce,  or  hemlock  are  used.  They 
should  be  straight  grained  and  well  seasoned.  The  regular  size  of  lath  is  K  X  IK  in.  and  4  ft. 
long.  This  length  regulates  the  spacing  of  the  studs.  The  lath  are  nailed  on  in  parallel  rows 
about  M  in.  apart  i/vith  3  penny  nails  to  enable  the  plaster  to  form  a  key.  To  prevent  cracking 
the  lath  are  laid  with  broken  joints  at  every  seventh  or  tenth  lath.  Over  the  lath  the  plaster 
is  applied  either  in  two  or  three  coats,  as  may  be  required.  The  necessary  grounds  to  receive 
the  trim  should  be  nailed  on  before  the  plastering  is  done.  The  weight  per  square  foot  of  wood 
and  plaster  partitions  is  given  in  the  table  on  p.  622. 
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{loehcal 

Weight  of  partitioD  per  squKR 
foot,  pitutend  both  oda 

2X< 

2X6 

13 

18 
17 

18 

3046.  Ezpuid«d  U«tal  and  PU>t«r  Ptrtitioiia.— Expanded  metal  uid  pUater 
partitions  ore  sometimM  used  in  non-fireproof  buildings,  conatructed  aa  described  in  Art.  203«. 
Metal  lath  over  wood  studs  are  also  sometimes  used.  It  is  seldom  that  any  special  advantage 
is  gained  by  the  use  of  such  partitions  in  non-fireproof  buildings. 

304c.  Sound  Deadeners  for  PartitionB. — To  prevent  the  sounds  from  passing 
through  the  building  by  the  full  contact  of  the  partitions  with  the  floor  construction,  metal 
saddles  with  felt  cushions  are  made  to  cany  the  partitions.  In  the  case  of  wood  partitions  the 
bottom  plate  rests  in  the  cradle,  but  with  tile  partitions  a  wood  buck  is  first  laid  to  receive  the 
tile. 

SOU.  Wall  Board  Partitions. — Wall  board  for  partition  work  is  a  built-up  wood 
fiber,  banded  together  with  a  moisture-resi&ting  cement.  It  is  approximately  ^«  in.  thick, 
32  and  48  in.  in  width  and  comes  in  lengths  (ram  6  to  12  ft.  It  can  be  painted  or  treated  with 
calcimine,  but  it  cannot  be  papered, 

a04e.  Plaster  Board. — Plaster  board  is  a  fire  resisting  material,  composed  erf 
alternate  layers  of  calcined  gypsum  and  fibrous  felts.  It  is  nailed  direct  to  the  stud  and  plast- 
ered over.  It  comes  in  >^,  ^,  and  )^  in.  thickness  and  in  sheets  32  X  36  in.  It  can  also  be 
used  in  constructing  2-in.  solid  plaster  partitions  in  place  of  metal  lath. 

VHf.  Llth  Partitions. — A  thin  sound-proof  partition  can  be  made  of  2  X  4-in. 
wood  studding,  set  sideways,  and  the  space  between  built  up  with  Uth.  On  each  side  of  this 
core,  the  metal  lath  and  plaster  are  applied.  Lith  board  is  made  18  in.  wide  and  48  in.  long. 
It  contains  SO  %  of  rock  wool  and  20  %  of  flax  fibers,  two  materials  of  high  insulating  value. 

SOS.  Partitiou  in  Cold  Storage  Buildings.— The  essential  thing  to  be  considered  in  the 
construction  of  partitions  in  cold  storage  buildings  is  insulation.  The  construction  is,  therefore, 
usually  determined  by  the  amount  of  insulation  required. 


Fig,  335  shows  a  partitior  constructed  of  2  X  4-in,  wood  studs  set  flat,  the  apace  from  stud 
to  stud  being  filled  with  2-in.  cork  boards.  Both  sidca  of  this  core  are  lathed  with  galvaiiited 
wire  lath,  and  plastered.  If  the  plastering  is  not  desired,  matched  and  dressed  boards  can  be 
used ;  in  which  esse  a  waterproof  paper  should  be  used  between  the  cork  and  the  boards.  Tlie 
cork  boards  should  also  have  an  asphalt  joint  at  each  stud  to  prevent  the  paesf^  of  air.  Mg. 
336  shows  a  double  cork-board  partition,  the  boards  cemented  together  with  cement  mortar. 
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He  Bides  of  this  partition  are  also  lathed  and  plastered.  In  cheaper  types  of  construction  the 
metal  lath  is  omitted  and  the  plastering  is  applied  direct  on  the  cork.  These  partitions  can  be 
erected  to  a  height  of  12  to  14  ft. 

WbcD  tile  ii  OMd  for  pvtilioiu.  it  li  oiutomuy  to 
plHtar  (UM  tid*  wmI  on  the  othtt  lids  to  u»  ■  nmsat 
mortar  to  hold  the  cork  tiOMda.    Owr  the  cork  uiothei 

two  Uyen  of  2-ia,  cork,  u  itaovn  in  Fig.  337.  Thig 
p&rtition  la  leoomineiKled  wlieD  firoproof  ooDitniDtioD 
is  required.  Porttend  esment  mortar  ghould  be  ueed  to 
hold  the  cork  to  the  tile. 

In  the  erection  of  putitions  in  cold  itorajEe  build- 
iii^  that  u 


u  litUe  i 


■hould  be  wed  for  this  kind  of  work. 

a06.  Partition  Finishes. — The  most  com- 
mon and  satisfactory  finish  for  partitions  is 
plaster  finished  with  either  two  or  three  coats, 

as  the  case  may  require.     Patent  paster  is  now  ,  ^^ , 

in  general  use  and  instructions  for  applying  this  p,a  33g^ 

are  given  by  alt  manufaoturers. 

For  waiiwcot  work  in  puljUc  hslla.  corridon,  end  toilet  room*,  no  betMi  msteHBl  «n  b«  eeoured  than  muble, 
^  in.  (hick.  Marble  ehoold  be  »l  with  fine  pUater  of  Pari*  jointa  and  eeeurcly  Bnehored  Into  the  pnrtitiou 
vitli  metal  aDchora.     For  wainacot  Id  kitchena,  bath  roami,  etc.,  a  nhlla  glaaed  tile  ia  used  a  great  dtal.     Theee 


III 


li' 

< 

Fio.  3».— Detail*  of  m 


jipKSS 

ifrif 

Tin  ""■" 

•  -«~" 

rt». 

5«etionC-C' 


Fin,  340. — Detail!  of  wood  panel 
D  shape.     Special  ii 
d  painted  with  kd  enamel  Gniih  >0  aa  t( 


oom  atall  partition. 

place  of  tile  ia  Keere'a  cement.     This  cement  can  be  joiDted 
Tery  Krviceable  lurfaee.     In  pkcee  that  require  the  walk  to 
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be  scrubbed,  an  elastic  sanitary  composition  similar  to  that  used  for  floors  is  often  used, 
not  require  paint,  it  can  be  cleaned  with  a  scrub  brush  and  washing  powder. 


As  this  material  doea 


207.  Toilet  Room  Partitions. — The  main  consideration  in  the  construction  of  toilet  room 
partitions  is  to  secure  a  serviceable  material,  and  to  so  design  the  partitions  as  to  make  them  aa 

sanitary  as  possible.     The  most  desirable  material  and  also 
the  most  expensive  is  marble.     For  this  purpose  the  white 

r/nrr.r«^^«rw  •  Italian  or  the  Tennessee  grey  is  more  generally  used.     A 

I  ^gyd*  more  economical  material,  and  one  used  a  great  deal  in 

I      .^^  ]!p^ff^^      industrial  work,  is  black  slate.     61ate  can  be  secured  in  the 

same  thickness  and  size  slabs  as  marble. 


•  Mtht 


In  the  construction  of  marble  and  slate  toilet  room  partitions,  the 
front  stiles  (1^  in.  thick)  should  extend  to  the  floor.  The  back  and  end 
partitions  should  also  extend  to  the  floor  and  have  a  cove  marble  baae 
so  as  to  make  the  comers  easy  to  dean.  The  dividing  partition  should 
be  set  10  or  12  in.  above  the  floor  and  should  not  be  as  high  as  the  froot 
or  back.  The  backs  for  water  closet  stalls  should  be  set  away  from  the 
wall  so  as  to  allow  ample  pipe  space,  and  should  extend  up  at  least  7  ft. 
6  in.,  so  as  to  conceal  the  flush  tanks  (see  Fig.  338).  Over  the  inpe 
space  should  be  set  a  removable  shelf.  %  in.  thick,  so  that  the  space  can 
be  dosed  up  and  kept  clean.  The  marble  and  slate  for  partitions  diould 
be  held  together  with  dowels  so  as  to  avoid  as  much  metal  work  as  pos- 
sible. In  certain  classes  of  industrial  work,  the  front  doors  and  stiles  are  omitted  and  the  dividing  partitions  are 
made  very  low  so  as  to  give  the  attendant  complete  supervision  of  the  room.  In  detail  of  this  kind,  pipe  standards 
are  necessary  as  a  frame  work  to  hold  the  marble  or  slate  together.  Wood  paneled  partitions  made  of  oak  or  birch, 
and  varnished,  make  a  good  partition  for  less  expensive  grades  of  buildings.  Whore  wood  is  used  for  partition 
work,  the  backs  should  be  set  on  a  hollow-tile  base — the  hollow  tile  to  form  a  back  for  the  sanitary  cove  base. 


Fio.  341.— Detail  of  2  X  4  and  beaded 
ceiling  partition  for  toilet  room  stalls. 
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Fia.  342. — Details  of  metal  toilet  room  stall  partition. 

In  recent  yean  a  partition  has  been  made  of  sheet  steel  and  used  a  great  deal  in  factory  work.  This  type  of 
partition  should  always  be  carefully  painted  so  that  it  will  not  rust.  The  cheapest  partition  for  toilet  room  stalls 
is  the  2  X  4-in.  stud  partition  filled  with  matched  and  headed  ceiling.  Details  of  toilet  room  partitions  are  given 
in  Figs.  838  to  342  inclusive. 


CORNICES  AND  PARAPET  WALLS 
By  Frederick  Johnck 

208.  Cornices. — After  the  main  walls  of  a  building  are  erected,  about  the  first  item  that 
receives  the  finished  treatment  is  the  cornice.  The  details  given  here  are  not  so  much  to  illus- 
trate architectural  design  as  to  show  the  construction  features  of  the  various  t3rpe8  of  cornices 
and  the  manner  of  providing  supports  for  the  material  used.  • 

Fig.  343  illustrates  an  ordinary  wood  box  cornice  and  the  manner  in  which  this  type  is 
constructed.  The  rafters  are  continued  out  over  the  building  and  lookouts  are  nailed  to  these 
so  as  to  form  nailing  pieces  to  carry  the  wood  soffits.  In  this  type  of  work  the  sheet  metal 
lining  is  carried  up  under  the  shingles  as  shown  on  the  drawing. 
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Id  fig.  344  IB  shown  another  form  of  wood  ci 
this  case  the  wood  lookouts  are  cut  in  m 
mftera.     The  hangup  gutter  haa  the  advantage  o 
replaced  when  it  is  rusted  out. 

Figs,  346  and  346  illustrate  wood  cornicea  on  nwiBonry  walls.     The  ratters  rest  on  and  are 
nailed  to  a  wood  plate  which  is  firmly  anchored  into  the  wall.     Wood  lookouts  are  built  into 


with  a  bheet  metal  hanging  gutter.  In 
tal  form  and  nailed  to  the  side  of  the  roof 
the  box  type  in  that  it  can  be  more  easily 


Pio.  343.— Wood  01 


irough,  Pm.) 


the  masonry  and  secured  to  the  end  of  the  rafters  to  form  nailing  blocks  for  the  wood  soffit. 
In  Fig.  345  is  shown  a  standing  gutter,  a  type  of  gutter  used  a  threat  deal  in  early  colonial  work. 
Nailing  blocke  should  be  built  into  the  masonry  bo  that  the  lower  sections  of  the  cornice  or 
freese  can  be  properly  secured  in  place.  Wood  for  cornices  should  be  white  pine  or  cypress, 
uid  should  be  carefully  painted  with  a  priming  coat  as  soon  as  the  wood  work  is  in  place. 

When  it  is  not  possible  to  afford  a  stone  or  terra  cotta  cornice,  a  sheet  metal  one  ia  often 
used  as  illustrated  in  Fig.  347.  These  cornices  are  supported  on  wood  lookouts  built  into  the 
masonry.  The  top  and  end  of  the  lookouts  are  sheathed 
as  shown  in  the  illustration  to  form  astraight  edge  and  also 
to  secure  proper  naihng  surface  for  the  sheet  metal.  Addi- 
tional reinforcements  back  of  the  moldings  are  sometimes 
necessary;  these  are  made  with  galvanized  or  wrought  iron 
strips  as  the  case  may  require. 


Via.  348.~DetBil  of  •* 
brick  o-sll.  (Coroira  oi 
Hall.  Philadelphia.  Pa.) 
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2W.  Parapet  Walls. — The  main  points  to  be  coDsidered  in  the  treatment  of  parapet  walla 
are  (1)  the  top  finish  or  coping,  (2)  the  treatment  on  roof  side,  and  (3)  the  flashing.  Fig.  351 
shows  a  simple  brick  parapet  wall  with  a  brick  coping  and  a  metal  strip  for  flashing.  The  brick 
for  coping  should  be  a  hard  vitrified  brick  and  be  laid  in  a  full  cement  mortar  joint.  The  metal 
strip,  used  for  flashing  just  above  the  root  line,  consiHtH  of  a  roofing-felt  strip  folded  int«  a  metal 
board  and  set  into  the  brick  joint.     These  metal  strips  are  also  secured  into  the  brick  workwith 
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galvanized  bent  hooks.     The  roofing  is  brought  up  under  the  roofing  strip  the  same  as  under  a 
regular  cap  BaBhing. 

Fig.  352  illuatrftt«8  a  parapet  wall  with  a  etone  coping  and  a  raggle  or  flaahinR  block  above 
the  roof  to  receive  the  flashing.     The  stone  coping  extends  over  the  brick  wall  and  is  cut  with 
a  drip  on  the  ineide  and  outside.     The  flashing  or  raggle  block  is  a  hard 
burned  clay  block  with  a  slot  to  receive  the  cap  flashing,  as  illustrated. 
This  detail  also  showB  a  eplay  block  at  the  roof  line  so  as  to  prevent  the 
sharp  turn  of  the  roofing  in  the  corner. 

In  Fig.  353  is  shown  a  parapet  wall  with  a  salt  glaze  tile  coping,  and 
another  form  of  raggle  or  flashing  block.  The  tile  coping  is  made  with  a 
hub  80  as  to  form  a  lap  joint. 

Hg.  354  illustrates  a  terra  cotta  coping  for  parapet  walls  and  the 
ordinary  cap  flashing  over  the  roofing.  Cap  flashing  should  be  carefully 
painted  on  both  sideb  before  it  is  put  in  place. 
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WINDOWS 
Br  Frederick  Johnck 

310.  Wood  Windows.— In  Fig.  366  is  illustrated  a  box 
frame  for  double  hung  sabh  to  be  used  in  frame  buildings. 

The  depth  of  the  wall  studa  determines  the  width  of  the  box. 
la  this  detail  the  exterior  wa.ll  surface  is  shown  as  siding;  if 
plaster  is  used  it  may  be  necessary  to  increase  the  width  of 
the  trim  to  receive  the  furring,  lath,  and  plaster.  In  the 
constrMctJon  cf  double  hung  windows,  the  pulley  stile  should 
he  made  of  straight  grained  yellow  pine,  and  the  other  parts 
of  the  frame  of  white  pine  or  cypress.  The  sash  vary  in 
thickness  from  1^  to  1^^  in.  depending  on  the  width  of  the 
window  and  the  glass  used  in  glazing.  If  plate  glass  is  used, 
it  b  better  to  have  the  l?i-in.  thickness  in  the  sash  to 
carry  the  weight.  The  exterior  trim  over  the  top  of  the 
window  should  be  flashed  with  metal  flashing  extending  up 
under  the  siding  as  illustrated.  At  the  bottom,  the  silt 
should  be  undercut  to  receive  the  siding  or  exterior  covering 
so  as  to  form  a  tight  joint. 

311.  Casement  Windows  in  Frame  WaUs.— In  Fig.  357 
is  illtistrated  a  detail  of  casement  window  with  the  bash 
arranged  to  swing  out.  When  tliis  detail  is  used  the  screens 
must  be  placed  on  the  inside  and  the  sash  operated  with 
hardware  so  designed  that  the  sash  can  be  opened  without 
opening  the  screens.  This  detail  also  shows  the  inside  of 
the  jamb  veneered  to  match  the  trim  of  the  room.  In 
Fig.   357  is  also  shown  a  sash  detailed  to  awing  in.     This 
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permits  the  screen  to  be  placed  on  the  outside,  but  requires  the  curtainH  to  be  secured  directly 
t4i  the  aash  instead  of  the  trim  as  is  the  uiniat  way.  In  detailing  the  sash  for  casemeDt  windows, 
it  is  better  to  set  the  glass  in  wood  stops  so  that  the  glass  will  not  bhake  out  if  the  wind  ahould 
slam  the  window  shut. 

SIS.  Bcsement  Windows  in  Muoni;  Walls.— This  type  of  frame  is  oft«n  called  a  plank 
frame,  and  is  perhaps  the  simplest  type  used  in  buildinK  construction.  The  jamb  is  made  of 
IH  in-  thick  lumber,  and  the  aash  IH  or  IH  in.  as  may  be  required.  The  usual  method  to 
operate  these  sash  is  to  hinge  them  at  the  top  to  swing  in  (see  Fig.  358). 


3Se.— DeUiili  o[  boi  frame  wiodDWi  Fia.  360.— D»t«ils  of  ited 

in  muoniy  wilb.  •rindon. 

313.  Box  Frames  in  Masonry  Walls. — This  frame  dt&ers  in  construction  from  the  box 
frame  in  frame  walls  in  that  it  is  a  complete  unit  set  into  a  masonry  wall  and  built  in  as  the  wall 
is  constructed.  These  frames  should  be  carefully  calked  with  oakum  so  as  to  make  a  good  sir- 
light  job.  A  water  bar  is  used  in  the  sill  so  that  the  rain  will  not  drive  in.  This  wat«r  bar 
should  be  cemented  into  the  raggle  of  the  stone  or  terra  cotta  sill.  On  the  inside  it  is  neceeaary 
to  block  out  the  frame  to  the  full  tiiicknesa  of  the  wall  so  as  to  form  a  nailing  support  for  the 
trim  (sec  Fig.  3B9). 

214.  Steel  Windows. — Windows  made  of  roiled  steel  sections  have  come  into  great  use  for 
factory  and  warehouse  work.  As  the  sash  sections  are  very  small,  these  windows  permit  the 
maximum  amount  of  light  to  pass  through.  They  are  made  in  the  counterbalanced  vertica'ly 
gliding  typco,  permitting  60%  ventilation;  in  the  triple  sash,  permitting 66%  ventilation;  and 
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in  the  pivoted  type  which  is  the  most  common.  The  queetion  of  being  able  to  wash  the  sash 
on  the  outside  should  be  given  great  consideration  in  the  selection  of  the  type  to  be  used.  It  is 
also  well  to  use  the  glass  in  as  large  a  section  as  possible  so  as  to  reduce  the  labor  of  washing 
the  windows.  When  it  is  required  to  use  wire  glass  in  steel  sash  in  walls  exposed  to  fire  risks, 
the  glass  should  be  set  in  special  approved  glazing  angles  as  required  by  the  Insurance 
Underwriteis. 

21S.  Hollow  Hetal  Windows. — Hollow  metal  windows  are  used  to  secure  proper  fire  pro- 
tection on  alley  or  lot  line  walls  (see  Kg.  361).     They  are  mode  of  22  and  24-gage  galvanized 
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Fm.  361.— DMula  of  hollaw  inntat  windows 

iron,  or  of  20  02.  copper,  and  glazed  with  wire  glass.  The  glass  rabbets  should  be  ?^  in.  deep. 
The  frame  and  the  sash  should  be  made  n-ith  as  few  parts  as  possible,  and  should  comply  with 
all  the  rules  of  the  Insurance  Underwriters.  When  mullions  are  required,  they  can  be  made 
with  a  5-in.  I-beam  enclosed  with  at  least  2  in.  of  concrete  or  other  fireproof  material.  These 
I-beama  should  be  securely  fastened  into  the  masonry  at  the  top  and  bottom,  but  proper  allow- 
ance should  be  made  for  expansion  and  contraction  when  heated.  Hollow  metal  windows  are 
made  double  bung,  both  sash  pivoted  at  sides,  and  top  sash  pivoted  and  bottom  Hash  fixed. 
Fig.  361  shows  the  method  for  trimming  hollow  metal  windows  on  the  inside  of  the  wall. 
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816.  Doon  In  Residencet. — For  reddence  work  certain  typee  and  sues  of  doora  have 
come  into  general  uae.  Fig.  362  ahowB  the  general  arrangement  of  panels  now  in  common  use. 
Doors  iorresideaees  ate  mode  IJ^  and  l?i  in.  thick  for  interior  work  and  Zand  2"^  in.  thick  for 
entrance  doors  (see  Fig.  363).  Entrance  doors  are  uHUaily  made  3  ft.  wide  so  that  furniture  can 
be  taken  in.  Bedroom  doon  can  be  2  ft.  8  in.  wide  and  cloaet  doois  2  ft.  2  in.  wide.  For  bath 
rooms  it  is  customary  to  make  doora  2  ft.  6  in.  wide.  These  doora  are  made  6  ft.  8  in.  to  7  ft. 
in  height  depending  on  the  height  of  the  ceiling  in  the  room.  In  bed  room  closets,  a  full  length 
mirror  ia  sometimes  used.  These  mirrors  should  be  set  so  that  a  small  apace  ia  allowed  between 
the  mirror  and  the  wood  back.  Interior  doors  generally  should  be  of  the  veneer  type,  while 
outside  doors  are  better  if  made  of  solid  wood  as  the  moisture  has  a  tendency  to  raise  the  veneer. 
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The  veneer  for  inside  doors  is  glued  to  a  built-up  core  or  over  a  two  or  three-ply  material 
for  panels.  If  double  or  French  doors  are  used,  a  Bingte,  or  double  astragal  is  very  necessary 
to  form  a  tight  joint  (see  Figs.  364  and  365).  Fig.  366  shows  the  detail  of  a  door  and  trim 
for  wood  and  ;daater  partitions.  The  studs  are  double  and  the  finished  jamb  is  act  away  from 
the  stud  so  as  to  have  room  to  wedge  the  door  up  plumb.  This  detail  shows  a  two-piece  trim ; 
the  molded  section  is  called  the  back  band.  In  order  to  have  the  doors  awing  so  as  to  clear 
the  carpets  or  rugs,  a  threshold  is  used,  as  shown  in  Fig.  367. 

S17.  Office  Building  Doors. — Wood  doora  for  office  buildings  may  be  divided  into  two 
general  types— communicating  doors  and  corridor  doora  (see  Fig.  368).  They  are  made  with 
either  single  or  double  panels.  The  two-panel  type  ia  perhaps  the  most  common  and  ser- 
viceable. Both  panels  in  communicating  doora  between  ofliceaaremadeof  wood.  These  doors 
are  usually  3  ft.  wide  and  7  ft.  high.  Corridor  doora  are  made  4  in.  wider  to  permit  large  desks 
and  otIiiT  pieces  of  furniture  to  be  taken  into  the  room.  The  upper  panel  in  corridor  doora 
should  be  of  maze  glass  ao  that  the  corridor  will  liave  the  proper  amount  of  daylight.  Tran- 
oms  are  also  uaedover  these  doors  so  that  the  office  can  lie  ventilated. 

Very  often  in  office  building  work,  the  doors  are  made  mth  split  jambs,  as  shown  in  Fig. 
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399.     This  permits  the  trim  to  be  eecured  to  the  jamb  and  the  door  to  be  fitted  in  the  factory 
BO  as  not  to  cause  any  del&y  at  the  building. 

S18.  Hospital  and  Hotel  Doors. — Hospital  and  hotel  doors  are  often  made  flush  panel, 
with  a  line  of  inlay  of  some  other  kind  of  wood  to  make  them  more  attractive  (see  Fig.  370). 
The  flush  panel  makes  a  very  Bonitary  door  for  such  work,  as  there  are  no  moldings  to  cat«h 
the  dust  and  dirt.    These  doors  are  made  1^  in.  thick  the  same  as  for  doors  ia  oflice  buildings. 


Fro.  3M. — Door  detail  for  wood  HDd  pliwter  pHrtilion.  Tio.  367.~Si11  Bectioa. 

319.  Refrigerator  Doors  in  Cold  Storage  Buildings. — Refrigerator  doors  for  cold  storage 
buildings  are  made  of  wood  and  insidated  either  with  cork  or  lith  (see  Pig.  371).  The  wood 
frame  or  buck  is  first  erected  similar  to  that  used  for  ordinary  doors  in  office  buildings.  The 
jamb  is  so  detailed  as  to  form  a  continuous  air  apace  entirely  around  the  door.  This  is  usually 
done  with  a  felt  filler  which  forms  two  seals  of  contact  between  the  door  and  frame.  At  the 
bottom  of  the  door  another  piece  of  felt  is  used  which  fits  against  the  cement  or  wood  sill  as  the 
case  may  be.     The  frame  for  these  doors  should  be  very  carefidly  anchored  into  the  wall  so  as  to 
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properly  carry  the  weight  of  the  door.     On  account  of  the  salt  air,  in  meat  storage  buildings  it 
is  well  to  use  only  bronze,  brass,  or  white  metal  hardware  so  as  not  to  have  trouble  with  rust. 

S80.  Cross  Horizontal  Folding  Doors. — For  shipping  room  doors  the  cross  horitontal 
folding  type  has  proven  very  satisfactory.  Doore  of  this  type  are  mode  of  wood,  sheet  steel, 
or  corrugated  8l«el  and  are  hinged  above  the  center  line  so  as  to  fold  up  like  a  jack  knife  [see 
Fig.  372).  They  can  be  operated  with  a  lift  on  the  bottom  rail  or  by  means  of  a  chain,  and  also 
by  a  chain  gear  if  they  are  very  large.     The  doors  are  counterbalanced  with  iron  weights  which 
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slide  up  and  down  in  the  metal  weight  pocket.  If  light  ia  desired,  it  is  beet  to  use  wire  glass  in 
the  upper  panels,  as  ordinary  glass  would  break  if  the  doer  is  not  operated  with  care. 

2S1.  Steel  Doora.— Doon  made  of  plate  steel  reinforced  witli  angles  (see  Fig.  373}  are 
used  a  great  deal  for  boiler  rooms,  coal  storage  rooms,  pent  houses,  and  for  stair  doors  in  factory 
and  warehouse  construction.  The  thickness  of  the  plate  varies  in  order  to  comply  with  the 
Underwriters',  union  trade  conditions,  and  city  ordinances.  For  certain  openings,  door 
checks  to  close  the  doors  are  required  to  reduce  fire  risks.  Doors  of  a  similar  character  for  this 
purpose  are  also  made  of  corrugated  sheets  of  steel 
with  non-combustible  materials  between. 

Foe  Ikrce  DpemoEe,  doon  of  thu  type  us  i.]mo  rnnde  to 
■lid<  on  fnvity  truki,  ud  an  uied  od  both  aidn  of  fire 
wilb.  Wheo  this  »  done  they  ahould  be  couiit«rwc«>ited  so 
aM  toBtAndopen  and  beaquipped  with  fuublelinLABO  ■>  tobe 
self-<^l(Hing  in  cue  of  lire.  In  the  ate  of  ateel  Gre  doon.  can 
■hould  b«  taken  to  iM  that  tbsy  comply  with  all  iuuraQcc  ud 
buUdina  lawa  ot  the  locality  in  which  they  are  to  faa  iuhI. 

'*'*^''lE?C^f^^StalSr''  °^^  ***•  Kalameined    Doors.— The  kalameined 

door  (Fig.  374)  is  made  by  drawing  a  thin  sheet 
of  metal  over  a  wood  core.  This  door  is  used  a 
great  deal  for  wire  shafts,  passenger  elevator  doors, 
etc.  The  trim  should  also  be  Kalameined  so  aa 
to  afford  full  fire  protection.  As  these  doors  can 
be  hung  hy  the  carpenter,  they  are  erected  od 
I  wood  Ijuckfl  BH  shown  in  the  illustration. 

SS3.  Hollow  Hetal  Doors.— Hollow  metal 
doors  (Fig.  375)  complete  with  jamb,  trim  door 
buck,  etc.,  are  commonly  used  aa  doors  to  wire 
shafts,  pipe  spaces,  passenger  elevators,  etc. 
These  can  be  furnished  with  shop  coat  of  paint  or 
can  he  supplied  with  a  baked  enameled  finish. 
When  light  is  required,  the  glass  used  should  be 
wire  glass  so  as  to  resist  fire.  Panels  in  these 
doors  are  often  made  with  >i-in.  asbeatos  board. 

334.  Freight  Elevator  Doors.— To    prevent 

njmii,         ^^  accidents  and  to  provide  a  door  that  could  be 

^,       ._,       ^FF-^^^^JarAnr    easily   operated   by  the   man  on   the  elevator,   a 

-L-'i-.r.Ti'.L-.j'r'-iin'   I-//li1",  ,.1.,   n-j     standard  door  divided  horizontaUy  in   the  center 
Section  Thrw^  5Bftr  Refrigerator  Door  ■' 

BO  that  one-half  could  slide  up  and  the  other  half 

Fia.  371.— Detaila  of  retnsecator  doors  in  oold       could    go    down  has  been  adopted  (see  Fig.  376). 

a    raie   ui    ate.  rj^^  ^^^  j^^^  known  doors  of  this  type  are  the 

Meeker  and  the  Pellee.  These  doors  are  made  of  steel  sheets,  or  corrugated  iron  sheets, 
reinforced  with  Steel  angles  and  tees.  They  are  made  semi-automatic  which  arc  closed  by 
the  car  as  it  leaves  the  landing,  or  full  automatic  which  open  when  the  car  reaches  the 
landing  and  closes  as  it  passes  the  landing.  In  the  semi-automatic  type  it  is  well  to  provide 
a  steel  gate  in  addition  to  the  door,  so  as  to  prevent  accidents  if  the  car  door  should  be  left 
open.  These  gates  should  sUde  up  and  be  counterbalanced.  Doors  for  elevator  shafts 
should  bear  the  Board  of  Underwriters'  labels,  and  the  gates  should  be  approved  by  the 
Casualty  Insurance  Companies. 

220.  Prrona  Door 8.~To  secure  a  wood  veneer  surface  over  a  fireproof  material  the  Pyrona 
Process  Company  manufactures  'a  door  which  has  a  fireproof  sheathing  bonded  into  the  wood 
core  over  which  the  wood  veneer  is  applied.  This  door  gives  all  the  appearances  of  a  wood 
door  and  can  be  hung  by  the  carpenter.  It  is  used  for  wire  and  pipe  shafts  in  residences  and 
apartment  buildings.  The  trim  for  these  doors  can  be  treated  in  the  same  manner  as  the  door. 
Fig.  377  shows  a  pyrona  door  detail  complete  with  trim,  ete. 
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SS6.  Hetal  Clkd  Doors. — The  melal  clad  door  for  uee  in  fire  walla  is  a  vood  Bush  panel 
door  cohered  with  sheet  metal.  It  is  a  cheaper  door  than  a  stee!  one  but  will  not  stand  the 
hard  usage  from  tracks,  etc.,  running  into  them.  The  wood  also  has  a  tendency  to  dry  rot 
due  to  the  lack  of  ventilation. 


Plan 
IFia.  372.— DaUila  of  enw  h< 


antsl  toldinc  doon  (or  atupi^rm  |>Utfi>rni>. 


IMS" 


S27.  Alignom  Fireproof  Doors.— Align  urn  is  manufactured  in  slab  form  from  fireproof 
mineral  components,  amalgamated  under  hydraulic  pressure.  It  is  worked  the  same  as  wood 
tu>d  can  be  finished  with  practically  the  same  materiab.  The  slab  can  be  reinforced  with  wire 
meeh  for  extra  strength  and  then  secured  to  both  sides  of  vertical  ribs  which  make  a  hollow 
fireproof  door.     This  product  is  manufactured  by  the  Alignum  Fireproof  Products  Company, 

838.  Revolving  Doors. — For  store  purposes  and  entrances  to  public  and  semi-public 
buildinfts,  the  revolving  door  is  very  efficient.     These  doors  are  made  with  three  or  four  wings 


634 


HANDBOOK  OP  BVILDINO  CONSTRUCTION 


;.  8-229 


and  should  be  provided  with  automatic  releasing  fire  exit  devices  ho  that  they  can  collapse  and 
give  a  full  width  door  opening  in  case  of  fire.  Thia  type  of  door  complete  with  vestibule  will 
permit  people  to  enter  freely  and  yet  allow  a  minimum  amount  of  cold  air  to  comein  during  the 
winter  months. 


Fio.  370.— Freight  elevmb 


Bt  Cortuon  T.  Pubdy 

229.  DeflnltioDS. — Staira  arc  variously  classified.  A  newd  stair  is  one  in  which  the  stair 
or  balustrade  is  constructed  with  newel  posts  at  itb  angles,  or  Cuming  points,  while  a  geo- 
melrical  stair  is  one  in  which  the  newel  posts  are  not  used  in  mak- 
ing turns.  It  follows  that  newel  stairs  are  in  straight  runs,  ordinarily 
broken  by  landings  between  floors,  and  that  the  geometrical  staira 
are  curved  and  continuous. 

Judged  by  their  horizontal  lines, 
staira  are  alraight,  qnaTler-lvm,  or  haij- 
J  urn,  and  geometrical  stairs  are  more 
commonly  termed  curved  stairs,  ciTctdar 
stairs,  eUiplieal  stairs,  mndirtg  stairs,  or 
spiral  stairs,  as  the  case  may  be. 

Most  stairs  are  constructed  with  an 
opening  in  the  floor  larger  than  thcataim, 
so  that  there  is  an  open  vertical  space 
A  newel  stair  returning  on  itself  without  such  a] 
::  fiiglit  in  the  same  vertical  plar 


from  floor  to  floor 
the  balustrade  of 

In  dwelling  houses  the/ronf  staira  are 

back  staira  arc  made  for  diimratic  n.se  and 

Stairs  are  open  or  cloxM  when  they  ar 


nopen  space — that  is,  with 
LC  with  that  immediately  above  or  below — 


he  ones  made  to  be  see i 
nlinarily  out  of  sight, 
open  or  eiirloHcii  by  w 


and  generally  used,  and  the 
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A  tread  b  the  horUontal  part  of  a  step. 

A  riser  is  the  vertical  part  of  a  step. 

A  atep  is  the  combination  of  a  tread  and  a  riser. 

A  vnnder  is  a  step  in  which  one  end  of  the  tread  is  wider  than  the  other. 

A  Hair  may  be  a  step,  a  series  of  steps,  or  a  continuity  of  steps  from  floor  to  floor,  or  the  word  in  its  singular 
form  may  apply  to  aU  the  stairs  in  one  continuous  stairway.  In  many  ways,  the  singular  and  plural  form  of  the 
word  can  be  used  interchangeably. 

A  fiighi  <4  stairat  technically,  is  a  continuous  series  of  steps  without  a  break,  but  in  ordinary  conversation  it  b 
generally  taken  to  mean  the  entire  height  of  stair  from  one  floor  to  the  next,  including  landings. 

A  ttair  caae  is  an  expression  that  properly  applies  to  the  whole  stair  construction,  including  the  place  it  occupies 
and  its  enclosing  walls.    In  common  usage,  it  is  almost  synonymous  with  the  word  "  stairs "«  but  improperly  so. 

The  run  of  a  flight  of  stairs  is  its  horisontal  length. 

The  rise  of  a  flight  of  stairs  is  its  vertical  height. 

The  pitch  of  a  flight  of  stairs  is  the  angle  of  its  ascent. 

A  landing  is  a  platform  in  the  stairs  between  floors. 

The  noainff  of  a  tread  is  the  projection  of  the  tread  in  front  of  the  riaer. 


^tj^^^'t'^'^^ 


I 

%-Angkgfpifcfi     ^j 
Run  of 'stair 


Fia.  380.— Flight  of  stairs. 


Fxa.  381. — Step  in  wood  stair 


A  atringer  is  a  longitudinal  member  of  the  stair  construction.  It  may  support  the  stairs,  or  it  may  only  appear 
to  do  BO. 

A  wall  atringer  is  the  one  that  adjoins  the  wall. 

A  /r<nU  stringer  is  the  one  on  the  open  side  of  the  stairway. 

A  haltuter  is  a  small  column  or  poet  supporting  a  rail. 

A  balustrade  is  a  series  of  balusters  joine4  by  a  rail  to  form  an  enclosure.  This  word  properly  applies  to  mas- 
sive work  in  stone  or  its  imitation,  but  now  it  is  much  used  by  architects  for  the  lighter  work  in  wood  and  iron 
employed  in  modem  stair  construction. 

A  netpel  is  a  principal  or  more  important  post  supporting  a  hand  rail.  Newels  are  used  at  the  beginning 
and  at  the  end  of  a  balustrade,  and  also  at  turning  points  on  landings. 

230.  Risers  and  Treads. — The  importance  of  stair  construction,  the  character  of  the  work 
to  be  employed,  and  the  difficulties  involved,  vary  widely  with  different  types  of  buildings. 
There  are,  however,  a  few  things  regarding  the  design  of  stairs  that  have  general  application 
and  one  of  them  relates  to  the  risers  and  treads. 

The  height  of  risers  should  be  exactly  the  same  from  one  floor  to  the  next,  even  if  it  figures 
out  an  odd  fraction  of  an  inch  to  make  it  so,  and  there  b  no  exception  to  this  requirement. 
The  treads  should  have  a  uniform  width,  except  where  winders  are  used.  In  high  buildings 
where  the  heights  of  stories  vary,  the  height  of  the  riser  will  ordinarily  change  when  the  story- 
height  changes.  In  such  a  case,  the  change  in  the  height  of  the  riser  should  be  made  as  little  as 
possible.  To  get  this  height  in  any  staircase,  determine  the  exact  height  of  the  story  from  fin- 
nished  floor  to  finished  floor,  and  divide  it  by  some  number  that  will  give  for  an  answer  the 
approximate  height  of  riser  desired.  The  divisor  will  be  the  number  of  steps  required,  and  at 
the  most,  two  or  three  trys  should  indicate  the  combination  that  is  most  desirable.  The  best 
practice  in  America  is  to  make  risers  in  ordinary  stairs  from  7  to  7 H  In.  high. 

The  relation  of  the  riser  to  the  tread  depends  upon  the  use  of  the  stairway.  Treads  10  in.  wide  are  most  com- 
naxdy  required  with  7  to  7M  in-  in  height  of  riser,  and  this  makes  a  standard  pitch  that  should  be  widely  used. 
These  proportions  make  the  most  satisfactory  stairs  in  dwelling  houses,  tenements,  apartment  houses,  hotels, 
oflloe  buildings,  and  factories,  and  particularly  where  the  stairs  are  in  constant  use.  Such  stairs  are  easy  of  ascent 
for  ordinary  persons.     If  the  height  of  the  riser  is  reduced,  the  width  of  the  tread  should  be  increased;  and,  vice 

i,  if  the  height  of  the  riser  is  increased,  the  width  of  the  tread  should  be  made  less.     Generally  speaking,  stairs 
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in  public  buildings  should  have  wider  treads  and  less  heicht  of  riser.  The  same  is  true  of  most  stairs  in  which  the 
architectural  features  are  particularly  important.  A  6>i-in.  riser  and  11-in.  tread  make  a  pitch  to  the  stairway  that 
is  more  attractive  and  inviting.  The  ftJlowing  is  a  rule  of  French  origin  which  fixes  the  relation  of  the  riser  to  the 
tread:  The  sum  of  the  width  of  the  tread  and  twice  the  height  of  the  riser  equals  not  less  than  24  in.,  nor  m^e  than 
25.  Stairs  in  the  United  States  conform  generally  to  this  rule.  In  England  there  is  a  rule  that  the  product  of  the 
height  of  the  riser  in  inches  and  the  width  of  the  tread  shall  be  66  in.,  but  it  is  not  much  in  use  in  this  country. 
The  New  York  Building  Law  requires  the  application  of  this  English  rule;  but  fixes  the  product  at  not  less  than  70 
in.,  nor  more  than  75.  It  also  limits  the  height  of  riser  to  7^  in.  and  the  width  of  tread,  without  nosing,  to  9H  in> 
In  designing  stairs,  the  first  thing  is  always  to  determine  the  number  of  steps  and  height  of  riser,  and  the  next 
thing  is  to  fix  the  width  of  the  tread  and  the  run  of  the  stairs.  Beyond  this  part,  the  problem  varies  with  the 
character  of  the  building  and  the  purpose  of  the  stairway. 

231.  Width  of  Stairs,  Number,  and  General  Design. — Dwellings,  both[in  the  city  and  coun- 
try, should  have  two  stairs,  the  front,  or  principal  st^drs,  for  general  use,  and  a  back  stairs  for 
the  service  of  the  house.  The  former  should  be  at  least  3  ft.  6  in.  wide.  In  most  dwellings 
such  stairs  are  in  constant  use,  and  they  should  have  a  standard  pitch  and  two  or  more  flights 
between  floors,  so  that  the  labor  of  passing  from  floor  to  floor  will  be  reduced  to  a  minimum. 
This  consideration  is  more  important  than  any  other,  for  the  stairs  are  used  day  and  m'ght,  by 
old  and  young,  and  if  going  up  and  down  stairs  becomes  a  burden  anywhere,  it  is  in  the  home. 
It  is  common  practice  to  make  the  front  stairs  in  the  first  story  of  dwellings  the  attractive  feature 
of  the  house.  In  the  construction  of  such  buildings,  any  expenditure  allowable  for  a  purely 
architectural  feature,  is  properly  put  in  these  stairs,  and  in  many  homes  where  the  character  of 
the  construction  will  warrant  it,  the  stair  work  is  elaborate  and  ornate.  The  old  Ck>lonial 
staircases,  still  to  be  found  in  many  houses  of  New  England  and  Virginia,  have  served  as  a 
national  model  for  stair  work  in  dwellings.  Some  of  these  staircases  are  more  than  150  yr.  old. 
The  symmetry  and  directness  of  their  design  is  their  chief  characteristic.  Some  of  them  are 
very  ornamental  and  beautiful,  and  some  of  the  workmanship  in  their  construction  is  not  ex- 
celled in  this  generation. 

In  buildings  for  the  service  of  the  public — such  as  post  ofiioe  buildings,  capitols,  libraries, 
and  railway  station;^ — stairways  should  always  be  wide  enough  to  meet  all  requirements  of  the 
most  exacting  condition.  Where  practicable  they  should  be  as  wide  as  the  entrances,  passage- 
ways, and  concourses  which  they  serve.  It  is  also  equally  important  that  such  stairs  should  be 
constructed  with  short  flights  and  commodious  landings.  All  of  these  provisions  serve  to 
prevent  overcrowding,  confusion,  and  accidents.  The  most  unsatisfactory  and  unfortimate 
feature  of  our  MetropoUtan  Subway  Railway  construction  is  the  narrow  difficult  stairways 
which  street  conditions  have  required  in  many  places. 

Schools  and  college  buildings  are  usually  classified  as  public  buildings,  but  they  have  a  differ- 
ent stair  problem.  In  such  buildings  most  of  the  travel  ebbs  and  flows  according  to  a  program, 
and  the  travelers  are  known  to  each  other  This  means  less  confusion  and  less  chance  of  acci- 
dent. The  requirements  for  stairways  in  such  buildings  can  therefore  be  made  correspondingly 
easier  than  for  stairways  open  to  the  general  pubUc  and  in  constant  use  both  ways. 

Theatres,  assembly  halls,  and  dance  halls  are  also  public  buildings,  but  they  have  still 
another  stair  problem,  chiefly  one  of  quick  exit.  The  width  of  the  stairs  and  number  should  be 
sufficient  to  empty  the  building  in  three  or  four  minutes  at  the  most.  Each  floor  or  balcony 
should  have  its  own  separate  stairway,  and  in  large  theatres,  each  division  of  a  floor  or  balcony 
should  have  a  sepcLrate  exit. 

Stairs  in  high  buildings,  office  buildings,  and  hotels  are  not  much  used,  and  are  constructed 
to  m eet  an  emergency  rath er  than  for  every  day  use.  Perfected  elevator  systems  take  the  travel ; 
but  both  legal  requirement  and  good  judgment  call  for  stairways  large  enough  and  in  sufficient 
numbers  to  afford  a  satisfactory  exit  for  the  entire  population  of  a  building  within  the  space  of 
a  few  minutes.  The  new  Commodore  Hotel  in  New  York,  with  its  2000  bed  rooms,  has  five 
stairways,  each  3  ft.  8  in.  wide,  and  the  Equitable  Office  Building  has  four  stairwas^s  each  4  ft. 
2  in.  wide.  Each  stairway  is  continuous  from  the  roof  downward  through  all  typical  stories, 
and  the  same  exit  area  is  made  good  to  the  street. 

It  is  not  enough  that  these  buildings  are  absolutely  fireproof,  that  their  floors,  doors,  wind- 
ows, and  trim  are  all  made  of  metal  or  wood  that  will  not  bum.     There  is  hardly  one  chance  in  a 
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thoufiand  that  a  fire  would  spread  beyond  the  room  in  which  it  started  in  either  building. 
Nevertheless,  their  enormous  population  makes  the  construction  of  stairways  in  such  buildings 
mandatory,  whether  special  laws  require  it  or  not.  They  should  be  designed  as  simple  in 
construction  as  possible,  with  easy  flights  and  a  standard  pitch. 

If  any  stairs  in  a  hotel  are  in  general  use,  they  are  those  connecting  the  main  floors,  ordi- 
narily the  lower  floors,  where  the  same  conditions  practically  prevail  as  those  in  public  buildings. 
Here  the  stairways  may  properly  be  fewer  in  number  and  wider,  with  less  than  standard  pitch, 
and  more  expensive.  Almost  the  same  conditions  occur  in  some  office  buildings,  particularly 
where  banks  or  other  rooms  of  a  public  character  are  located  on  the  second  floor.  In  both 
hotels  and  office  buildings,  such  stairways  are  sometimes  made  elaborate  in  architectural  design 
and  ornamentation,  but  such  an  expenditure  would  be  worse  than  wasted  in  the  upper  stories 
particularly  if  it  in  any  degree  lessened  their  value  as  an  exit.  Similar  conditions  prevail  in 
apartment  houses,  and  stairwa3n3  in  such  buildings  should  be  designed  on  the  same  basis  as  in 
hotels 

Mill  and  factory  buildings  present  still  another  problem,  particularly  where  they  are  not 
served  with  elevators.  In  such  buildings  the  stairs  are  used-  to  their  full  limit,  both  up  and 
down,  at  certain  hours  in  the  day,  and  it  is  this  use  of  the  stairs,  rather  than  their  need  as  a  safe 
exit  in  case  of  fire,  that  should  control  the  design.  All  such  buildings  should  have  at  least  two 
lines  of  stairways  from  roof  to  street,  and  this  rule  should  hold  regfiirdless  of  the  size  of  the  build- 
ing. In  such  buildings  the  possibility  of  a  temporary  obstruction  of  a  stairway  is  greater  than 
in  other  buildings,  and  the  two  stairways  serve  also  to  meet  that  difficulty. 

Factory  stairs  should  be  standard  pitch,  more  commodious  than  stairs  in  office  buildings, 
and  as  simple  and  substantial  in  construction  as  possible.  Stairways  in  loft  buildings  should 
properly  be  treated  the  same  as  in  factories,  for  such  buildings  are  particularly  available  for  the 
making  of  clothing  and  other  light  manufacturing.  It  is  not  sufficient  that  the  owner  of  a  loft 
building  intends  it  for  some  other  use,  for  buildings  stay,  and  o^vners  and  conditions  change. 

In  large  cities,  the  number  and  widtli  of  stairs  for  most  buildinss  are  fixed  by  the  building  laws,  and  they 
must  be  known  and  f<^owed;  but  in  some  places  building  laws  are  wanting  and  in  others  they  are  incomplete. 
In  any  case,  the  design  of  the  stairways  of  an  important  building  should  be  based  on  its  population,  whether  legal 
requirements  compel  it  or  not.  For  the  determination  of  populations  of  different  floors  of  fireproof  buildings,  the 
areas  considered  should  be  rooms  enclosed  by  walls  or  partitions  of  fireproof  materials;  and  corridors,  halls,  entrances 
and  other  areas  unusuable  for  the  purposes  of  the  building  should  not  be  included.  The  New  York  law  provides 
that^e  population  in  any  one  floor  of  a  fireproof  building  shall  be  taken  as  being  one  person  for  every  10  sq.  ft.  in 
places  of  assembly,  every  15  sq.  ft.  in  echools  and  courthouses,  25  sq.  ft.  in  stores,  32  sq.  ft.  in  factories,  50  sq.  ft. 
in  ofiloe  buildings,  and  every  100  sq.  ft.  in  hotels.  This  is  probably  the  best  authority  obtainable  and  it  is  the  best 
practice  in  present  construction.  The  population  of  single  floor  areas  of  fireproof  buildings  of  different  types  and 
sises  <m  this  basis  is  as  follows: 


Population  per  Floor  for  the  Different  Areas  per  Individual 


Usable  floor 

PubUc 

Schools, 

• 
Stores 

Factories. 

Offices. 

Hotels 

areas, 
(sq.  ft.) 

assembly. 
10  sq.  ft. 

courthouses 
15  sq.  ft. 

25  sq.  ft. 

work  rooms 
32  sq.  ft. 

50  sq.  ft. 

100  sq.  ft. 

3.000 

300 

200 

120 

94 

60 

30 

4.000 

400 

266 

160 

125 

80 

40 

5.000 

500 

333 

200 

156 

100 

50 

6.000 

600 

400 

240 

187 

120 

60 

7.000 

700 

■   •   • 

280 

219 

140 

70 

8.000 

800 

320 

250 

160 

80 

9.000 

900 

« 

281 

180 

90 

10,000 

1000 

312 

200 

100 

11.000 

■  «   «  ■ 

•  •  • 

220 

110 

12.000 

•  •  •  • 

•  •   • 

240 

120 

13.000 

•   •   •   • 

•   •   » 

260 

130 
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No  stairway  should  be  less  than  3  ft.  6  in.  wide,  nor  less  than  the  stairway  in  the  story  above.  In  general,  it  is 
better  to  have  two  stairways  3  ft.  6  in.  wide  than  one  7  ft.  wide.  No  buflding  having  3000  sq.  ft.  of  usable  floor  area 
on  one  floor  should  have  lees  than  two  separate  stairways.  The  stairways  of  most  buildings  should  be  suflicaent 
in  number  and  width  to  i>rovide  standing  space  for  the  population  of  the  floor  whidi  they  immediately  serve,  or 
nearly  so.  when  occupied  to  their  f  uU  capacity. 

In  a  building  of  ordinary  ceiling  height,  an  enclosed  stairway  3  ft;  6  in.  wide  with  one  half-turn  landing  and  a 
hallway  at  the  floor  level  of  moderate  sixe  will  afford  standing  space  for  45  people,  and  each  additicmal  6  in.  in  width 
of  stairway  will  afford  standing  space  for  10  additional  people.  Aooordingly.  a  stairway  5  ft.  wide  will  provide 
standing  space  for  75  people,  and  one  7  ft.  wide  for  115  people.  New  York  regulations  allow  not  more  than  one 
person  for  each  22  in.  of  stair  width,  and  IH  treads  on  the  stair  p.oper,  and  not  more  than  one  person  for 
each  3H  sq.  ft.  on  landings  and  halls  within  the  stairway  space;  and  the  floor  served  can  not  be  occupied  by  more 
persons  than  this  requirement  will  permit.  The  two  methods  of  determining  the  capacity  of  stairs  give  sub- 
stantially the  same  results. 

On  the  basis  of  45  people  for  a  stairway  3  ft.  6  in.  wide  and  10  additional  people  for  each  6  in.  additional  width, 
and  the  general  provisions  and  limitations,  the  number  and  widths  of  stairways  for  different  sises  and  tsrpea  of 
buildings  may  properly  be  made  as  given  in  the  foUowing  tabulations: 

Number  of  Stairways  and  Width  op  Each 


Usable  floor  area 
(»q.  ft.) 

Schools, 
courthouses 

• 

Stores 

Factories, 
work  rooms 

Office 
buildings 

Hotels 

3,000 

4.000 

5.000 

6.000 

7.000 

8.000 

9.000 

10.000 

11.000 

12.000 

13.000 

276^6" 

'    3^'0" 

4-5'6" 

4-6  6" 

•   •••«•• 

2-4'6" 
2-5'6" 
2-6'6" 
3-5'6" 
3-6'0" 
3-6'6" 



•   #•••• 

2-4'0" 
2-4'6" 
2-5  0" 
3-4 '6" 
3-6'0" 
4-4 '6" 
4-5'0' 
4-5  6" 

2-3'6" 
2-3'6" 
2-4'0" 
2-4  6" 
a-3  6" 
3-4'0" 
3-4'6' 
4-4'0" 
4-4  0" 
4-4'6" 
4-4 '6" 

2-3'6" 

a-3'6" 

2-3'6" 

2-3  6" 

2-3'6" 

2-3'6" 

2-3'6" 

2-4*0" 

2-4  0" 

3-3'6' 

3-3'6" 

Practice  differs  as  regards  fixing  the  width  of  stairs  in  places  of  public  assembly,  and  is  not  so  exacting  as  for 
other  buildings.  The  New  York  requirements  call  for  a  stairway  4  ft.  wide  in  the  clear  between  railings  or  walls 
for  50  people,  and  allow  50  additional  people  for  every  additional  6  in.  width  of  stairway. 

This  difference  is  reasonable  for  most  places  of  public  assembly  are  designed  so  that  the  stairways  serve  only  one 
level,  or,  at  the  most,  only  two  levels;  whereas  the  stairways  of  the  other  types  of  buildings  serve  many  levels,  and 
if  their  stairways  are  not  sufficient  to  accommodate  the  entire  population  of  the  building  at  one  time,  or  nearly  so. 
in  case  of  great  emergency,  disaster  would  be  certain. 

Where  sprinkler  systems  are  installed  in  fireproof  buildings,  the  stairway  requirements  may  properly  be  re- 
duced, and  it  is  so  provided  under  the  New  York  Building  Law.  On  the  other  hand,  if  the  buildings  are  not  fire- 
proof, the  stairway  requirements  should  be  increased.  The  amount  of  reduction  to  be  permitted  in  one  case,  and 
the  amount  of  increased  requirements  in  the  other  case,  depend  upon  the  conditions,  and  whether  those  conditions 
are  likely  to  be  permanent. 

232.  Locations  of  Stairways. — In  dwellings,  the  main  stairway  ordinarily  occupies  a  cen- 
tral and  prominent  place  in  the  hoiise.  In  buildings  of  the  old  Colonial  type,  the  main  floor  is 
divided  into  two  parts  by  the  hall,  and  the  main  stairway  is  located  in  this  room,  or  it  is  directly 
connected  to  it.  In  most  government  buildings,  school  houses,  churches,  theatres,  railway 
stations,  and  other  buildings  of  a  public  character,  the  locations  of  the  stains  ays  are  fixed  by  the 
design  of  the  building.  To  change  the  location  would  mt*an  to  re-design  the  building^  or,  at 
least,  to  make  material  changes  in  other  important  parts  of  it.  To  make  ingress  and  egrefes 
easy,  and  travel  in  public  buildings  convenient  and  comfortable,  is  one  of  the  most  impor- 
tant considerations  in  the  design  of  such  buildings,  and  the  arrangement  of  stairways  and  pas- 
sageways must  be  worked  out  as  a  part  of  the  general  design.  This  is  not  true  of  all 
buildings.  The  general  scheme  of  a  hotel  or  an  office  building  can  often  be  arranged  without 
much  regard  to  the  location  of  the  stairs — that  is  to  say,  they  can  be  figured  into  the  design  in 
various  ways  without  materially  altering  the  general  scheme  of  the  building. 

Where  two  stairways  are  required,  they  should  not  be  near  each  other,  and  if  there  are  more 
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than  two,  they  should  be  ^ ell  separated  and  placed  so  as  to  afford  the  easiest  and  quickest  serv- 
ice possible  to  the  building  as  a  whole.  The  distribution  of  stairways  is  particularly  important 
in  the  design  of  laige  factory  buildings.  It  may  be  materiaUy  to  the  advantage  or  to  the  dis- 
advantage of  the  business  in  the  building.  Such  stairways  should  be  located  so  that  there  will 
be  little  or  no  interference  in  passage  from  work  to  stairs,  from  work  to  locker  or  wash  rooms, 
and  from  such  rooms  to  stairs.  Stairways  should  never  be  located  around  or  adjacent  to  ele- 
vator shafts  without  solid  walls  between  them. 

A  double  or  interlocking  staircase  has  been  devised  that  makes  a  very  ingenious  economy  of  space.  The  two 
stairways  occupy  the  same  space  that  either  of  them  alone  would  require.  The  arrangement  can  not  be  used  unless 
the  floors  are  16  or  17  ft.  or  more  above  each  other,  and  it  is  particularly  adaptable  for  exits  for  theatres,  schocd 
houses,  and  other  public  buildings,  when  ceilings  are  high.  Fig.  382  shows  how  this  stair  is  constructed.  The 
arrangement  increases  the  fire  risk,  and  in  some  places  might  be  pro- 
hibited, but  if  the  enclosure  walls  are  properly  made  and  particularly  if 
the  entrances  are  protected  by  intermediate  corridors,  or  otherwise,  the. 
danger  of  smoke  ndght  be  sufficiently  eliminated  to  remove  this  difficulty. 

238.  Landings  and  Winders. — Winding  steps  should 
never  be  used  in  newel  stairs,  and  in  some  cities  they  are 
prohibited  by  law,  except  in  ornamental  construction  where 
the  use  of  the  stair  is  not  very  important.  Winders  ha\e 
been  used  in  American  practice  a  ver^*^  great  deal  in  dwell- 
ing house  construction,  in  order  to  economize  space  and  to 
save  expense  in  construction,  but  it  is  a  very  bad  practice. 
It  is  more  difficult  to  go  up  and  down  such  stairs,  and  the 
danger  of  falling  on  the  stairs  is  very  greatly  increased. 

^^nding  steps  are  a  necessary  part  of  curved  stairs,  and  in  such 
construction  the  width  of  the  tread  should  be  limited.  It  should  be  the 
same  width  as  the  treads  of  other  steps,  about  2  ft.  out  from  the  hand 
rail,  or  the  inside  of  the  stair,  which  is  about  the  ordinary  line  of  travel. 
The  average  width,  if  the  stairs  are  not  too  wide,  should  be  not  greater 
than  would  be  used  if  the  stair  were  straight,  and  the  minimum  width 
should  be  not  less  than  6  in. 

Landings  should  be  separated  by  4  or  5  steps.      Square  landings 
serve  to  prevent  accidents,  and  they  also  serve  as  resting  points  going  up 
and  down  stairs.     No  straight  flight  of  stairs  should  be  more  than  10  or    p^^  382.— Double  or  interlocking  stair. 
12  ft.  in  height  without  a  landing.     It  is  very  desirable  to  have  at  least 
one  landing  in  every  ordinary  story,  as  buildings  are  constructed  in  our  American  cities. 

284.  Balustrades  and  Hand  Rails. — Balustrades  and  hand  rails  are  necessities  in  the  con- 
struction of  stairways.  Even  if  the  stairway  is  entirely  enclosed  by  walls  on  both  sides,  the 
hand  rail  is  an  important  part  of  the  construction.  Without  it  the  danger  of  injury  to  people 
using  the  stairs  ay  would  be  greatly  increased. 

The  balustrade  offers  an  exceptional  opportunity  for  decorative  work.  A  great  deal  of  very  beautiful  work  in 
the  construction  of  balusters  and  newel  poets  has  been  worked  into  some  of  the  old  Colonial  staircases.  In  the 
lower  stories  of  office  buildings  and  hotels,  and  particularly  in  public  buildings,  the  balustrades  are  often  made  of 
stone,  marble,  or  bronxe,  massive  and  sometimes  very  rich  in  design.  In  all  buildings,  balustrades  and  hand  rails 
should  be  made  substantial  and  strong  enough  to  maintain  their  position  under  any  kind  of  a  strain.  Wide 
stairways  should  have  a  hand  rail  on  both  sides,  either  as  a  part  of  the  balustrade  or  fastened  to  the  wall,  and  in 
public  places  where  the  stairs  are  in  constant  use  by  large  numbers  of  people,  very  wide  stairs  should  have  an  inter- 
mediate hand  rail. 

236.  Stairway  Enclosures. — In  the  early  history  of  high  building  construction  in  our 
American  cities,  it  was  considered  quite  the  proper  thing  to  build  the  8tair\\  ays  around  elevator 
shafts,  with  nothing  between  them  but  a  light  iron  screen.  The  folly  of  this  construction, 
however,  became  quickly  apparent.  The  openings  from  floor  to  floor,  which  they  afforded, 
becfiune  the  flues  for  smoke  and  rapid  spread  of  any  fire  in  the  building.  The  next  step  in  this 
evolution  was  the  separation  of  the  stairs  from  the  elevators.  They  were  placed  in  or  adjoin- 
ing the  corridors  of  the  building.  This  was  better,  but  the  well  hole  in  the  stairway  was  still 
an  element  of  danger  in  case  of  fire.  The  only  construction  of  stairs  which  can  be  depended 
upon  to  make  them  a  safe  exit,  reasonably  free  from  smoke,  is  their  construction  viithin  enclosing 
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walls.     Our  best  building  lawa  require  the  enoloaure  walls  in  all  high  buildings.     The  con- 
struction of  such  shafts  is  tre&ted  in  the  following  chapter. 

S86.  Materials,  Details,  and  Methods  of  Construction. — In  most  cities  the  building  lawB 
require  staiis  to  be  constructed  entirely  of  incombustible  material,  except  in  frame  buildings  and 
in  non-fireproof  buildings  of  moderate  size.  All  such  stairs  are  supported  by  iron  strings,  or 
they  are  made  of  reinforced  concrete  construction.  If  they  are  supported  by  iron  airings,  the 
treads  should  be  made  of  solid  steel  or  cast-iron  plates.  Marbit,  slate,  or  other  stone  should 
not  be  used  for  finish  treads  without  such  plates  under  them.  The  reason  for  thia  is  obvious; 
in  case  of  fire  the  stone  treads  are  likely  to  crack  or  break  from  heat  or  Ttater.  In  the  most 
economical  construction  of  this  character,  the 
treads  and  risers  arc  made  of  stamped  steel 
plates  in  different  forms,  some  of  which  are 
arranged  to  carry  cement  treads. 


FlQ,  383.— Tyii 


ID  tfae  Commndors 


How.  N«w  Yurk  Cit) 

]Flgs.  383  to  387  inclusive  show  the  plan,  section  and  details  of  the  construction  of  a  typical 
stairway  in  the  Commodore  Hotel  in  New  York  City.  These  figures  give  the  actual  measura- 
ments  that  are  used,  the  enclosing  walls,  the  structural  iron  that  supported  them,  and  the  sup- 
port of  the  stairs.  It  is  given  as  an  c^iceptionally  good  exampl  of  a  very  economical  construction; 
but  thoroughly  substantial  and  fully  meeting  all  the  requirements  of  the  building  laws. 

The  stair  comes  very  near  being  a  dogged-leg  stair.  The  open  space  between  the  hand  rails, 
as  shown  on  Fig.  387,  is  only  about  1  in.,  and  between  the  iron  strings  about  3  in.  One  newel 
post  serves  both  the  upward  and  the  downward  flights  of  the  stairs.  It  is  carried  on  the  &-in.- 
beam  at  the  floor  and  on  an  8-in.  channel  at  the  landing,  and  held  in  place  by  bolts  directly 
through  the  post  and  the  webs  of  the  structural  members. 

The  height  of  the  sttur  from  Boor  to  floor  ia  10  ft.  6  in.;  there  are  17  risers,  each  7.41  in. 
high.  The  treads  are  10  in.  wide.  The  treads  and  risers  and  the  landing  are  made  of  sheet  steel 
stamped  to  form,  and  covered  with  cement. 

These  stairways  are  in  the  middle  of  the  building,  artificially  lighted  day  and  night.  As 
the  elevator  service  in  the  building  is  ample,  both  for  the  guests  and  for  the  service  of  the  building, 
these  stairways  are  not  likely  to  be  much  used,  except  in  some  possible  emergency. 

Rtinfomed  conrrau  atnirwiiyi  >re  pBrticululy  uUpUble  to  buildingg  made  oT  isiaforml  coDontt  eonitnictiaii, 

tbe  cttnalructioD  of  the  floon  and  vriUs  of  tbs  buildinf,  the  addition*!  conerele  in  the  atiir  coEitnictioD  cui  bs  put  in 
1  For  the  duign  of  reinforced  eonrrel*  itoin.  •«  Sect.  2,  Art.  43. 
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indiiied  liab  of  ooncreU  with  the  f  o 

k  ebougb  and  tbe  reinforecment  m 

iirete  lUbnys  can  beulapted  to  difficulloonditiona  often  til 

>t  be  tbe  eate  in  inui  ooutruetioD.     The  sL 


Fia-  38S  (bom  a.  unitary  gtur  of  reiuforoed  eoncnte  oonj 
]iiiip*rticuIulyde(irsb]ein*bggpitaJ.  ThetensHo  woi 
entire  stair  ig  one  piece  without  a  i 
LO  dirt.     The  Mine  (biDf  can  be  made  wi 


if  desired,  tc 
facloriea  or  other  buUdinga  irbe: 


□ot  be  adapted  ,to 
wlthDut  any  diaad- 


Tbe  relnforeed  wncrete  part  ol  tbe 
■tair  ■•  poured  in  wood  forma  alter  the 
ninfardnc  rodi  have  l>een  put  in  place, 
ud  left  in  the  rouch.  After  the  f  ornu  are 
mnoved  tbe  finiah  line*  are  carefully  de- 
tanninad,  and  tbe  tarrauo  ii  molded  in 
place  with  tooEa  made  to  fit  the  oomen 
and  projectioni  aa  mar  be  regulred. 

Btairvaya  in  dwellingB  are  generally 
made  ot  wood,  and  their  conatrucUon 
nqulrea  the  moat  akiUful  Joinery  knonn. 
Indeed,  »  (rent  is  tbe  demand  for  skill  in 
■Dsh  work  that  moat  ot  it  ia  done  by  men  wl 

Eieapt  In  nutadve  work  where  the  balual 
hospitals,  and  other  buildlnaa  where  the  app€ 
and  in  reinlaroed  oonorete  atair  work  tbe  riaera  and  treada  c 
Iron  or  iteel  strings  an  covered  with  oaat-Iron  facia,  and  tread 
material.  Tbe  baluatradee  ot  Btaiis  made  of  incombugtible  c 
Iron  or  bronie. 

Stain  ihouM  be  calculated  to  carry  100  lb.  per  sq.  ft.  ol  li 
;b  the  same  care  that  is  given  (o  floor  eonatrueti 
41 


10  other  kind  of  work. 

I  and  flnlsh  of  the  work  wilt  permit,  the  atruc 
Dd  treada  can  be  Sniabed  In  cement  or  terr 


cepting  the  hand  rail.  ar«  uiually  m 


642  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  a-237 


SHAFTS  IN  BUILDmGS 

By  Cobybon  T.  Pubdy 

The  importance  of  enclosing  stairways  and  elevators  with  fireproof  walls  has  been  evolved 
along  with  the  other  features  of  modern  construction,  but  more  slowly  than  most  of  them.  When 
we  had  only  five  story  buildings,  no  point  was  made  of  it.  For  years  afterward  the  stairway 
around  an  open  elevator  was  considered  the  proper  construction  by  the  best  architects,  and  it 
is  only  a  few  years  since  we  stopped  building  elevators  fronted  with  open  grilles,  and  stariways 
in  open  corridors.  Now  enclosures  are  required  in  many  places,  and  should  be  everywhere. 
.  The  one  thing  that  has  forced  this  evolution,  step  by  step,  is  the  growing  appreciation  of 
the  necessity  of  enclosure  walls  for  the  preservation  of  life.  The  open  elevator  or  stairway,  in 
case  of  fire,  became  a  flue  that  drew  the  fire  to  itself,  making  it  the  worst  place  for  travel  in- 
stead of  the  best.  If  it  did  not  get  the  fire,  it  did  get  the  smoke,  and  in  one  fire  in  a  New  York 
hotel,  several  lives  were  lost  in  a  few  minutes  on  this  account,  when  practically  no  damage  was 
done  to  the  building. 

All  openings  in  floors  should  be  enclosed  with  walls,  forming  vertical  shafts,  except  (1) 
small  opeiiings  for  ducts  and  flues  for  which  requirements  vary,  (2)  openings  for  stairways  in 
the  first  story  of  city  buildings,  and  (3)  stairways  in  dwellings.  There  should  be  very  few  other 
exceptions. 

237.  Kinds  of  Shafts. — Shafts  are  open  and  closed.  Open  shafts  are  open  to  the  air — that  is, 
they  are  not  covered  with  a  roof  or  any  other  kind  of  covering.  Closed  shafts  are  roofed  in  and 
completely  covered  at  the  top. 

In  general,  there  are  five  kinds  of  shafts:  light  shafts,  vent  shafts,  dumb-waiter  shafts, 
elevator  shafts,  and  shafts  formed  by  stair  enclosures.  laght  and  vent  shafts  are  constructed 
both  open  and  closed,  the  others  being  always  closed. 

238.  Open  Shafts. — Open  shafts  are  made  for  purposes  of  ventilation  and  light.  Ihey 
should  be  enclosed  with  walls  similar  to  those  required  for  the  exterior  construction  of  the 
building,  except  if  the  shaft  is  small,  in  which  cose  some  reduction  in  thickness  of  walls  n>ay 
be  allowed  provided  that  by  so  doing  there  is  no  depreciation  in  the  strength  of  the  structure 
as  a  whole.  All  openings  in  such  shafts  should  be  protected  from  fire,  whether  the  building  be 
fireproof  or  not,  and  windows  should  have  fireproof  construction,  wire  glass,  and  fire  shutters. 

239.  Closed  Shafts. — Small  vent  and  dumb-waiter  shafts  should  be  enclosed  with  walls 
made  the  same  as  partitions  ordinarily  required  in  fireproof  buildings.  Vent  shafts  should 
have  no  openings,  except  for  ventilation  purposes,  including  windows,  and  dumb-waiter  shafts 
should  have  no  openings  except  the  dooi*s  for  the  dumb-waiter  service.  These  openings  should 
have  iron  or  concrete  frames,  and  fireproof  doors  and  windows.  Such  shafts  should  also  have 
fireproof  construction  at  the  top  and  bottom.  This  fireproof  construction  works  both  ways. 
It  prevents  the  fire  from  getting  into  the  shaft,  and  then  if  the  fire  does  enter  the  shaft,  it  holds 
it  in  and  prevents  the  spread  of  the  fire  on  the  floors  above.  The  complete  enclosure  of  the 
shaft  at  the  bottom  prevents  the  entrance  of  the  fire  at  the  most  dangerous  point,  and  the  en- 
closure at  the  top  stops  the  draft  which  would  otherwise  be  established. 

240.  Stairway  Enclosures. — The  kind  of  an  enclosure  required  for  a  stairway  depends  upon 
the  size  and  construction  of  the  building,  its  use,  and  to  some  extent  on  outside  conditions.  In 
high  buildings  serving  a  large  population,  they  should  be  of  the  best  tyi>e  of  construction. 
This  is  true  of  most  buildings  in  our  large  cities,  but  in  buildings  3  or  4  stories  high,  of  ordinary 
construction,  with  brick  exterior  walls  and  with  floors  and  roof  supported  by  wood  joists,  any 
slow-burning  enclosure  wall  answers  the  purpose  as  well  as  one  made  of  fireproof  materials. 
In  a  case  of  fii'e,  the  people  will  pass  out  of  the  building  before  the  enclosure  is  burned.  It  is 
impossible  to  make  a  rule  that  will  apply  to  all  cases,  determining  under  what  conditions  the 
cheaper  enclosure  is  applicable,  but  open  stairways  should  not  extend  through  more  than  three 
stories  in  any  kind  of  a  building,  in  city  or  country.  In  New  York  City  not  more  than  two  stories 
in  any  building  can  be  connected  by  an  open  well  or  unenclosed  stairway. 
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Slow-burning  enclosures  can  be  made  in  various  ways — ^with  wood  studding  and  wire 
lath  and  plaster,  or  of  solid  wood  several  layers  thick,  or  otherwise. 

Fireproof  enclosure  walls  should  be  made  better  than  the  ordinary  partitions  of  so-called 
fireproof  buildings.  In  buildings  that  are  not  fireproof,  they  should  be  self-supporting  from 
the  foundation  upward,  the  same  as  exterior  walls,  and  made  of  materials  that  will  meet  all 
requirements  of  strength, as  well  as  of  fire  resistance.  In  fireproof  buildings,  enclosure  walls  can 
be  carried  from  floor  to  floor  on  the  fireproof  floor  construction,  or  on  the  steel  or  reinforced 
concrete  framing.  Under  the  New  York  building  law,  such  enclosing  walls  must  be  8  in.  thick 
if  made  of  brick;  6  in.  thick  if  made'  of  solid  concrete  or  of  hollow  blocks  of  terra  cotta.  concrete, 
or  gypsum ;  and  4  in.  thick  if  made  of  reinforced  concrete.  Such  walls  can  also  be  made  of  metal 
studding  covered  with  wire  lath  and  plastered  with  cement  mortar,  but  they  must  be  solid  at 
least  2H  in.  thick. 

Enclosure  walls  in  fireproof  buildings  should  also  be  well  constructed.  All  mortar  used 
in  making  them  should  be  cement  mortar.  Their  support  and  connection  at  floors  and  ceil- 
ings should  be  substantial  and  sufificient  to  resist  any  destructive  force  that  the  wall  itself  will 
resist.  Metal  studding  should  project  into  both  floor  and  ceiling,  and  be  cemented  in  place; 
the  work  should  be  so  designed  that  beams  or  other  steel  construction  will  not  project  through 
the  enclosure  walls.  At  all  points,  the  metal  of  the  steel  frame  should  be  covered  by  at  least 
l>i  in.  of  fireproofing  materiaL 

Openings  in  such  enclosure  walls  should  be  made  with  corresponding  care.  The  edges 
of  the  openings  should  be  reinforced  with  steel  to  insure  the  strength  of  the  wall  against  the 
weakening  effect  of  the  opening.  Door  and  window  frames  should  be  made  of  metal,  of  wood 
covered  with  metal,  of  fireproof  ed  wood,  or  of  their  equal  as  a  fire  resisting  material.  The  doors 
and  sash  should  likewise  be  made  of  fire  resisting  materials.  The  windows  should  be  provided 
with  iron  shutters.  Glass,  wherever  it  is  used,  should  be  wire  glass,  and  if  windowa  are  badly 
exposed,  the  glass  should  be  in  two  thicknesses,  separated  by  at  least  1  in.  of  air  space.  Sash 
should  be  fitted  with  automatic  self-closing  devices.  Doors  should  open  outwardly  and  should 
be  self-closing.  They  should  not  be  locked  when  the  building  is  inhabited.  Each  story  in  such 
an  enclosure  should  be  provided  with  artificial  light,  which  should  be  as  independent  as  possible 
of  the  other  lighting  in  the  building,  and  as  fully  protected  as  possible  from  injury  by  any  fii^ 
likely  to  occur  in  the  building,  from  within  or  without. 

The  above  specification  is  for  the  best  construction,  but  these  enclosures  are  a  small  part 
of  the  entire  constniction  of  a  building,  and  the  additional  cost  that  they  incur  is  not  a  large 
part  of  the  total  cost  of  the  building.  The  evolution  of  stair  construction  has  now  reached  the 
stage  in  which  the  public  demands  the  best  in  these  particulars. 

The  oonstruction  demanded  for  stair  enclosures  in  factories  and  loft  buildings  and  other  places  where  workmen 
nod  workwomen  congregate  is,  in  all  its  essential  elements,  the  same  as  required  for  hotels  and  office  buildings,  and 
aa  eomplete  as  herein  specified.  The  finish  may  be  omitted,  and  the  work  may  be  left  in  the  rough,  but  the  construe* 
tion  should  be  equally  substantial  and  the  prevention  of  smoke  equally  certain. 

Some  building  laws  require  "fire  towers."  A  "fire  tower"  is  an  enclosed  stairway,  as  above  specified,  with 
both  its  doors  and  windows  opening  to  the  outside  of  the  building,  and  at  a  point  that  is  not  badly  ezftosed  by  a  fire 
in  another  building.  Fire  towers  should  be  connected  at  each  floor  to  a  nearby  exit  doorway  from  the  building. 
Tba  balconiea  required  to  make  the  connection  should  be  made  of  substantial  fireproof  oonstruction,  and  as  wide 
aa  the  corridors  or  stairs  which  they  serve. 

The  complete  enclosure  of  stairway  shafts  in  city  buildings  should  continue  to  the  ground  floor,  with  an  exit 
leading  as  directly  as  possible  to  the  out«ide  of  the  building.  Such  stairways  should  also  continue  to  the  roof,  where 
they  should  be  enclosed  with  a  substantial  fireproof  construction  with  a  skylight  or  windows. 

241.  Elevator  Shafts. — The  walls  of  elevator  shafts  and  the  fireproofing  of  surrounding 
and  supporting  structural  members  should  be  made  with  the  same  care  and  good  workmanship 
called  for  in  the  construction  of  stairway  enclosures.  One  is  quite  as  important  as  the  other. 
If  there  are  only  two  elevators  in  a  building,  they  should  have  separate  shafts.  New  York 
City  does  not  permit  more  than  two  elevators  in  one  shaft,  and  whether  there  is  any  regulation 
in  regard  to  it  or  not,  the  separation  of  elevators  in  large  city  buildings  into  two  or  three  or  more 
shafts  is  very  desirable. 

The  size  of  elevators,  as  well  as  their  number,  depends  upon  the  service  required.     These 
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factors  must  be  detennined  or  assumed  before  the  number  and  size  of  the  shafts  can  be  fixed. 
The  horizontal  clearance  in  the  shafts,  at  the  sides  of  the  elevators,  depends  upon  the  size  or 
character  of  the  guides  or  rails  which  are  used  and  the  construction  of  the  car,  and  the  clearance 
required  behind  the  car  for  the  counterweight  depends  upon  the  size  of  the  counterweight.  A 
clearance  of  3H  i^-  on  each  side  of  the  car  is  the  least  allowance  for  iron  rails  and  a  recessed 
car.  If  the  rails  are  extra  heavy  or  their  supports  unusually  difficult,  this  clearance  must  be 
increased.  Wood  rails  require  more  clearance  than  iron  rails.  If  the  pilaster  effect  in  a  car 
on  account  of  making  a  recess  for  the  guides  is  objectionable,  and  the  side  of  the  car  is  made 
straight,  a  6-in.  clearance  is  the  least  that  should  be  allowed,  even  with  iron  guides. 

The  space  required  for  counterweights  is  never  less  than  8H  in.,  and  a  greater  allowance  is 
desirable.  A  clearance  of  ^  to  IK  in*  in  front  of  the  car  should  also  be  allowed.  New  York 
City  does  not  permit  more  than  l}i  in.  If  the  threshold  of  the  doorway  is  constructed  to 
project  into  the  area  of  the  shaft  to  make  this  clearance  satisfactory,  the  under  side  of  the  pro- 
jection should  be  beveled  to  the  line  of  the  shaft  as  a  measure  of  safety. 

The  above  clearances  are  on  the  basis  of  elevator  guides  on  the  sides  of  the  car  and  counter- 
weights in  the  same  shaft.  Corner  guides  are  very  undesirable,  and  counterweights  in  separate 
shafts  where  they  can  not  be  readUy  seen  are  also  objectionable.  The  simplest  arrangement  of 
these  details  is  the  best  and  ordinarily  the  most  economical  in  construction.  If  an  elevator 
shaft  is  constructed  with  given  clearances  for  a  proposed  size  of  car,  it  is  necessary  that  the 
erection  of  the  shaft  construction  be  perfectly  plumb  to  permit  the  size  of  car  as  proposed.  If 
the  shaft  is  not  plumb,  the  size  of  the  car  will  have  to  be  reduced,  for  the  guides  must  be  vertical 
whether  the  walls  of  the  shaft  are  or  not. 

The  clearance  required  overhead  for  the  car  depends  upoa  the  speed  of  the  elevator.  The 
New  York  regulations  call  for  2  ft.  when  the  speed  is  not  over  100  ft.  per  minute,  and  5  ft.  if 
the  speed  exceeds  350  ft.  per  minute,  and  these  regulations  represent  the  best  practice.  The 
clearance  is  measured  from  the  top  of  the  car,  when  it  is  in  position  at  the  top  floor  of  the  build- 
ing, to  the  under  part  of  the  lowest  overhead  construction.  The  clearance  overhead  for  the 
counterweights  depends  upon  the  tjrpe  of  the  elevator.  The  New  York  regulations  require  not 
less  than  6  in.  for  traction  and  hydraulic  elevators,  and  not  less  than  3  ft.  for  drum  type  ele- 
vators, when  the  pit  buffer  is  completely  compressed.  If  the  shaft  is  covered  with  a  floor  under 
the  construction  supporting  the  machinery,  these  clearance  measurements  would  be  to  the 
under  part  of  the  floor.  They  should  in  any  case  be  ample,  and  the  extra  expense  for  making 
them  so  is  ordinarily  not  worth  considering. 

Most  building  laws  require  a  grating  or  floor  construction  under  the  overhead  sheaves 
and  their  supports.  Whether  this  is  required  or  not,  such  construction  is  desirable  and  it  should 
be  made  substantial.  The  best  method  is  to  make  a  concrete  floor  provided  with  grated  open- 
ings under  the  lowest  sheaves  and  under  the  lowest  supporting  sheave  beams,  covering  the 
entire  area  of  the  shaft.  The  grating  is  desirable  to  permit  of  the  exit  of  smoke  that  might  find 
its  way  into  the  shaft  in  spite  of  aU  efforts  to  prevent  it.  The  grating  should  be  sufficiently 
close  to  prevent  ordinary  tools  from  falling  through. 

Ordinarily  8-ft.  head  room  above  this  overhead  floor  will  afford  ample  room  for  the  sheavee 
and  their  supports  and  for  taking  care  of  them.  If  the  machinery  is  over  the  elevators,  this 
space  should  be  increased  3  or  4  ft.,  and  a  separate  floor  should  be  constructed  immediately 
under  the  machinery.  If  the  machines  are  over  the  elevators,  the  room  containing  the  ma- 
chines should  be  incorporated  into  the  shaft  construction,  and  in  either  case,  all  the  overhead 
construction  should  be  thoroughly  fireproof  and  substantial,  and  should  be  well  lighted  with 
skylights  or  windows. 

No  rules  can  be  made  for  the  framing  around  elevator  shafts  in  either  steel  or  reinforced 
concrete  construction.  Nearly  every  building  is  a  new  problem.  Guide  rails  should  be  sup- 
ported every  12  or  15  ft.,  and  where  story  heights  are  greater,  the  framing  of  an  intermediate 
support  is  necessary. 

In  deaigning  a  large  building,  it  is  important  to  obtain  a  preliminary  layout  for  the  elevators  from  some  manu-. 
facturer  of  elevators  before  completing  the  design.     From  such  a  layout  the  elevator  loads,  taken  into  the  columns, 
can  be  determined  and  provided  for,  and  any  change  in  the  layout  made  afterwards  is  not  likely  to  materially  alter 
the  distribution  of  the  loads  so  determined. 
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When  the  elevator  machinery  is  in  the  basement,  the  total  load  for  each  elevator  is  equal  to  the  weight  of  the 
ear»  phis  a  live  load  of  75  lb.  per  sq.  ft.  of  car  floor,  multiplied  by  2,  plus  the  weight  of  the  cables.  The  weight  of 
the  ear  and  its  live  load  is  multiplied  by  2  to  cover  the  counterbalance  and  lifting  load.  The  total  load  to  be  taken 
care  of  in  the  construction  of  the  building  is  two  times  this  result.  The  second  multiplication  by  2  covers  impact 
and  other  minor  factors. 

When  the  elevator  machinery  is  at  the  top  of  the  building,  the  load  is  somewhat  reduced  so  far  as  the  lifting 
is  concerned,  but  the  weight  of  the  machinery  itself,  which  is  considerable,  is  added.  The  framework  provided  for 
the  support  of  the  beams  which  carry  the  sheaves,  is  regarded  as  a  part  of  the  construction  of  the  building.  Very 
heavy  beams  are  sometimes  required  for  this  purpose.  The  requirements  must  be  determined  from  the  layout 
of  the  elevators,  and  if  the  original  calculation  is  made  from  a  preliminary  layout,  the  design  should  be  re-examined 
when  the  final  layout  is  provided.  The  beams  that  carry  the  sheaves,  ordinarily  termed  "sheave  beams,"  are  in- 
eluded  as  a  part  of  the  elevator  contract,  and  not  a  part  of  the  construction  of  the  building. 

AH  elevators  have  buffers  and  must  be  constructed  with  pits,  or  with  extensions  of  the  elevator  shaft  below 
the  lowest  level  to  which  the  elevator  is  to  descend.  If  the  elevator  is  to  stop  at  the  first  floor,  and  there  is  a 
basement  in  the  building,  and  it  is  desirable,  it  will  be  sufficient  to  extend  the  elevator  shaft  to  the  basement  floor, 
and  to  construct  the  walk  with  a  doorway  from  the  basement  into  the  shaft.  Two  or  more  shafts  of  this  character 
adjoining  each  other  should  be  connected  in  the  basement  by  doorways.  If  the  machinery  is  in  the  basement,  the 
machine  room  should  be  of  fireproof  construction  adjoining  the  shafts,  and  connected  to  them  by  doorways  in  the 
basement. 

If  it  is  desired  to  have  one  or  more  elevators  run  to  the  basement,  the  shafts  should  be  constructed  with  the 
pits  below  the  basement  floor  the  full  sise  of  the  shaft.  These  pits  should  be  made  of  masonry,  waterproof,  and  not 
less  than  4  ft.  in  depth.  If  the  speed  of  the  car  exceeds  400  ft.  i>er  minute,  the  pit  should  be  6  ft.  deep.  There  are 
two  things  that  may  make  the  construction  of  these  pits  difficult:  (1)  the  possible  effect  they  may  have  upon  the 
design  of  the  foundations  of  the  building,  and  (2)  the  waterproofing  of  the  walls  and  floor  so  that  the  pit  shall  be 
perfectly  dry.  The  beet  way  to  meet  the  foundation  difficulty  is  to  keep  the  pit  away  from  the  foundations,  though 
that  may  involve  the  whole  scheme  of  the  elevator  arrangement.  The  pit  should  always  be  waterproofed,  but  some- 
timee  the  work  must  be  especially  well  done  to  keep  the  pit  dry. 


TANKS 

By  H.  J.  BxTRT 

242.  Sprinkler  Tanks. — For  the  highest  grade  service,  two  types  of  tanks  are  used  jointly 
— a  pressure  tank  and  a  gravity  tank.  The  pressure  tank  provides  the  high  pressure  which  is 
needed  at  the  beginning  of  the  fire.  (In  very  large  installations,  it  is  advisable  to  make  two 
units  of  the  pressure  tank.)  The  gravity  tank  when  used  with  the  pressure  tank,  furnishes  the 
reserve  supply,  and  comes  into  action  when  the  pressure  in  the  pressure  tank  has  dropped  to  a 
point  where  the  water  will  flow  from  the  gravity  tank  into  the  pressure  tank.  The  gravity 
tank  is  set  at  such  an  elevation  that  it  will  give  an  effective  pressure  at  the  highest  sprinkler 
head,  though  not  as  great  as  given  by  the  pressure  tank. 

In  a  less  efficient  installation,  the  ^tivity  tank  alone  may  be  used.  In  cases  where  only  a  few  heads  are  in- 
stalled, the  house  tank  may  be  \ised  as  a  supply,  but  the  practice  should  not  be  followed  to  any  extent,  and  if  \ised, 
the  house  tank  should  be  increased  in  sise  and  arranged  so  that  the  sprinkler  supply  is  constant  and  cannot  be 
jeduced  by  the  house  service  demands. 

The  all  essential  thing  about  pressure  tanks  is  to  have  them  air-tight.     All  tanks  must  be  water-tight. 

242a.  Location  of  Sprinkler  Tanks. — If  ground  space  is  available,  and  particu- 
larly if  several  buildings  are  to  be  served  from  the  gravity  tank,  it  is  desirable  to  make  the  tank 
structure  independent  of  the  building.  Steel  water-towers,  which  have  been  highly  developed 
and  standardized  by  a  number  of  manufacturers,  are  best  suited  for  this  purpose. 

If ,  as  is  usually  the  case  in  cities,  space  outside  the  building  is  not  available  for  this  struc- 
ture, the  tanks  must  be  supported  on  the  building.  The  structural  problem  of  carrying  the 
weight  will  usually  govern  the  location,  although  in  some  instances  appearance  will  have  an 
influence.     The  following  cases  illustrate  locations  and  methods  of  support: 

On  narrow  buildings,  say  50  ft.  or  less  in  width,  having  masonry  supporting  walls,  trusses  may  be  used,  span- 
ning from  wall  to  wall.  Tbe  position  selected  for  the  trusses  will  be  governed  by  any  other  features,  such  as  chim- 
nejrs,  pent  houses,  etc.,  that  need  to  be  cleared.  The  walls,  as  normally  built,  will  moet  likely  have  the  necessary 
strength  to  carry  the  load,  and  to  distribute  it  over  a  considerable  length  of  foundation.  Fig.  389  illustrates  a 
structure  of  this  description. 
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Fio.  389.— Sprinkler  tanke  lupportad  by  triuM 
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Four  of  the  building  oolumnB,  if  of  fireproofpd  steel  or  concrete,  may  be  selected  to  support  the  tank,  and  be 
designed  to  carry  the  additional  weight.  "Che  weight  of  the  tank  structure  and  the  water  should  be  treated  as  dead 
load  in  its  effect  on  the  foundations. 

Fig.  390  illustrates  a  case  when  the  wall  of  the  building  furnishes  support  for  one  side  of  the  tank  structure  and 
two  new  Qolumns  have  been  inserted  in  the  building  to  support  the  other  side. 

If  there  are  masonry  walls  enclosing  an  elevator  or  stair  shaft,  they  may  provide  the  support  for  the  tank. 
They  may,  if  desired,  be  extended  upward  to  form  a  tower  enclosing  the  tanks.     Fig.  301  illustrates  such  a  case. 

The  pressure  tank  may  be  placed  in  the  basement  or  put  underground  outside  the  building.  In  such  cases 
it  must  operate  under  greater  air  pressure.  Such  location  makes  the  piping  more  complicated  if  a  gravity  tank  also 
is  used.     It  is  not  recommended  if  it  can  be  avoided. 

2426.  Supports  for  Gravity  Tanks. — The  design  of  the  supports  for  gravity 
tanks  involves  gravity  loads  and  wind  loads.  Gravity  tanks  are  treated  as  dead  loads,  the 
tanks  being  filled  to  capacity.  No  deductions  are  made  as  is  done  for  floor  loads.  Tanks  and 
tank  structures  are  usually  in  exposed  situations,  and  it  is  recommended  that  they  be  designed 
to  resist  a  wind  pressure  of  30  lb.  per  sq.  ft.  on  the  projected  area  of  tank  and  supports. 


0^9s  SecHon 
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Fig.  301. — Sprinkler  tank  supported  by  brick  tower  which  houses  pressure  tank  over  elevator  shaft. 


The  gravity  and  wind  stresses  are  concurrent.  The  supports  will  be  designed  for  the  maximum  combinations 
of  stress.     If  with  an  empty  tank,  the  wind  produces  an  uplift  at  any  bearing,  suitable  anchorage  must  be  supplied. 

The  wood  tank  must  be  supported  on  chime  joints  so  cut  as  to  clear  the  ends  of  the  staves  and  thus  receive  the 
whole  load  from  the  tank  bottom.  It  will  generally  be  advantageous  to  specify  the  standard  sises  of  local  wood 
tank  manufacturers. 

It  is  desirable  that  supports  within  the  building  be  fireproof. 

242c.  Pressure  Tanks. — The  pressure  tank  is  a  steel  cylinder  placed  horizontally 
with  segmental  ends.  The  usual  working  pressure  when  placed  on  top  of  the  building  is  75  lb. 
per  sq.  in.     The  tank  should  be  designed  for  a  greater  pressure,  say  100  lb.  per  sq.  in. 

The  stress  on  a  longitudinal  joint  per  linear  inch  is  P  X  r,  P  being  the  pressure  in  pounds 

per  square  inch  and  r  the  radius  in  inches.     The  stress  on  a  circumferential  joint  per  linear 

r  .      ' 

inch  is  P  X  2*     T^  is  the  stress  on  the  joint  connecting  the  segmental  ends  to  the  cylinder,  and 

is  also  the  stress  in  the  head  if  the  head  is  a  full  hemisphere.     P  =  100  lb. 

Assume  a  tank  of  6-ft.  diameter,  or  r  »  36  in.,  joint  efficiency  50%,  and  unit  stress  16,000  lb.  per  sq.  in.     Then 

the  stress  on  longitudinal  joint  »  100  X  36  »  3600  lb.  per  linear  inch,  and  the  thickness  of  plate  required  ■■ 

3600 
(16.000)  (0.50)  -0'45in.     Use  He-in.  pbte. 

The  stress  in  the  joining  of  the  segmental  end  to  the  cylinder  is  100  X  IS  »  1800  lb.  per  lin.  in.,  and  the  thick- 

1800 
of -plate  required  for  the  segmental  end  —  . .  „  ^^w.. .,.  ,^.  —  0.225  in.,  say  ^i  in.     On  account  of  the  workre- 


(16.000X0. 50) 

quired  in  shaping  the  head,  it  is  desirable  to  make  it  thicker  than  the  computed  amount,  and  to  adopt  %  \n   as  a 
minimum. 
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■icniac  of  ths  rintlnf  of  the  Jdnla  nuy  tire  ui  effldency  (rsatar  thui  £0%  ud  thna  reddM  tfac 
■I*. 

Under  normal  working  conditions,  the  pressure  tank  ia  ^  full  of  water,  the  other  third 
being  air  space.  In  giving  the  capacity,  the  water  apace  only  ia  indicated.  Given  the  volume 
of  water,  multiply  it  by  l>i  to  get  total  volume  of  the  tank. 

The  tanks  are  set  in  two  aaddlea  made  of  wood  or  cast  iron,  as  Bbown  in  Fig.  391.  llieae 
supports  should  be  at  approximately  the  quarter  points.  The  supporting  beatna  ahould  be  so 
designed  that  they  will  be  capable  at  supporting  the  tank  when  full  of  water. 

The  appurtenances,  such  aa  manholes,  gages,  pipe  connections,  and  enclosure,  must  be  as 
required  by  the  regulations  of  local  authorities  or  the  insurance 
representatives. 

S42(f.  Gravity  Tank*. — The  gravity  tank  is 
usually  a  cylindrical  tank  and  may  be  conBtruct«d  of  steel, 
concrete,  or  wood. 

The  steel  tank  with  a  hemispherical  bottom  is  the  most 
satisfactory  type  if  conditions  permit  its  use.  This  type  has 
been  standardised  by  a  number  of  manufacturers.  Their 
designs  can  be  checked  or  new  designs  made  as  explained  in 
Ketchum's  "Structural  Engineers'  Handbook,"  p.  365.  This 
form  of  tank  may  be  used  whether  set  on  an  independent  tower 
outside  the  building  or  on  a  special  tower  on  top  of  the  building 
(see  Pig.  302). 

Concrete  tanks  can  be  made  but  are  not  much  used.  The 
expense  of  forms  and  of  constructing  the  small  yardage  of 
concrete  at  such  a  height,  makes  them  uneconomical.  Concrete 
tanka  can  best  be  made  with  flat  bottoms. 

Wood  tanka  are  cheapest  and  least  durable,  but  will  give 
good  service  if  well  built  and  well  maintained. 

S43«.  Design  of  a  Cylindrical  Gim^Qr  Tank. — 
The  stress  on  the  longitudinal  seam,  or  section,  of  a  cylindrical 
tank  is  Pr  per  linear  inch  as  given  on  p.  647.  If  the  cylinder 
is  vertical,  the  pressure  P  at  any  level  is  0.434/f,  H  being  the 
depth  in  feet  below  the  surface  of  the  water. 

Assume  for  example  a  tank  16  ft.  in  diameter,  and  20  ft, 

Fia.  3B2.— Oenenii  plsD  of  40.000-    high;  then  the  maximum  stress  on  the  cylinder.  >.«.,  just  above 

**"•"'  t"""  "^  '*"'"  the  bottom,  -  0.434  X  20  X  8  X  12  -  833  lb.  per  sq.  in.     This 

stress  must  be  resisted  by  the  plate  of  a  steel  tank,  the  reinforcing  rods  of  a  concrete  tank,  or 

the  hoops  of  a  wood  tank. 

For  the  ated  tank,  a.  unit  stress  of  16,000  lb.  per  sq.  in.  wiU  be  used,  with  50%  effi- 
ciency of  joint,  or  8000  lb.  per  sq.  in.  on  the  gross  area.  The  sectional  area  required  —  amn  ~ 
0.1O4  sq.  in.  This  being  a  section  1  in.  high,  the  thickness  required  is  0.104  in.  A  ^-in.  plate 
will  be  sufficient  for  the  stress,  but  for  surety  of  calking  and  durability,  ^^  or  even  H  >»■  may 
be  considered  the  desirable  minimum. 

For  the  concrete  tank,  a  steel  stress  of  12,000  lb.  per  sq.  in.  will  be  used.  Thus  the  steel 
required  per  inch  of  height  is  Voana  ^  ^'^"^  ^'  '"'  ^"^  "^^  H  ii>.  in  diameter  have  an 
area  of  0.1963  sq.  in.  and  aretobespaced  2^  in.  apart  at  the  bottom.  Likewbe,  the  spacing  and 
size  are  computed  at  auccessive  elevations  up  the  sides  of  the  tank.  Low  unit  stresses  are  used 
for  the  rods  to  avoid  stretch  that  might  produce  minute  cracks. 

For  the  ipood  tank,  a  steel  stress  of  12,000  lb.  per  sq.  in.  will  be  used  for  the  hoops.  Then 
the  steel  required  per  inch  of  height  i^ioQOa  "■  ^'^^  ^'  '°"     ^^''^'^  "*'**  K  in-  in  diameter, 
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having  a  net  area  (in  the  thread)  of  0.30  sq.  in.  can  be  spaced  4>^  in.  centers  near  the  bottom, 
and  at  wider  distances  upward  toward  the  top.  Round  rods  must  be  used;  flat  bars  are  not 
permissible  on  account  of  rapid  corrosion.  Low  unit  stresses  are  used  for  the  rods  to  allow  for 
initial  stress. 

The  flat  tank  bottom  can  be  considered  as  a  series  of  beams  1  in.  wide  and  designed  accdrd- 
ing  to  the  weight  of  the  water  and  the  spacing  of  the  supports.  The  bottom  of  a  steel  tank  will 
not  be  less  in  thickness  than  the  lowest  course  of  side  plates.  The  bottom  of  a  concrete  tank 
will  not  be  less  than  3  in.  and  may  be  cast  integral  with  the  supporting  beams. 

The  bottom  of  a  wood  tank  will  not  be  less  than  1^  in.  net  thickness. 

For  deUili  of  the  derign  of  steel  tanks,  eee  Ketohum's  "  Structural  Engiaeers'  Handbook,"  p.  365. 
Fot  details  of  the  desisn  of  concrete  tanks,  see  Hool  and  Johnson's  "  Concrete  Engineers*  Handbook,"  p.  705. 
For  details  of  the  design  of  wood  tanks,  see  "  Regulations  of  the  National  Board  of  Fire  Underwriters  for  the 
Installations  of  Gravity  and  Pressure  Tanks.'* 

243.  Hottse  Tanks. — In  important  buildings  it  is  generally  necessary  to  provide  one  or 
more  tanks  for  water  supply.  Various  local  conditions  require  their  use.  The  pressure  of  the 
public  supply  may  not  be  sufficient  to  deliver  water  to  the  upper  floors,  or  the  public  supply 
may  be  unreliable  as  to  pressure,  and  it  is  always  subject  to  accident  or  to  heavy  draft  for  fire 
purposes.  Accordingly,  the  tank  is  designed  to  secure  the  proper  pressure  for  the  upper  floors 
to  which  the  city  supply  will  not  reach,  also  to  act  as  an  equalizer  between  the  pump  discharge 
and  the  building  demand  and  provide  a  supply  for  a  short  period  of  time  in  the  event  of  the 
shutting  down  of  the  service.  The  lower  floors  should  be  taken  care  of  by  the  service  pressure 
if  such  does  not  complicate  the  piping  system. 

The  supply  may  come  from  a  private  well;  or,  treated  water  may  be  used  for  drinking  or 
ctdinary  purposes,  thus  making  a  tank  necessary. 

843a.  Capacity  of  House  Tanks. — The  capacity  required  varies  with  the  uses 
and  conditions.  No  very  definite  rules  can  be  given.  If  the  pumping  plant  is  automatic,  the 
storage  need  be  only  enough  for  two  or  three  hours  of  maximum  use.  If  the  plant  reqiiires 
manual  operation,  two  or  more  pumpings  a  day  may  be  planned.  For  very  smiUl  buildings, 
1000-gal.  capacity  is  ample,  increasing  from  this  siee  to  2000  or  2500  gal.  Beyond  this  size, 
it  is  generally  advisable  to  install  two  tanks,  cross  connected  and  valved  so  that  either  may  be 
thrown  out  of  service  for  cleaning  purposes. 

It  is  advisable  to  make  the  tank  as  small  as  practicable,  so  that  the  water  may  be  changed  frequently  and  re- 
main fresh.  In  large  important  buildings,  such  as  hotels,  etc.,  it  is  advisable  to  provide  two  services  from  two  street 
fronts  if  practicable,  to  avoid  interruption  in  the  service  to  the  house  tank  supply.  The  available  space  for  the 
tank  and  the  cost  of  installation  may  have  an  influence  in  deciding  the  capacity. 

2486.  Location  of  House  Tanks. — The  storage  must  be  of  course  above  the 
highest  fixture  to  be  served.  The  usual  location  is  in  the  attic  space  or  in  a  pent-house  above 
the  roof.  In  the  latter  case,  it  is  desirable  to  locate  it  adjacent  to  the  elevator  pent-house,  to 
avoid  the  building  of  a  separate  house.  In  some  cases  it  may  be  enclosed  in  a  stairway  pent- 
house. It  should  be  enclosed  for  protection  against  dirt  and  against  freezing.  Heating  may 
be  necessary. 

248c.  Construction  Materials. — The  tank  may  be  constructed  of  either  steel, 
concrete,  or  wood.  Steel  is  preferable,  as  it  can  be  readily  made  water-tight  and  with  reason- 
able maintanance  will  be  permanent.  Its  cost  will  be  greater  than  concrete  or  wood.  Con- 
crete may  be  used  but  will  require  special  care  in  construction  to  make  it  water-tight,  especially 
at  pipe  connections.     Its  use  would  be  appropriate  only  in  a  concrete  building. 

Wood  is  the  cheapest  material,  and  can  be  made  tight  if  sufficient  care  is  used  in  construction.  It  cannot  be 
considered  permanent.  Greater  security  against  leakage  in  rectangular  tanks  can  be  secured  by  lining  with  sheet 
lead  or  with  tin  plate  having  soldered  joints.     The  wood  is  more  likely  to  rot  if  the  tank  is  lined  than  if  it  is  unlined. 

248C2.  Details  of  House  Tanks. — The  supply  pipe  should  be  run  over  the  top  of 
the  tank,  or  its  outlet  placed  at  the  level  of  the  overflow ;  otherwise,  any  failure  of  itfi  supply  or 
leakage  through  the  pump  will  drain  the  tank.     Connection  of  the  supply  pipe  to  the  distribut-^ 
ing  system  is  objectionable  for  the  above  reason  and  the  added  reason  that  it  transmits  vibra- 
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tionB  throughout  the  distributing  system.  The  outlet  should  be  2  or  3  iu.  aliove  the  bottom  to 
allow  for  the  deposit  of  sediment,  but  a  drain  should  be  taken  from  the  bottom  to-secure  thorough 
cleaning  when  neceesary. 

An  oT«raav  outlst  ahull  be  provided  U  but  6  id.  below  tb«  tap  o<  I 
lu-fs  H  the  lupply  pipr  nod  BhauM  not  be  Fonnsctcd  to  tbe  druiimgc  or  pli 
diichuce  on  to  the  roof. 

It  ia  dairmbli  to  wt  thr  Uuk  in  ■  stfrl  pan,  the  pan  providod  with  adrain  pipediichariinEiDKCDiuplruoiu 
plue  *o  that  uiy  leakaae  or  overfiow  will  br  quickly  diacov«r«l.  Thia  pao  iieoeatill  totatnl  lankaoa  aomiut  ol 
eoDdenution.     The  pan  ihould  be  about  3  in.  deep  sod  shout  1  ft.  larier  dikmelei  than  the  taok. 

A  reliable  tell-tsle  o[  gMtt  muat  be  used  with  ite  iDdei  in  a  conapicuoua  place  neac  the  pump  at  place  of  mntrot. 

34Se.  House  Tank  Desiga— Aectonffufor  Wooden  Tanis.— Assume   Unk  12  ft. 
long,  6  ft.  wide  and  6  ft.  deep  (Pig.  3S3).     The  unsupported  length  of  side  plank  is  72  in.     Maxi- 


Fia.  393.— RecUnsular  wooden  taok. 

mum  pressure  near  bottom  of  tank  is  0.44ff  =  2.04  lb.  per  sq.  in.,  or  380  lb.  per  sq,  ft.     The 

'2  64  X  72  X  72 
bending  moment  on  a  strip  1  in.  high  (as  simple  beam)  =  ~ s —  1710  in.-lb. 

The  appropriate  thicknese,  (,  of  plank  can  be  determined  from  this  bending  moment.     Allowing 
a  fiber  stress  of  14001b.  persq.  in.,  we  have  }i  X  1400i'=  1710.     (  -  2.7  in.     Use  3-in.  plank 
(net  thickness  dressed  2%  in.).     This  thickness  is  suitable  for  sides,  ends,  and  bottom, 
llie  buck  stay  is  designed  as  follows: 

Total  load  -  6  X  6  X  ^  =  6840  lb. 

Stress  in  top  rod  {H)  -  2280  lb. 

Stress  in  bottom  rod  (?a)  •  4660  lb. 

M.  (approx.)  ~  H  y.  6840  X  6  =  5130  ft.-lb.  -  61,560  in.-lb. 

This  requires  a  6  X  8-in.  timber. 

The  maximum  rod  stress  given  above  requires  0.28  sq,  in.  net  section  computed  at  16,000 
lb.  per  sq.  in.  but  as  this  rod  will  have  an  initial  stress  due  to  cinching  up  the  tank  and  may  hare 
additional  stress  from  swelling  of  the  wood  it  is  considered  expedient  to  use  ?^-in.  round  rod 
having  a  net  area  of  0.41  sq.  in. 

The  vertical  rods  have  no  stress  from  water  pressure  but  have  the  cifiching  and  swelling 
stresses  referred  to  above.     For  simplicity  of  design  J^-in.  round  rods  will  be  used  throughout. 

Cypres,  red  wood,  Sr  snd  long  leaf  pine  are  mitsble  for  Unk  cooatruction.     No  Daib.  acrewi.  or  bolta  abouU 
be  uaed.  the  Unk  being  held  together  with  (imbera  and  roda  aa  ibowB,     BUIa  ai 
under  the  tank,  to  avoid  decay.     The  hills  uiiut  he  nolehed  il  ncreagi 


eavily  painted  with  red 
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Rectangvlar  Concrete  Tanks. — ^The  pressures  and  their  i^plioation  are  the  same  for  concrete 
tanks  as  described  for  wood  tanks.  Two  sets  of  rods  must  be  used  in  each  slab,  placed  at  right 
angles  to  each  other,  whether  required  by  the  stresses  or  not.  This  is  to  prevent  cracks. 
The  vertical  rods  of  the  sides  and  ends  should  be  continuous  with  the  bottom  rods,  i.e.,  the  rod 
should  extend  down  one  side,  across  the  bottom,  and  up  the  other  side.  The  horizontal  rods 
in  the  sides  and  ends  should  be  continuous  around  the  perimeter  of  the  tank  and  spliced. 

The  concrete  must  be  of  a  very  dense  mixture  to  meet  both  the  structural  and  waterproof  requiremeota.  The 
concrete  may  be  made  waterproof  as  explained  in  Sec.  5,  Art.  29. 

The  pan  for  a  concrete  tank  may  be  made  by  forming  it  of  a  membrane  waterproofing  laid  directly  on  the 
concrete  floor,  and  covering  it  carefully  with  at  least  3  in.  of  concrete. 

Cylindrical  Tanks, — The  sizes  of  cylindrical  tanks  for  house  supply  are  so  small  that 
minimum  sections  will  generally  be  used. 

For  steel  tanks  }^-in.  plate  should  be  used  throughout. 

For  concrete  tanks,  the  walls  and  bottom  should  be  3  in.  thick.  The  circumferential  rods 
should  be  ^-in.  rounds  spaced  3  in.  on  centers,  and  the  vertical  rods  should  be  of  the  same 
diameter  spaced  1  ft.  on  centers.  For  the  bottom,  %-in.  rods  should  be  used,  both  direc- 
tions, spaced  4  in.  on  centers  with  the  ends  bent  up  into  the  walls  6  to  8  in. 

For  wooden  tanks,  staves  and  bottom  should  be  not  less  than  1}^  in.  thick,  net.  The  rods 
should  be  ^-in.  rounds  spaced  6  in.  on  centers  near  the  bottom  and  12  in.  maximum  near  the 
top. 

If  the  tank  is  over  10,000  gal.  capacity,  it  should  be  designed  as  illustrated  in  Art.  242e. 

244.  Gasolene  Tanks. — ^Local  building  regulations  should  be  consulted  in  regard  to  gaso- 
lene tanks  Good  practice  requires  gasolene  tanks  to  be  buried  in  the  ground  and  covered  with 
not  less  than  5  ft.  of  earth;  and  to  be  placed  outside  the  walls  of  the  building.  Before  being 
placed,  tanks  should  be  given  a  heavy  coat  of  asphalt  paint.  After  being  set  in  place  with  all 
fittings  attached,  and  before  being  covered,  they  should  be  tested  with  a  pressure  of  75  lb. 
per  sq.  in. 

Gasolene  tanks  and  their  fittings  are  standardised  by  the  manufacturers,  and  their  standards  should  be  fol- 
lowed.    The  thickness  of  s  hell  and  the  riveting  can  be  checked  on  the  basis  of  the  test  pressure  of  75  lb.  per  sq.  in. 

The  sise  of  tank  may  be  limited  by  municipal  regulation.  The  quantity  to  be  stored  can  best  be  determined 
from  the  needs  of  the  industry  served.  The  ordinary  tank-car  holds  about  10,000  gal.  If  purchased  by  the 
oar-load,  the  storage  provided  should  be  about  50  %  in  excess  of  the  car-load. 

If  no  local  regulations  govern  the  construction  and  placing  of  the  tank,  it  should  conform  to  the  regulations 
of  the  National  Board  of  Fire  Underwriters  for  the  Installation  of  .Containers  of  Hasardous  Liquids. 


WIND  BRACING  OF  BUILDINGS 
By  H.  J.  Burt 

It  is  assumed  that  wind  pressure  acts  horizontally  and  exerts  a  uniform  pressure  over  the 
entire  surface  of  the  windward  side  of  the  building.  Although  in  certain  localities,  as  along 
the  Gulf  Coast,  the  severe  storms  come  from  one  direction,  it  is  customary  to  assume  that  the 
maximum  pressure  may  be  in  any  direction.  In  designing  wind  bracing  it  is  not  considered 
necessary  to  take  into  account  the  suction  on  the  leeward  side,  the  greater  pressure  at  the  cor- 
ners of  the  building,  or  the  variation  of  pressure  with  height.  It  is,  of  course,  permissible  to  take 
advantage  of  the  protection  afforded  by  adjacent  permanent  buildings. 

245.  Wind  Pressure. — The  formula  commonly  used  for  expressing  the  relation  between 
wind  velocity  and  pressure  is:  P  —  0.004 F*,  in  which  V  is  the  velocity  in  miles  per  hour,  and 
P  the  pressure  in  pounds  per  square  foot.  This  formula  is  of  little  practical  use  because  of  the 
uncertainty  of  the  velocity  to  be  provided  for.  For  80  miles  per  hour,  it  gives  a  pressure  of  25.6 
lb.  per  sq.  ft. 

The  pressure  mofet  commonly  used  is  20  lb.  per  sq.  ft.  of  projected  area.  This  is  required 
by  building  codes  of  some  cities.  The  City  of  New  York  Building  Code  of  1917  requires  30  lb. 
per  sq.  ft. 
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Where  legal  requirements  do  not  govern,  it  niay  be  permiasible  to  use  15  lb.  per  sq.  ft.  on  low  mill  buildings 
where  storm  conditions  are  not  likely  to  be  severe.  There  are  other  situations  where  30  lb.  or  even  40  lb.  per  sq. 
ft.  are  justified,  such  as  for  very  high  buildings  and  for  buildings  having  large  open  spaces  with  few  partitions  and 
floors.  A  high  wind  pressure  should  also  be  used  in  the  design  of  towers  and  signs,  and  for  buildings  in  localities, 
subject  to  hurricanes. 

246.  Effects  of  Wind  Pressure. — The  effects  of  wind  pressure  are:  (a)  a  tendency  to 
overturn  the  building  as  a  unit,  which  must  be  resisted  either  by  the  dead  weight  of  the  building 
or  by  anchorage;  and  (b)  a  tendency  to  collapse  the  building,  which  must  be  resisted  by  the 
structural  parts  of  the  building. 

247.  Path  (tf  Stress. — The  wind  pressure  must  ultimately  be  resisted  by  the  foundations 
of  the  building.  It  is  applied  to  the  wall  surfaces,  including  windows;  it  is  then  transmitted  to 
the  floors  or  columns;  and  thence  through  the  structural  framing  or  cross-walls  to  the  founda^ 
tions.  The  path  must  be  continuous  and  as  direct  as  possible,  and  all  members  along  the  path 
must  be  capable  of  transmitting  the  stress  in  addition  to  their  other  f  u  nctions.  Several  alternate 
systems  of  bracing  may  be  devised  for  a  given  building.  The  one  to  be  preferred  structurally 
is  that  which  is  most  direct  from  the  exposed  surface  to  the  foundations,  but  the  architectural 
requirements  may  compel  a  more  devious  routing.  Wherever  possible,  advantage  is  taken 
of  the  members  required  by  the  gravity  loads. 

248.  Unit  Stresses. — As  maximum  wind  stresses  occur  only  at  long  intervals  it  is  allowable 
to  use  a  higher  unit  stress  than  for  gravity  loads..  It  is  well  established  practice  to  specify  that 
for  stresses  produced  by  wind  alone  or  combined  with  gravity  stresses,  the  units  may  be  in- 
creased 50%;  but  the  section  must  be  not  less  than  required  for  the  gravity  loads. 

249.  Resistance  to  Overturning. — ^The  wind  pressure  on  a  building  tends  to  rotate  it  about 
a  horizontal  axis  at  the  ground  level  or  at  the  foundation  level  on  the  leeward  side. 

Assiime  a  masonry  building  40  X  100  ft.  in  plan,  and  120  ft.  in 
height.     The  maximum  overturning  moment  about  this  axis  is: 

100  Gength)  X  120  (height)  X  20  (pressure)  X  60  (moment 

arm)  »  14,400,000  ft.-lb. 

To  determine  the  resisting  moment,  the  dead  weight  must  be  com- 
puted, but  for  purpose  of  illustration  it  is  assumed  in  this  case  to 
be  6,000,000  lb.     The  resistance  to  overturning  is: 

Weight  X  H  width  -  6.000,000  X  20  »  120,000,000  ft.-lb. 

This  gives  a  wide  margin  of  safety.  The  ratio  of  resistance  to  over- 
turning should  be  not  less  than  IK  to  1. 

Assume  a  steel  mill  building  shown  in  section,  Fig.  394.  As- 
sume panel  lengths  of  20  ft.,  and  that  each  panel  is  fully  braced 
transversely.     Then  the  overturning  moment  is: 

20X50X20X25-  500,000  ft.-lb. 

Assume  that  the  computed  weight  of  one  panel  of  the  building  is 
16,000  lb.,  then  its  resisting  moment  is: 

16,000  X  20  -  320,000  ft.-lb. 

anchorage  must  be  provided  for  750,000  -  320,000  -  430.000  ft.-lb. 

represented  by  the  couple  AB,  Fig.   394.     The  anchorage  and  weight   of  footing  required  at  A    (and  B)  is 
430.000 


40 


-  10,7601b. 


260.  Resistance  to  Collapse. — In  order  to  prevent  collapse  from  wind  pressure,  the  wind 
bracing  must  transmit  the  horizontal  wind  pressure  to  the  foundations.  This  can  be  accom- 
plished by  two  types  of  frame  work:  (1)  triangular,  Fig.  395,  having  axial  stresses,  and  (2) 
rectangular  or  portal  framing.  Fig.  396,  having  bending  stresses. 

261.  Triangular  Bracing. — The  analysis  of  a  single  panel  of  triangular  bracing  is  shown  in 
Fig.  397.    The  wind  load  is  assumed  to  be  concentrated  and  is  represented  by  W,    The  hori- 

zontal  reaction  at  the  foundation  is  /J  =  TT.     The  vertical  reaction  is  F  =  F'  =  IF  -7*     The 

stress  diagram  gives  the  stresses  in  a,  &,  and  c.    The  stresses  are  all  axial. 

The  system  of  triangular  bracing  may  be  extended  horizontally  and  vertically  by  additional 


Sec  8-^1] 


STRUCTURAL  DATA 


653 


panels,  as  in  Fig.  398.     The  wind  pressure  is  computed  for  each  story  and  applied  at  each  floor 
and  the  roof  levels,  as  represented  by  Wr^  IFj,  etc. 

Beginning  at  the  top,  the  stresses  in  the  top  story  membei's  are  determined.     The  hori- 
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r\ 


Fia.  305. 


Fio.  396. 


Fia.  397. 


xontal  shear  Wtt  is  divided  equally  between  the  panels  of  the  third  story,  and  the  stresses  in  tlie 
members  of  the  third  story  are  determined  as  described  above.  If  the  panels  are  equal,  the 
stresses  of  corresponding  members  will  be  equal.  Each  intermediate  column  has  two  equal  and 
opposite  values  of  F,  which  cancel.    The  diagonal 

TF» 
stresses  are  -sr  X  sec.  cl 

The  loads  of  the  third  story  are  transmitted  to 
the  next  lower  story  at  the  third  floor,  by  the  anti- 
reactions  Vi  and  Va  at  columns  1  and  4  and  by  the 

Wr 
horizontal  shear  -5-  at  columns  1, 2,  and  3.    To  these 

are  added  -«-  and  the  second  story  stresses  are  de- 
termined as  before.     The  diagonal  stresses  in  this 

^              Wr  +  Wi  ^ 
story  are « X  sec.  /8. 

The  horizontal  load  or  shear  to  be  resisted  in 
any  story  or  tier,  is  the  sum  of  all  the  horizontal 
loads  above  that  tier. 

If  the  panels  are  unequal  in  length,  each  must 
be  analyzed,  and  the  values  of  V  for  the  intermediate 
columns  will  not  fully  cancel.     However,  these  values,  which  arc  column  stresses,  will  rarely 
require  any  additions  to  the  column  section  of  the  intermediate  columns. 

Having  determined  the  stresses,  the  sections  are  designed  using  unit  stresses  according  to 


Fia.  398. — Diagram  of  triangular  framing 
extending  over  a  building. 
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Fig.  400. 


Art.  248.  The  digaonaJs  carry  wind  stresses  only.  The  verticals  which  are  the  buUding  col- 
umns, and  the  horizontals  which  are  girders  or  joists,  will  not  usually  j\p^  ^  b©  iactcao^d  if^ 
carry  the  wind  stresses. 
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262.  Rectangular  Bracing. — ^A  rectangular  frame  with  hinged  joints  offers  no  resistance  to 
a  horizontal  force,  hut  will  collapse  as  indicated  in  Fig.  399.  A  rectangular  frame  with 
rigid  joints  will  resist  a  horizontal  force  and  tends  to  distort  as  shown  in  Fig.  400.  In  so  dis- 
torting, the  members  take  the  form  of  reverse 

contrailexure  at    mid- 


*  1,     ,  f        '^        *1  curves  with  points  of  coi 

Vf  r r  ^ — ^ — ill'"  ^*"«**'- 

^  In  Fig.  401,  assume  hi 

1  oontraflftxiirfi  «.  f.  and  n^     Tl 
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=^/r 
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hinges  at  the  points  of 
contrailexure  e,  /,  and  g.  The  bending  moments 
at  a,  by  c,  and  dj  in  the  verticals  and  at  a  and  b  in 
the  horizontal,  are  equal,  with  a  value  of  }^WH, 
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Fxa.  401. — Illustrating  wind  load  and  reactions 
on  a  stiff  bent. 


Fia.  402. 


In  addition  to  the  bending  stresses,  the  direct  stresses  are:  }4W  (compression)  in  ab,V  =  HWj- 

(compression)  in  W,  and  V  =  H^^^  (tension)  in  <ic.    Fig.  402  is  a  graphical  representation  of 
the  bending  moments. 
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This  analyats  may  b«  oxtonded  to  any  number  of  panels,  and  any  number  of  stories.     This 
is  illustrated  in  Fig.  403.     TFi,  TFj Wn  represent  the  wind  loads  at  the  several  floor 
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and  roof  levels.  Wb\  TFi',  TFt',  etc.,  represent  the  shears  to  be  resisted  by  the  columns  in 
the  successive  stories,  and  in  each  case,  is  the  summation  of  all  the  wind  loads  above  that  level. 
Hb*  fiif  etc.,  represent  the  story  heights. 

It  is  necessary  to  assume  the  distribution  of  the  shear  among  the  columns.     The  assumption 

here  made  is  —  for  the  shear  at  the  intermediate  columns,  and  -k-  at  the  outside  columns, 

n  being  the  number  of  panels. 
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Fio.  404. — Diagram  of  plan  and  elevations  for  computing  wind  load  moments  and  shears. 

The  bending  moment  in  an  intermediate  column  in  any  story  equals  the  total  shear  in  that 
story  multiplied  by  half  the  story  height,  and  the  product  divided  by  the  number  of  panels. 
This  is  expresed  by  the  formula 


M  = 


2n 


The  bending  moment  in  an  outside  column  is  one-half  that  in  an  intermediate  column,  or 

4n 
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The  bending  moment  in  each  girder  connection  at  an  intermediate  column  is  the  mean 
between  the  bending  moments  in  the  column  above  and  below  the  girder.  It  is  expressed  by 
the  formula 


M 


-A 


W'gH 

2n 


■^     2n 


)  ^  in  ^^'"-^-  "^  ^'*^*^ 


The  bending  moment  in  a  girder  connection  at  the  outside  column  is  the  same  in  amount 
as  at  intermediate  columns. 

In  the  above  formulas,  a  and  b  refer  to  two  adjacent  stories,  as  the  third  and  fourth.  The 
panel  length  does  not  affect  the  value  of  the  bending  moments. 

In  computing  the  shears  and  bending  moments,  the  totals  may  be  computed  for  each  story 
of  the  entire  building  and  these  totals  divided  among  the  girder  connections  and  the  columns 
which  resist  them. 
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Tabulation    of    wind    loads,    and    resulting    bending 
moments.     Wind  from  North  or  South. 
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Tabulation    of    wind    loads,    and    resulting    bending 
moments.     Wind  from  East  or  West. 
405. 


In  addition  to  the  bending  stresses,  there  are  axial  stresses  in  the  horizontal  and  vertical 
members.  The  stresses  in  the  horizontal  members  are  compressive  and  result  from  the  assumed 
distribution  of  the  shear  to  the  successive  columns.  Thus,  at  the  third  floor  level  the  compres- 
sive stresses  in  girders  are: 

Ist  panel,  11/121^'',;  2nd  panel,  ^/\2W't\  3rd  panel,  7/12IF',,  etc. 

The  axial  stresses  in  the  intermediate  columns  are  zero  if  the  panels  are  of  equiU  length, 
and  in  any  case  are  so  small  relative  to  the  gravity  stresses  that  they  can  be  disregarded. 

The  axial  stresses  in  the  outside  columns  can  best  be  determined  by  treating  the  structure 
as  a  unit,  for  overturning,  as  shown  in  Art.  249.  The  resulting  values  of  V  are  stresses  that 
must  be  taken  into  account  in  designing  the  columns. 


Sec.  S-2531  STRUCTURAL  DATA  657 

ninstratioa  of  the  Compatatioii  of  Wind  Bondinc  Moments. — Assume  the  building  illustrated  in  Fig.  404. 
The  exposed  area  is  from  the  ground  level  to  the  top  of  the  parapet  wall.  120  ft.  The  parapet  is  assumed  in  this  case 
to  be  5  ft.  above  the  roof  level  and  gives  a  load  area  at  the  roof  line  equal  to  the  load  area  at  the  tsrpical  floor. 
The  wind  pressure  will  be  taken  at  20  lb.  per  sq.  ft. 

It  is  assumed  that  the  wall  construction  is  strong  enough  to  carry  the  wind  load  to  the  floor  levels  and  that  the 
floor  consiniction  is  capable  of  distributing  the  load  into  the  steel  framing  at  the  points  where  the  resistance  is 
provided.     The  computations  are  tabulated  in  Fig.  406. 

Consider  first  the  wind  from  north  or  south.  The  load  at  the  roof  level  -  11  X  125  X  20  -  27.500  lb.  (Fig. 
405).  Similarly,  the  loads  at  the  successive  floors  are  computed.  The  accumulated  shears  in  the  successive  stories 
beginning  at  the  top  are  27.500,  55.000,  etc. 

The  total  bending  moment  in  the  columns  of  any  story  is  the  shear  in  that  story  multij^ed  by  half  the  story 
height.  Thus,  in  the  tenth  story,  M  -  27.500  X  5M  »  151,250  ft.-lb.;  in  the  ninth  story,  302.500  ft.-lb.  The 
bending  moments  here  given  occiur  at  the  top  and  at  the  bottom  of  the  column  section,  equal  in  amount  and  opposite 
in  direction.  In  the  basement,  the  moment  arm  is  the  story  height,  it  being  assumed  that  the  bate  of  the  column 
is  not  fixed,  to  resist  bending,  but  is  fixed  against  sliding. 

The  total  bending  moment  in  the  roof  girders  is  the  same  as  the  total  in  the  tenth  story  columns,  151,  250  ft.- 
lb.;  in  the  tenth  story  girders  it  is  the  sum  of  the  bending  moments  in  the  tenth-story  and  ninth-story  columns, 
».«.,  453,700  ft.-lb.;  and  so  on  at  the  successive  floor  levels.  These  moments  are  the  totals  to  be  resisted  by  the 
girder  connections  to  the  columns. 

The  next  step  is  to  fix  the  number  and  location  of  the  girder  connections  that  will  be  provided  to  resist  the 
bending  moment.  In  the  north  and  south  direction,  provide  for  wind  bracing  along  the  column  lines  1-36, 17  —  42. 
17—38,  and  19—40,  Fig.  404.  and  make  all  connections  of  equal  strength.  This  gives  32  girder  connections, 
among  which  to  divide  the  total  bending  moment  at  the  successive  floors. 

Considering  next  the  wind  from  the  east  or  the  west,  the  shears  and  moments  are  computed  in  the  same  manner 
as  deeoribed  above  and  are  recorded  in  Fig.  405.  In  the  east  and  west  directions,  wind  bracing  girders  can  be  used 
along  column  lines  1  —  7,  17—10.  and  40  —  42  (or  36  —  38).  at  the  floorlevelsfromthethird  to  the  roof;  and  along 
column  lines  1  —  7  and  36  —  42  at  the  first  and  second  floors.  In  the  upper  floors  (third  to  roof)  in  order  to  use 
the  shortest  route  for  the  stress.  40  %  will  be  taken  along  the  column  lines  1  —  7,  and  60  %  divided  equally  along  the 
ccdunin  lines  17  —  10  and  80  —  42.  Thus,  the  number  of  connections  available  in  the  first  group  is  12,  and  in  the 
second  group  is  8.  On  this  basis,  the  bending  moments  to  be  resisted  by  the  girder  connections  are  computed  and 
tabulated.  At  the  first  and  second  floors  the  bending  moment  may  be  divided  equally  between  the  24  girder  con- 
nections along  the  column  lines  1  —  7  and  46  —  42,  and  are  so  tabulated. 

If  the  interior  construction  permits,  it  is  desirable  to  use  winding  l>racing  along  columns  17  —  10  in  the  first 
and  second  floors.  In  this  case,  the  same  percentage  of  burden  will  be  assigned  to  them  as  inr  the  upper  floors — 
t.«..  30% — and  30%  will  be  carried  along  columns  36—42. 

The  architectural  requirements  may  permit  the  interior  floor  girders  to  be  utilised  as  wind  bracing.  In  such 
cases,  the  distributions  of  the  total  bending  moment  will  be  made  according  to  the  conditions. 

If  the  basement  story  columns  are  embedded  in  masonry  walls  capable  of  developing  the  bending  resistance  in 
the  columns,  the  first  floor  girders  will  be  omitted. 

268.  Combined  Gravity  and  Wind  Bending  Moments  in  Girders. 

26Sa.  Shear. — ^Tbe  vertical  shear  in  a  girder,  resulting  from  the  wind  load,  is 
a  function  of  the  horizontftl  shears  transmitted  by  an  intermediate  column  section  above  and 
below  th  girder,  of  the  story  heights,  and  of  the  panel  lengths.  The  shear  can  be  expressed  by 
the  formula  (fig.  403). 


Shear  = 


2nL 


in  which  a  and  6  are  subscripts  indicating  two  adjacent  stories,  as  the  third  and  fourth,  n  — 
number  of  panels,  and  L  —  panel  length. 

To  the  shear  thus  determined  must  be  added  the  shear  from  the  gravity  load .  The  result- 
ing total  shear  is  small  compared  with  the  bending  stresses  in  the  girder  and  it  is  not  usually 
necessary  to  take  it  into  account  in  designing  the  riveting  of  the  girder  connections.  It  wiU 
appear  in  the  design  of  these  connections  that  certain  rivets  near  the  axis  of  the  girder  get  small 
stresses  from  the  bending  moment.  These  rivets  can  be  assumed,  or  in  extreme  cases,  designed 
to  take  the  shear. 

268&.  Bending  Stresses. — ^The  typical  moment  diagrams  for  bending  moments 
from  wind  loads  and  gravity  loads  are  shown  in  Figs.  406(a)  and  406(6),  respectively.  On  the 
assumption  that  the  end  connections  are  of  equal  strength  and  take  equal  but  opposite  inclina- 
tions, they  will  resist  equal  and  opposite  bending  moments.  With  these  conditions,  the  com- 
bined moment  diagram  will  be  as  shown  in  Fig.  407.  Hence,  both  the  end  connections  of  a 
girder  are  designed  to  resist  the  bending  moments  resulting  from  wind  pressure. 

The  bending  moment  at  the  center  of  the  span  equals  the  'maximum  resulting  from  the 
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gravity  load  only.     The  maxiinuin  bending  moment  occurs  some  diHtance  to  one  aide  of  the 
center  as  shown  ia  the  diagrani  and  muBt  be  computed.     This  moment  does  not  necessarily 
govern  the  design  of  the  girder  section,  because  it  ie  made  up  of  the  gravity  and  the  wind  mo- 
menta, the  latter  being  resisted  at  higher  unit  stresses  than  the 
gravity  moment. 

The  girder  section  will  be  governed  by:  (a)  the  bending 
moment  at  the  center  of  span  from  the  gravity  load  and  designed 
with  normal  unit  stresses;  (6)  the  bending  moment  at  point  of 
maximum,  from  gravity  and  wind  loads,  and  designed  with 
unit  atreaeea  50%  h^her  than 
the  normal  (see  Art.  248);  or 
(e)  the  bending  moment  at 
the  splice  of  the  girder  section 
to  the  gusset  plate,  from  wind 
load,  and  designed  with  unit 
stresses  G0%  higher  than 
normal.  This  case  (c)  will 
occur  only  where  there  is  i 
gravity  load. 

8S4.  Design  of  Wiad-bradng  Girdors  and  Their  Connections  to  Columns. — The  girder 
section  is  designed  in  the  usual  maniier  to  resist  the  maximum  bending  moment.    The  make-up 
of  the  section  may  be  influenced  by  architectural 
conditions,  such  as  vertical  space  available,  char- 
actor  of  masonry  to  be  supported,  etc.     To  illus- 

trate  the  design  of  the  connections,  assume  an 

^^^       [jjr       tfy        l[l|  example  aa  follows  (Rg.  408) :' 

h- 

i^i^^B       .j-^^^  '  1.800,000  in.-lb. ;  the  dapth  o[  gitder  ii  3  ft.  OH  in.    1 

>»  und  an  50  Fc  it 
'«d  tot  anvily  luula. 
mntitiae  Giriir  Ut  CoJumn.— Thfl  rireta  t 
l«  and   coluniD  wcbg  an  field  driven, 
d  OD   the  tsDiioa  nde  of  the  cirdn  Ifi* 


Via.  407.— Manenl  dia«n°> 
com  turned  loKl*.    Muii " 


ooe-hsU  the  maiii 

DDinber  ol  riveta  in  the 

npTMentad  by  t  (or  e);  th< 


e  oguAlly  jpaoed.  th«  jLV«rmcv 
The  total  nwiUne*  of  tha 
one  rivet  multiplied  by  the 


Tia.  408. — Design  of  a  wind  bnring  gird 
'  Taken  Irora  Burt'i  "  Steel  Conttruction 


aliie  ol  a  fj-in.  rivet,  field  driven,  in  tenaion  i 
4400  lb.,  or  MOO  lb.  Severa]  triali  lead  to  Ihp  i 
ita  OD  each  side  of  the  neutral  aiie.  The  value  i 
1^-92.  4001b.  The  moment  atm  a  la  54  in.  an 
ng  moment  of  the  joint  ii  92.400  X  M  or  4,B» 
.  whioh  ia  alighlly  in  eiceea  ol  the  bending  mom« 
mU  Cmiucling  End  Angltt  (s  Ovitti  PlaU. — No* 
the  rinta  connecting  (he  end  anglee  to  the  guaaet  I 
nethod  li  the  aame  a*  that  for  the  ooDoeMioiit  c 


direet  bearing  of  the  ec 


le  ^rder  againat  tbe  colun 
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end  angles  to  the  colvunn,  except  that  the  riveta  are  shop  driven  in  double  shear.  The  required  reeulta  can  easily 
be  obtained  by  oompariaon  with  field-driven  rivets.  With  one  row  of  rivets  there  will  be  one-half  as  many 
(less  one).  One  shop  rivet  in  double  shear  is  good  for  16,840  lb.  This  is  greater  than  the  value  of  two 
rivets  in  tension  (13,200  lb.),  henoe  the  proposed  arrangement  is  satisfactory.  It  gives  greater  strength 
than  is  required. 

The  thickness  of  gusset  plate  required  to  develop  the  full  shearing  value  of  the  rivets  is  ^ He  in.     The  thickness 
required  for  the  actual  stress  is  He  in**  which  will  be  used. 


ffOOO/tt 


.Pi a.  409. 


Fig.  410. 


Bending  Str€a$9a  in  Connecting  AngUi. — No  accurate  determination  can  be  made  of  bending  stresses  in  eon- 
necting  angles,  so  thickness  must  be  adopted  arbitrarily.  If  the  gage  line  of  the  rivets  is  not  more  than  2^  in.  from 
the  back  of  the  angle,  the  tiuokness  should  be  %  in.  In  many  cases  wide  angles  with  large  gage  distance  must  be 
used  in  order  to  match  the  gage  lines  in  the  column.  A  thickness  of  1  in.  seems  to  be  safe  to  a  gage  distance  of 
4  in.     Intermediate  values  may  be  interpolated. 

0u99et  Piatt. — The  slope  of  the  gusset  plate  should  be  about  45  deg.,  but  may  vary  to  suit  conditions,  such  as 
clearance  from  windows,  etc.     Stresses  in  the  gusset  fJate  may  be  imagined  to  act  along  the  dotted  lines  shown  in 
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FiQ.  411. 


FiQ.  412. 


the  figure  (Fig.  408).  On  the  tension  side  of  the  girder,  the  plate  is  in  tension,  and  on  the  compression  side  in 
compression.  The  thickness  of  plate  required  for  rivet  bearing  is  sufficient  to  give  the  necessary  strength  on  the 
tension  side,  but  on  the  compression  side,  stifiener  angles  may  be  required.  These  angles  can  be  designed  accord- 
ing to  rules  similar  to  those  given  for  the  stiffeners  of  plate  girder  webs.  They  should  be  used  when  the  length 
of  the  diagonal  edge  of  the  plate  is  more  than  30  timee  the  thickness.  The  leg  of  the  angle  against  the  plate  should 
be  of  suitable  width  for  one  row  of  rivets,  say  3,  3H,  or  4  in.  The  outstanding  leg  may  vary  from  3  to  6  in.  A 
thickness  of  fi  in.  is  usually  suitable;  it  may  be  made  more  or  less  to  be  consistent  with  size  and  thickness  of  the 
main  members  of  the  girder.     For  the  case  illustrated,  two  3H  X  3M  X  H-in>  angles  will  be  used. 
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The  splice  of  the  guaMt  to  the  girder  should  be  in  accordance  with  the  usual  practice  in  designing  plate  girders, 
the  splice  being  made  to  transmit  the  bending  and  shear  at  this  point. 

In  Fig.  409,  the  web  of  the  girder  connects  directly  to  the  flange  of  the  column.  This  form  of  connection  is 
suitable  for  girders  which  are  deep  in  proportion  to  the  bending  moment  which  they  must  resist.  The  method  of 
designing  the  connection  is  the  same  as  that  explained  (or  Fig.  408,  except  that  the  rivets  are  in  single  shear  instead 
of  tension,  and  that  the  rivets  are  not  evenly  spaced,  hence  the  average  resistance  may  not  be  one-half  tne  max- 
imum. The  value  of  each  rivet  can  be  measured  from  the  diagram  at  m  in  tne  figure.  Having  toe  values  of  the 
several  rivets,  the  center  of  gravity  of  each  group,  t.e.,  the  positions  of  the  resultants  t  and  e  can  be  found  m  the 
usual  way. 

When  the  form  of  connection  shown  in  Fig.  400  is  not  adequate,  a  gusset  plate  can  be  used  connecting  directly 
to  the  flange  of  the  column.     It  involves  no  principles  or  methods  different  from  those  already  explained. 

Bnd  Conneetiona  for  I-btatn  Oirder». — I-beam  connections  for  resisting  bending  are  illustrated  in  Figs.  410, 
411,  and  412. 

The  detail  in  Fig.  410  is  similar  to  the  connection  shown  in  Fig.  400.  It  can  develop  only  a  small  part  of  the 
capacity  of  the  beam. 

The  detail  in  Fig.  411  also  can  develop  only  a  part  of  the  capacity  of  the  beam,  but  it  is  available  for  making 
use  <^  the  floor  girders  in  the  upper  part  of  the  building  for  resisting  wind  stresses.  The  strength  of  this  connection 
is  limited  by  the  bending  resistance  of  the  connecting  angles  or  the  strength  of  the  rivets. 

Bracks  Connection. — -The  connection  in  Fig.  412  can  be  made  to  develop  the  entire  net  bending  resistance  of 
the  beam  (deducting  for  rivet  holes  in  the  flanges).  The  connection  of  the  brackets  to  the  o<rfumn  is  designed  in 
the  same  manner  as  described  for  the  gusset  plate  connection.  The  average  value  of  the  rivets  is  determined  from 
the  diagram  as  at  m.  Fig.  400.  In  the  connection  of  the  brackets  to  the  beam,  all  the  rivets  are  figured  at  the  max- 
imum value.     Their  resisting  moment  is  their  total  shear  value  multiplied  by  the  depth  of  the  beam. 


865.  Effect  of  Wind  Stresses  on  Celunms.^ 

256a.  Combined  Direct  and  Bending  Stresses. — The  bending  moment  on  the 
column  due  to  wind  loads  produces  the  same  sort  of  stresses  as  result  from  the  bending  moment 

due  to  eccentric  loads  or  any  other  cause  producing  .flexure.     The  ex- 
treme fiber  stress  is  computed  from  the  formula 

Mc 

/  "       T 
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c 


i\i\i    M   M\i\ 


v>4 
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This  stress  is  added  to  the  stresses  resulting  from  the  direct  and  eccen- 
tric gravity  loads  on  the  column  to  give  the  maximum  ^er  stress. 

The  combination  of  the  direct  and  the  bending  stress  is  illustrated  in 
Fig.  413.  The  stress  from  the  direct  load  is  represented  by  the  rectangle 
chcd  and  the  unit  stress  by  a6.  The  stress  from  bending  is  represented 
by  the  triangles  Wo  and  cc*o^  the  extreme  fiber  stress  being  61  in  com- 
pression and  cc'  in  tension.  Then  the  maximum  fiber  stress  is  on  the 
compression  side  and  is  a6  +  W.  Thus,  W  represents  the  increase  in 
stress  due  to  the  wind  load.  If,  as  is  usually  the  case,  W  amounts  to 
less  than  half  6b ^  the  column  section  required  for  the  direct  load  need 
not  be  increased  on  account  of  the  wind  stress,  because  of  the  increased 
units  allowed  for  combined  stress.  But  if  W  exceeds  one-half  of  ab  the 
combined  stress  will  govern  the  design  using  the  increased  unit  stress. 

On  the  tension  side  of  the  column,  the  wind  stress  will  very  rarely  be 
great  enough  to  overcome  the  direct  compression.  And  if  there  should 
be  a  reversal  of  stress,  there  cannot  be  tension  enough  to  require  any 
addition  to  the  section.  It  frequently  occurs  that  the  wind  bracing 
girder  connects  to  the  column  in  such  a  position  that  one  side  of  the  column  must  resist  prac- 
tically all  the  wind  stress.  With  these  conditions,  only  one-half  the  column  section  should  be 
used  in  computing  the  resulting  extreme  fiber  stress. 

2556.  Design  of  Column  for  Combined  Stresses. — The  procedure  in  designing 
the  column  section,  when  the  combined  wind  and  gravity  loads  govern,  is  the  same  as  for  columns 
with  eccentric  loads.     The  equivalent  concentric  load  is  given  by  the  formula 

W   -  ^'^ 
r* 

1  From  Burt's  "Steel  Construction,"  published  by  American  Technical  Society,  Chicago. 
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Fig.  413. 
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Aa  applied  to  wind  load  (refer  to  Fig.  414),  If",  is  the  equivalent  concentric  load,  i.  e.,  the  direct 
load  that  would  produce  the  aame  unit  stress;  W  is  the  horiiontal  shear  which  is  assumed  to  be 
carried  by  the  column  under  consideration  atid  is  assumed  to  be  applied  at  the  point  of  con- 
bnflexure  oF  the  column;  e  is  the  moment  arm  expressed  in  inches,  hence  We  is  the  bonding 
moment  in  inch-pouads  at  the  section  under  uonsideration;  c  is  the  distance  from  the  neutral 
aids  of  the  column  to  the  extreme  fiber  on  the  compression  side;  r  is  the  radius  of  gyration 
of  the  column  in  the  direction  under  consideration.  The  critical  section  of  the  column  is  at 
the  top  of  the  bracket,  as  the  bracket  has  the  eSect  of  eolargiDg  the  column  section,  so  the 
distance  e  is  measured  to  that  point. 

ToiHiutraCa  tha  lue  of  ths  formula,  uaunu  ths  foUowiiur  dnU.:  dlmt  or  mvity  load  on  column  u  480,0001b: 
ir'ul3,0001b.;iu30ui.:cii7m.:>nclris3.Sia.     Thea 

^,^  _  (13,000)  (30)  (7i  __  ^g_^  1^ 

Aa  this  u  le«a  than  halt  the  amvity  load,  no  additional  geolioa  ia  rgquirsd  on  aooount  of  tha  wtnd  loads,     Thia  will 

256.  Masonry  Buildings. — Brick  buildings  with  fireproof  floors  or  even  with  wood  floors 
do  not  ordinarily  require  wind  bracing.  The  floors,  acting  as  horizontal  girders,  will  carry 
the  loads  to  the  end  walls  which  will  transmit  them  to  the  foundations.  Nevertheless,  the 
wind  loads  on  such  cases  should  be  figured  to  determine  whether  any  strengthening  ia  required 
at  special  points. 

m.  Wood  Frame  Buildings. — Ordinary  wood  frame  dwellings  and  similar  buildings  are 
sufficiently  braced  by  the  sheathing  and  plastering  of  the  walls  and  by  the  partitions.     How- 
ever, if  the  building  is  unusually  large  or 
subject   to   unusual   exposure,    the   case 
should  be  studied,  and  bracing  added  if 
any  doubt  exists.      Diagonal  members 

can  be  introduced  into  the  walls  and  par-  ^ 

titions,  particularly  at  the  corners.  If 
such  buildings  are  high  compared  with 
their  width,  the  overturning  resistance 
should  be  investigated. 

Large  frame  structures,  such  as  tem- 
porary auditoriums,  should  he  provided 
with  a  definite  system  of  wind  bracing 
des^ned  in  accordance  with  the  methods 
described  for  mill  buildings,  or  the  prin- 
ciples previously  described. 

8B8.  HIU  Buildings.— A  type  of 
building  much  used  for  stor^e  and 
manufacturing  purposes  ia  a  one-story 
structure  of  steel  frame  construction  with 

one  or  more  wide  aisles,  spanned  by  roof  trusses.  The  weight  of  the  structure  is  usually  small 
compared  with  wind  pressure.     The  bracing  of  such  a  building  is  illustrated  in  Pig.  415. 

If  the  sides  are  covered  by  corrugated  steel  or  other  Mght  sheathing,  the  covering  will  be 
attached  to  horizontal  girts  extending  from  column  to  column.  They  will  be  designed  as 
simple  beams  to  rcsitit  the  wind  pressure. 

SS8a,  Wind  Pressure  on  the  End  of  the  Building. — The  intermediate  end  posts 
extend  from  the  ground  level  to  the  underside  of  the  truss  in  the  case  illustrated,  but  may  ex- 
tend to  the  roof,  the  end  truss  being  omitted.  These  posts  are  designed  as  beams  to  resist  the 
wind  loads  carried  to  them  by  the  girts. 

The  reactions  at  the  tops  of  the  posts  and  wind  load  on  the  lower  half  area  of  the  gable  are 
earned  into  the  horizontal  truss,  whose  chords  are  the  bottom  chords  of  the  roof  trusses  and 
whoM  web  members  are  as  shown  in  the  bottom  chord  plan.  This  truss  delivers  its  load  into 
the  eaves  strut  which  may  be  a  combination  of  roof  purlin,  girt,  and  strut. 
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Half  Plan  of  Roof 


The  wind  pressure  on  the  top  half  area  of  the  gable  is  carried  in  the  truss  in  the  roof  plane. 
This  truss  is  made  up  of  the  top  chords  of  the  roof  trusses  and  the  web  members  between.     The 

purlins  suitably  stiffened  to  resist  compre- 
sion.     This  truss  also  delivers  its  load  to  the 
eaves  strut. 

From  the  eaves  strut  the  load  is  carried 
to  the  foundation  by  the  diagonals  shown  in 
the  end  panels  of  the  side  elevation. 

Some  of  the  diaconal  memben  shown  are  redundant, 
but  are  useful  in  pre  venting  vibration  and  for  bracing 
during  erection.  The  members  shown  in  the  unbraced 
panels  of  the  bottom  chord  of  the  roof  tnisses  serve  to 
hold  the  bottom  chords  in  line  and  prevent  buckling 

should  the  wind  pres- 
sure on  the  sides  pro- 
duce reversal  of  stress 
in  the  bottom  chord. 
The  diagonal  members 
may  be  either  adjiist- 
able  rods,  or  structural 
shapes,  the  latter  be- 
ing generally  preferred. 
The  arrangement- 
of  the  bracing  may  be 
varied  from  that  shown 
to  suit  conditions. 
The  important  con- 
sideration is  to  provide  a  continuous  path  fot  the  stress  from  the  point  of  application  of  the  load  to  the  fotindations. 

2686.  Wind  Pressure  on  the  Side  of  the  Building. — For  resisting  the  wind  pres- 
sure on  the  side  of  the  building,  each  bent  is  treated  as  a  separate  self-supporting  unit.  For 
method  of  determining  the  resulting  stresses,  see  chapter  on  "Detailed  Design  of  a  Truss  with 
Knee-Braces." 


S/hntA  ^jg^'jo^a' 


Side  Elevation 
FiQ.  415. — Bracing  for  typical  mill  building. 
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BALCONIES 
By  H.  J.  Burt 


The  essential  structural  feature  of  a  balcony  is  a  cantilever  beam  or  a  bracket. 

259.  Cantilevers. — Fig.  416  shows  a  beam  resting  on  the 


supports  A  and  B.      The  overhanging  end  forms  a  cantilever 


for  carrj'ing  the  balcony  load.  The  maximum  bending  mom-  ^-T 
ent  of  the  cantilever  is  at  the  support  B,  likewise  the  maximum  § 
shear.  The  bending  moments  and  shears  must  be  computed 
also  for  the  portion  of  the  beam  between  A  and  B,  After 
computing  the  bending  moments  and  shears,  the  beam  section 
can  be  designed  in  the  usual  manner.  The  moments  and 
shears  are  diagrammed  in  Fig.  416. 

For  a  steel  or  wood  beam  of  uniform  cross  section,  the 
bending  moments  at  O  (Fig.  416)  will  govern.  For  a  concrete 
beam  or  slab  the  reinforcement  is  arranged  to  correspond 
with  the  bending  moments  throughout  the  length  of  the  beam. 

The  span,  the  overhang,  and  the  conditions  of  loading 
may  be  such  that  the  maximum  bending  moment  occurs  at  B. 
There  may  be  no  negative  bending  moment  between  A  and  B, 
in  which  case  there  will  be  an  uplift  at  A. 


Bending  Monioirf' 
Diogmm 


FiQ.  416. — Stresses  in  a  canti- 
lever beam. 
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In  case  it  is  necessary  to  have  a  cantilever  steel  beam  flush  on  top  with  the  girder,  as  shown 
in  Fig.  417,  the  cantilever  must  be  spliced  to  transmit  the  bending  moment.  The  top  flange 
being  in  tension  is  spliced  with  a  strap  designed  to  transmit  the  top  flange  stress.  The  bottom 
flange  being  in  compression,  maybe  spliced  by  two  angles  or  bent  plates  as  shown,  which  will 
also  transmit  the  shear  into  the  girder. 


FxG.  417. — Splice  in  cantilever  beam  (steel). 


Fia.  418. — Concrete  cantilever,  monolithic  with  supporting  girder. 

A  wood  cantilever  can  be  spliced  in  the  same  manner,  but  such  a  detail  is  not  satisfactory. 

In  the  similar  case  with  concrete  construction,  the  girder  and  cantilever  are  cast  mono- 
lithic, the  rods  of  the  cantilever  running  through  the  girder  (Fig.  418). 

If  the  projection  of  the  balcony  is  large,  a  cantilever  truss  is  required.    This  condition 
occurs   in   theatres.     The   governing  lines 
usually  allow  ample  depth  for  an  economi- 
cal truss.     Fig  .419  is  a  diagram  of  a  truss 
for  this  purpose. 

260.  Brackets. — A  projecting  member 
whose  moment  is  balanced  by  being  con- 
nected to  some  rigid  member  as  a  column  or 
a  wall,  is  here  designated  as  a  bracket,  in 
contra-distinction  to  the  cantilever  beam 
previously  described  where  the  moment  of 
the  projecting  arm  is  balanced  by  the 
portion  of  the  beam  between  the  supports  A 
and  B  (Fig.  416). 

Fig.  420  illustrates  three  types  of 
brackets:  (a)  is  a  beam  section  rigidly  a1^ 
tached  to  the  supporting  member,  (6)  is  a 
triangular  bracket  whose  members  are  sub- 
ject to  axial  stress,  and  (c)  is  a  truss.     The 


FzQ.  419. — Cantilever  truss  for  a  theatre. 


Fio.  420. — Three  types-of  brackets. 


bending  moments  and  shears  for  various  conditions  of  loading  are  the  same  as  for  cantilever 
beams.  These  moments  and  shears  govern  the  connections  of  the  brackets  to  the  columns 
or  other  supporting  members.  The  connection  to  the  supporting  member  is  of  vital  importance 
for  type  (a),  as  the  small  depth  of  the  bracket  makes  it  more  difl5cult  to  design  the  necessary 
bending  resistance  for  this  type,  than  for  types  (6)  and  (c). 
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Fig.  421  shows  the  connection  of  an  I-beam  bracket  to  the  face  of  a  column  by  means  of 
top  and  bottom  connecting  angles.  The  bending  moments  of  the  bracket  load  must  be  bal- 
anced by  the  resisting  couple  of  the  rivets  through  the  flanges  of  the  beam  acting  in  shear.  It 
must  also  be  balanced  by  the  resisting  couple  of  the  rivets  connecting  the  angles  to  the  face  of 

the  column,  the  rivets  in  the  top  angle  being  in  tension,  and 
an  equal  compressive  value  being  taken  at  the  rivets  in  the 
bottom  angle.  These  latter  rivets  are  not  actually  stressed 
from  the  bending  moment,  but  should  be  designed  to  carry 
the  direct  shear  from  the  load  on  the  bracket.  The  depth 
of  beam  used  will  generally  be  such  as  will  give  sufficient 
moment  arm  for  the  resisting  couples.  Its  section  will  be 
greater  than  is  required  for  the  bending  moment  of  the 
bracket,  as  it  is  not  practicable  to  devise  a  connection 
that  will  develop  the  full  bending  resistance  of  the  beam. 

In  Fig.  422  a  channel  bracket  is  riveted  to  the  face  of 
the  column.  The  resisting  moment  of  the  rivets  should  be 
computed  as  a  polar  moment  about  the  point  p,  the  rivets 
having  the  longest  radius  being  taken  at  their  maximum 
shear  value  and  the  others  proportionately  less.  The  por- 
tion of  shear  value  of  the  inner  rivets  not  effective  in  computing  the  resisting  moment  can  be 
utilized  in  resisting  the  direct  shear  of  the  bracket  load. 

The  foregoing  principles  will  apply  in  detailing  other  formsof  connections  of  steel  beams  and 
channels  to  columns  (see  Figs.  423A  and  423B), 
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Fio.  421. — Connection  of  I-beam 
bracket  to  face  of  column. 


a 


FiQ.  422. — Channel  bracket  riveted 
V     to  face  of  column. 


Fig.  423A. — Channel  bracket  con- 
nected to  face  of  column. 


Fig.  423B. — I-beam  bracket  on 
side  of  column. 


Wood  beams  are  not^  well  etiited  for  use  as  brackets,  but  where  employed  the  connections  are  detailed  in  a  simi- 
lar manner. 

Concrete  beams  used  as  brackets  are  cast  integrally  with  the  columns.     These  can  advantageously  be  made  of 
variable  cross  section  in  order  to  easily  develop  the  necessary  shearing  and  bending  resistance  at  the  connection  to 
the  column,  and  to  meet  architectural  requirements.     Fig.  424  illustrates  a  concrete  bracket.     Being  cast  integral 
with  the  column,  the  entire  strength  of  the  section  adjacent  to  the  column  is 
available  and  is  designed  in  the  same  manner  as  a  concrete  beam. 

The  triangular  bracket,  type  (6)  Fig.  420,  gives  a  greater  effective  depth 
than  the  beam  bracket  and  correspondingly  lew  stress  on  the  connections.  In 
Fig.  425  assume  the  load  applied  at  the  end  of  the  bracket.  The  resisting 
couple  is  formed  by  T  and  C,  and  the  vertical  shear  at  the  column  connection  is 
V.  The  stresses  in  the  members  m  and  n  are  determined  by  the  stress  diagram, 
and  are  axial  stresses.  From  the  stresses  and  reactions,  the  members  m  and  n, 
and  the  connections,  are  designed  in  the  usual  manner.  The  case  illustrated 
is  steel  construction. 

The  load  may  be  so  applied  that  the  top  chord  is  subjected  to  bending  as  well 
as  direct  stress,  and  it  must  be  so  designed.  In  this  case  there  will  be  vertical 
shear  to  be  resbted  at  both  the  upper  and  lower  connections  (Fig.  426). 

The  triangular  bracket  can  be  made  of  wood  using  details  similar  to  those  used  in  wood  trusses.     The  connec- 
tions at  T  and  at  the  outer  end  of  the  bracket  require  careful  attention. 

Concrete  may  be  used  for  triangular  brackets,  but  there  is  little  need  to  do  so  as  its  advantages  can  be  aecured 
in  the  beam  type  previously  described. 


Fig.  424. — Concrete  bracket. 
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The  truased  bracket  is  a  development  of  the  triangular  bracket.  A  streea  diagram  is  required  to  determine 
the  stresses  in  the  truss  members.     The  members  and  connections  can  then  be  designed. 

This  type  is  especially  adapted  to  steel  construction.  It  can  be  built  of  wood  or  concrete  if  the  conditions 
warrant. 


Fko.  420.— IViangular  bracket  stresses  from  end  load. 


Fia.  426, — Triangular  bracket  stresses  from 
distributed  load. 


Fio.  427. — Bracket  on  side  of  plate  girder. 


Pia.  428. — ^Floor  framing  of  balcony. 


Fio.  429. — Floor  framing  of 
balcony. 
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Fia.  430. — Framing  for  curved 
balcony. 


Fio.  431. — Approximate  computa 
tion  for  curved  balcony. 


260a.  Effect  on  Coltimn. — A  bracket  attached  to  a  column  produces  a  bending 
moment  in  the  cohimn  equal  to  the  bending  moment  of  the  bracket  loads.  The  column  section 
must  be  designed  accordingly  by  the  methods  given  in  the  chapters  on  "Bending  and  Direct 
Stress"  in  Sect.  1.  It  may  be  counteracted  by  a  beam  or  girder  connection  on  the  opposite 
aide  of  the  column,  so  designed  as  to  resist  the  moment  of  the  bracket. 
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260&.  Effect  of  a  Bracket  on  the  Side  of  a  Girder. — It  is  sometimee  necessary 
to  attach  a  bracket  to  the  side  of  a  plate  girder  (Fig.  427).  This  produces  a  torsional  moment 
in  the  section  of  the  girder.  While  the  girder  may  have  ample  strength  to  resist  the  torsional 
stresses,  it  may,  nevertheless,  deflect  laterally  beyond  permissible  limits.  It  is  therefore,  de- 
sirable to  provide  a  more  direct  resistance.  This  can  be  accomplished  by  anchorage  into  the 
floor  construction,  by  suitable  connections  of  joists,  oi  by  beams  or  brackets  extending  back  to 
an  anchorage.  Either  of  these  devices  acting  with  the  bracket,  produces  the  equivalent  of  a 
cantilever  beam  giving  a  vertical  reaction  only  at  the  supporting  girder. 
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Fio.  432. — Balcony  framing  plan. 

261.  Floor  Framing  of  Balcony. — The  cantilevers  or  brackets  serve  as  the  main  supporting 
members  of  a  balcony.  They  may  be  close  enough  together  to  serve  a£  the  joists,  the  floor 
construction  spanning  from  one  to  another  (Fig.  428).  This  is  usually  the  condition  when  can- 
tilever beams  are  used.  In  other  cases,  the  brackets  may  be  equivalent  to  girders,  and  joists 
be  required  to  support  the  floor  (Fig.  429).  The  outer  joist  or  the  ends  of  the  bracket  may  have 
to  support  some  special  load,  such  as  a  railing. 

The  floor  framing  preeenta  no  problems  essentially  different  from  those  discimed  under  the  subject  of  floors. 
The  materials  of  construction  of  the  cantilevers,  brackets,  and  floors  of  balconies  will  usually  be  goremed  by 
the  materials  of  the  main  structure. 

262.  Curved  Balconies. — Fig.  430  illustrates  a  curved  balcony.  The  upper  panel  is  shown 
having  cantilever  beams  for  the  supporting  members.  This  form  is  preferable  for  irregular 
siiaped  balconies. 
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Fio.  433. — Cantilever  tnisses. 
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If  the  conditions  preclude  the  use  of  cantilevers,  the 
curved  member  must  serve  as  a  support,  as  shown  in  the 
lower  panel  of  Fig.  430.  An  accurate  determination  of 
the  stresses  in  the  curved  member  is  not  practicable  but 
a  safe  approximation  is  as  follows: 

In  Fig.  431,  let  m  be  the  curved  member,  n  and  p  the  sides  of  a 
rectangular  balcony  circumscribing  the  curved  balcony.  Then  n 
represents  the  bracket  of  a  rectangular  balcony.  Determine  the  total 
load  on  the  curved  balcony  and  from  this  load  compute  the  connec- 
tions required  as  if  supported  by  brackets  n.  Use  these  connections 
for  the  curved  beam.  Make  the  section  of  the  curved  beam  not 
less  than  would  be  reqtured  for  the  member  p  of  a  rectangular  bal- 
cony. Anchor  the  curved  beam  to  the  floor  construction  of  the 
balcony  so  that  the  top  and  bottom  flanges  cannot  buckle  laterally. 
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FiQ.  436. 


rroms  U 
Fio.  434.— Cross  frames  between  cantilevers. 


263.  Theatre  Balcony  Framing. — Reference  has  been 
made  to  the  form  of  cantilever  truss  used  for  theatre 
balconies.  A  typical  truss  is  shown  in  Fig.  419.  In 
Fig.  432  is  shown  the  framing  plan  of  a  theatre  balcony. 

The  cantilever  trusses  X,  y,-and  Z  are  set  radially. 
They  are  braced  for  lateral  stiffness  by  the  cross  frames 
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R,  S,  T,  and  V.     The  outlines  and  members  of  the  cantilever  truBses  and  the  cross  frames  are 
shown  in  Figs  433  and  434 
The  shape  of  the  top  chord  of  the  trues  is  governed  by  the  slope  of  the  bank  of  seats  and 


the  floor  level  back  of  the  seats.  At  the  front  is  a  shallow  projecting  member  to  support  the 
aisle  along  the  balcony  rail.  The  construction  at  this  place  must  be  as  thin  as  it  can  be  made, 
because  of  sight  lince  for  the  seats  below  the  balcony.     The  shape  of  the  bottom  chord  is  con- 
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trolled  by  the  lower  sight  lines  and  clearance  for  passages  and  stairways, 
necessary  to  provide  a  passage  through  one  or  more  of  the  trusses. 

Fig.  435  shows  the  consrruction  of  the  floor  or  banks  of  the  balcony. 


It  is  sometimes 


A  bftlcony  buOt  of  reinforced  concrete  it  shown  in  Figs.  436  and  437.  The  cantilevers  in  this  case  are  sup- 
ported by  a  steel  sirder  which  spans  the  entire  width  of  the  theatre.  At  the  rear  is  a  passageway  through  the  can- 
tilever; in  front  of  this  is  an  opening  which  serves  to  reduce  the  weight,  and  which  may  be  used  as  a  passage  for  air 
duets  of  the  ventilating  system.  The  drawings  show  the  conditions  of  the  problem  with  sufficient  deamess  so  that 
no  detailed  explanation  is  required. 


LOIf  G  SPAN  CONSTRUCTION  FOR  OBTAINING  LARGE  UNOBSTRUCTED 

FLOOR  AREAS 

By  H.  J.  Burt 

For  certain  purposes  it  is  necessary  to  have  large  clear  floor  areas  free  from  columns. 
Such  spaces  are  required  for  ball  rooms,  dining  rooms,  lobbies,  auditoriums,  and  various  special 
situations. 

If  the  clear  space  is  on  the  top  floor  of  the  building  with  only  the  roof  to  be  supported  over  it, 
trusses  or  arche-s  can  be  used.  This  case  docs  not  come  into  the  purview  of  this  chapter.  The 
cases  to  be  considered  here  are  those  in  which  the  dear  area  is  in  the  lower  part  of  the  building 
so  that  large  weights  must  be  supported  overhead. 


Fxa.  438. — Clear  space  with  column  omitted  full 
height  of  building. 


Fig.  439. — Clear  space  with  girder  over 


864.  The  General  Problem. — The  predominant  condition  is  the  support  of  very  heavy 
loads.  Every  case  is  a  special  one,  so  there  can  be  no  approach  to  standarization.  The  depth, 
span,  and  load  conditions  are  such  that  the  shearing  stresses,  deflections,  secondary  stresses, 
and  details  of  construction  may  require  special  attention. 

265.  Examples. — A  simple  case  is  the  omission  of  an  intermediate  column  in  a  lower  story. 
There  are  two  solutions  of  this  case  shown  in  Figs.  438  and  439. 

The  scheme  shown  in  Fig.  438  requires  long-span  shallow  girders  with  relativdy  light  loads.  The  depth  of 
these  girders  will  be  greater  than  the  short  span  girders  of  Fig.  439  and  may  encroach  unduly  on  the  headroom  of 
the  trpioal  stories.  It  will  be  used  where  there  is  su£Scient  headroom  and  where  there  is  not  sufficient  depth  |or 
tiivkeavy  girder  required  in  the  scheme  shown  in  Fig.  439.     Deflection  may  be  an  important  consideration. 
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Elg.  440  g;ives  the  details  of  a  girder  supporting  an  offset  solumn  and  Fig.  441  is  adiagrsin 
showing  the  position  of  the  column  above  and  the  supporting  uolumnB  below. 


tha  bauliic  plats 


Fia.  441.— Put  plan  toiuth  Baor  rramini  gbonrlBC  position  of  oSaet  column,  Fort  Dearborn  Hola],  Chleaco.  III. 
and  atiSeaari  of  the  aupportcl  ccdumn,  the  atiflenera  at  tbe  loaded  point  deaiioed  to  carry  the  load  into  the  tirder 


Figs.  442,  443,444'  illustrate  a  special  situation  which  occurs  in   hotel  buildings.     The 
typical  floor  layout  governs  the  placing  of  the  colulniw  in  the  upper  etoriea — i.e.,  they  must 
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be  on  one  or  both  sides  of  the  corridor.  In  the  lower  stories  in  this  case,  two  cohimns 
are  not  permissible  and  the  single  column  which  is  permitted  must  be  under  the  center  of  the 
corridor  of  the  upper  stories.  Hence,  there  must  be  an  offset  at  the  second  floor  level.  Two 
considerations  lead  to  the  use  of  twin  columns  above:  (1)  the  resulting  symmetry,  shorter 
span,  and  lighter  floor  construction  of  the  upper  floors;  and  (2)  the  smaller  shear  in  the  girder 
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Fig.  442. — Part  sectional  elevation  showing  twin 
c<dumn8  above  and  single  columns  below. 
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Fig.  443. — Part  second  floor  framing  plan  showing 
position  of  offset  columns. 


carrying  the  offset.  This  latter  item  is  quite  important  in  this  case  as  the  headroom  allowed  is 
very  limited.  Even  with  the  twin  columns  it  was  necessary  in  the  design  shown  to  use  the  con- 
crete casing  of  the  steel  girder  to  assist  in  carrying  the  load  (Fig.  444).  In  cases  of  this  kind,  if 
either  of  columns  A  oi  B  (Fig.  442)  can  be  extended  through  the  lower  stories,  it  will  be  better 


Girder  0-5 
Fig.  444. — Detail  of  girders  supporting  offset  columns. 


to  use  only  the  one  row  of  columns  and  avoid  the  girder  at  the  second  floor.  The  girder  is 
usually  more  expensive  and  objectionable  than  the  unsymmetrical  construction  above  (Fig. 
445  is  an  illustration  of  this  arrangement).  If  both  A  and  B  can  be  extended  through  the  lower 
stories,  it  is  advantageous  to  do  so  and  avoid  the  girders. 
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The  utuatioii  at  the  comers  of  the  |)uildiiig  ia  Uluetrated  in  Fig.  446.  Columns  A  and  B  are  supported  on  the 
girder  shown  in  section  V-V.  The  loads  of  the  upper  columns  are  nearly  balanced  over  the  lower  column,  but  the 
girder  extends  to  the  comer  column  which  takes  whatever  reaction  is  required  to  balance  the  IocmIs. 


.\.    /r-f  ^^^^f^' 


Fxo.  446. — Showing  method  of  avoiding  offset  columns  and 
resulting  heavy  Orders  by  using  unequal  panel  lengths. 


S«:t«onVV 
Fig.  446. — Offset  columns  at  comer  of  building. 


LaSa/lB  Shmf 
Fio.  447.— La  Salle  Hotel,  Chicago.  111. 


The  Hotel  LaSalle,  Chicago,  111.,  presents  a  number  of  examples  of  clear  space  requirements. 


Fig.  447  is  a  plan  of  the  first  floor,  which  shows  a  Lobby  about  61  X  74  ft.,  a  Dining  Room  about  51  X  80  ft., 
and  a  Buffet  about  33  X  60  ft.     Over  the  Buffet  is  a  room  on  the  messanine  floor  having  the  same  dimensions. 
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The  Lobby  \m  under  the  lisbt  court  of  the  building  so  that  the  framing  over  it  oarriee  only  the  roof,  but  the 
conditions  are  such  that  ordinary  roof  trusses  could  not  be  used.  The  framing  used  is  shown  on  Fig.  448.  There 
are  eight  brackets  projecting  from  the  side  columns.  These  brackets  support  a  rectangle  of  plate  girders,  which  in 
turn  carry  the  minor  framing  members. 

The  Dining  Room  is  so  proportioned  that  it  requiret  the  full  height  of  the  first  and  messanine  stories,  so  that 
no  space  is  available  below  the  second  floor  tot  the  girdezs.  Yery  heavy  girders  are  required  to  support  the  18 
floors  above.  The  entire  depth  of  the  second  story  is  used  for  these  girders.  In  this  way  an  overall  depth  of  about 
14  ft.  is  availaUe  for  the  girders  having  50-ft.  span.  In  order  to  obstruct  the  second  floor  span  as  little  as  possible 
and  to  make  the  span  between  girders  available  for  use,  an  opening  is  provided  through  each  girder  for  the  corridor 
There  are  three  of  these  girders  spanning  between  columns  1-2,  3-4,  and  5-6  (Fig.  448).  Each  supports  two  main 
building  columns  as  weU  as  the  direct  loads  from  the  second  and  third  floors.  The  positions  of  these  girders  are 
shown  on  Fig.  448  and  the  design  on  Fig.  449(e). 


Fia.  448. — Second  floor  plan.  La  Salle  Hotel,  Chicago.  111. 


The  floor  over  the  Buffet  is  supported  by  plate  girders  spanning  between  columns  7-9  and  10-12  at  the  messa- 
nine floor  level.  As  there  is  a  corresponding  clear  space  on  the  messanine  floor,  these  girders  carry  only  the  messa- 
nine floor  load. 

Over  the  clear  space  of  the  messanine  story,  columns  8  and  11  have  to  be  supported  (Fig.  448).  Column  8 
is  carried  by  a  pair  of  plate  girders  (Fig.  4496)  extending  below  the  second  floor,  but  not  above  it,  no  obstruction 
above  the  floor  being  permissible  at  this  place.  Column  11  is  carried  by  a  tniss  whose  depth  is  that  of  the  second 
story.     It  is  arrange  so  that  two  doorways  can  be  cut  through  (Fig.  449a). 

The  Grand  Banquet  Hall  of  the  hotel  is  on  the  top  floor  and  has  only  a  roof  over.  Fig.  450  shows  the  spedal 
arched  truss  designed  for  this  purpose. 

The  University  Club  of  Chicago  offers  several  illustrations  of  large  clear  spaces.     In  this 
building  they  are  arranged  one  above  the  other  as  far  as  practicable.     This  arrangement  was 
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made  in  order  to  have  the  best  rooms  fuce  on  Michigan  Avenue,  but  it  serveB  to  reduce  the  cob- 
centration  of  loads  th&t  must  be  supported  by  iodividual  girders'.  The  frontispiece  shows  the 
building  in  question.  The  architectural  treatment  marks  the  location  of  the  Main  Dining 
Hall  on  the  ninth  floor  and  the  Lounge  on  the  second  floor. 

Id  UiebuemuitiaBiwJniniiiispaol  (or  whicb  ■  d«r  apwi*  30  X  SSIt.  ii  provided.     A  aiDiiUr  ipkM  in  thefint 
■Ury  it  clear  of  coJumna  so  Uikt  tbe  6nrt  and  BBCond  Soon  an  each  earrnd  by  doubia  I-b*«m  guden  (| 
■pproiimataly  30  f  L 

On  the  aecond  floor  ia  tbe  Lauufc.  approiiiuately  «6  X  SS  ft.  Thii  itory  ia  26  ft.  hich,  eDoiuh  to  allow  i 
for  (itden.  Tbe  acrantement  of  tbe  fiainiiia  OTer  thia  room  i*  ihown  in  Fi«.  451.  Two  double  plate  lirden 
oo*  tnu*  an  iwad.  Tbe  tniaa  eitendi  into  tbe  tUrd  atari'  wid  faM  to  provide  an  opeuio(  for  tbe  conidor, 
UMd  beoauaa  of  tbe  cteatci  load  wtilch  cornea  on  it. 


(c)  Girders  G|  over  Dmmq  Itoorn 

Fia.  MO.— Details  o[  eirden.  La  Ball*  Hotel. 


Billiard  Room  on  tbe  aeveDtfa  Boor.     Adjoinlni;  it  ia  a  Cafe.     Both  of  theae  room* 

in  30  ft.  wide  and  ai  the  loai 

over  theae  rooms  ia  only  one  floor,  pain  of  I-beama  aerve  u  girden  for  tbia  apacs 

Pit.  «SZ}. 

The  Library  ia  located  on 

,he  eighth  Boor,  acros.  the  end  of  the  building,  occupying  about  30  X  66  ft.  (Fig. 

led  on  the  eame  floor  between  column,  5-0-3-2,  .od  College  Hall  i.  on  the  tame  floor 

Ktween  columne  4-5-2-1.     All 

re  plate  girders  and  othe™  double  I-beame. 

The  .Main  Dining  HaU  oc 

la  45  (t.  fl  in.,  which  allow,  .p. 

ce  above  Ihe  ceiling  (or  tbe  girdeni.     The  fmming  over  this  room  i«  shown  in  R«. 

454.     The  IoxIb  above  aie  our 

floor  snd  roof  snd  some  walls.     Tbe  arrangement  of  tbfae  lo<uls  is  sucb«s  to  malM 

Sec.  8-2a5] 
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Fia.  45a— Trusses  for  roof  over  Grand  Banquet  Hall,  La  Salle  Hotd. 


•1 /v\.-. 


Girders-" 


.yx -^_"1— 


Pio,  451. — Part  third  floor  framing  plan, 
University  Club  of  Chicago. 


Fia.  452. — Part  eighth  floor  framing  plan, 
Univeruty  Club  of  Chicago. 
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The  foregoing  illustrations  and  discussions  show  that  large  clear  spaces  can  be  provided 
where  needed,  but  the  designer  should  bear  in  mind  that  the  special  construction  involved  may 
be  very  expensive.  Whenever  practicable,  these  large  spaces  should  be  planned  on  the  top 
floor  or  under  light  courts  so  that  the  loads  to  be  carried  on  the  long  spans  will  be  relatively 
small. 


i 


Pio.  468.— Ninth  floor  framing  plan,  Uniycnity 
Club  of  Chicago. 


Fio.  454. — Racquet  court  floor  framing,  Unhruaity 

Club  of  Chicago. 


SWIMMING  POOLS 
By  Arthur  Peabodtt 

Swimming  pools,  which  formerly  were  found  only  in  gymnasiums,  have  become  a  common 
feature  of  club  houses  and  the  Y.  M.  C.  A.,  schools,  and  civic  centers. 

266.  Location  of  Pools.— The  swimming  pool  should  be  in  a  well  lighted  and  ventilated 
room.  Where  possible,  direct  sunlight  should  be  secured.  The  greater  number  of  existing  pools 
are  located  in  the  basement  of  buildings,  evidently  because  of  the  expense  involved  in  support- 
ing the  great  weight  of  the  water  anywhere  else.     In  cities,  however,  there  are  advantages  in 
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placing  the  pool  in  ao  upper  etofy  where  light  and  air  may  be  secured.  This  leaves  the  basement 
free  for  tbe  power  plant  and  other  necessary  equipmenta.  In  a  few  instances,  pools  are  con- 
structed in  separate  buildings  under  a  glass  roof  which  is,  of  course,  the  ideal  arrangement. 

287.  Dimensions. — 'llie  minimum  dimensions  of  a  swimming  pool,  as  prescribed  by  the 
Intercollegiate  Rules  for  athletic  contests  are:  width  20  ft.,  length  60  ft.  These  have  been 
adoptedasstandardfor  Y.  M.  C.  A. 
buildings.  Pools  should  i 
in  multiples  of  5  ft.  of  width  and 
15  ft.  of  length.  Typical  pools 
therefore  are: 


20  X  60  ft. 

20  X  75  ft. 

25  X  60  ft. 

25  X  75  ft. 

30  X  60  ft. 

30  X  75  ft. 

A  few  pools  are  100  ft.  long.    The 

depth  of  the  wat«r  acording  to  the 

same  rules  shall  be  not  less  than  3 

ft.  at  the  shallow  end  and  7  ft.  at 

the  deep  end.     The  majority  of 

pools  have  7H  ft.  of  depth.     For  ^"^  *" 

diving  contests,  pools  are  8  to  8!^  ft.  deep  with  a  maximum  of  10  ft. 

368.  Shape  of  Bottom. — The  so-called  spoon-shaped  bottom  is  considered  the  most  st 

able.    Hiis  has  a  gradual  slope  to  the  middle  of  the  length  after  which  It  is  sloped  both  ways 

so  aa  to  give  a'  maximum  depth  at  a  point  15  ft.  from  the  deep  end  of  the  pool  (see  Fig.  455). 

Pools  intended  for  miscellaneous  use  for  swimmers  and  non-swimmers  or  children,  sometimes 
divided  into  sections,  may  have  a  regularly  in-. 
creasing  depth  from  the  shallow  to  the  deep  end 
(see  Fig.  456).  An  older  fonn  of  bottom  is 
sloped  gently  for  one-third  the  length,  more 
sharply  over  the  middle  third,  and  left  practi- 
cally flat  the  remainder  of  the  length.  All  parts 
of  the  bottom  are  pitched  sufficiently  to  drain 
the  water  to  the  outlet  (see  Fig.  457). 

289.  Construction. — The  pool  is  con- 
structed of  reinforced  concrete  or  of  steel.  The 
computation  of  strength  will  not  be  discussed 
here,  but  the  pool  construction  must  be  suffi- 
cient to  resist  the  loads,  which  will  be  consider- 
able. The  steel  tank  is  necessary  where  exces- 
sive ground  water  may  be  encountered  and  for 
most  pools  in  the  upper  stories  of  buildings. 
In  this  case,  the  tank  which  is  supporftd  on 
adequate  columns  and  girders,  is  lined  with 
dense  concrete,  inside  of  which  a  waterproof 
lining  of  lead  is  placed.  Upon  this  asphalted  ■ 
felt  is  laid.  An  inaide  layer  of  concrete  ri 
foreed  with  steel  fabric  is  then  placed  as  a  I: 

""""' '"""'  for  the  tile  linii^.     A  4-in.  course  of  brick  work 

may  be  substituted  for  the  inner  concrete  lining. 

In  the  new  building  of  the  Athletic  Club  at  Omaha,  Nebraska,  a  concrete  pool  is  located  on 

the  third  story.    The  problem  of  its  construction  is  similar  to  other  concrete  work  of  equal 

importance. 


Fia.  «SS.- 


Tpne 


9.— Typical 
of  w&llbuill 


irnming     poa 


,    grunmotlcal  lorm. 


Conotetc  pool*  ratine  in  tbe  crouod  requin  pi 


IB  ireti  u  Cfae  in 
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impoimdi  ATB  veil  kaovn  ukd  ahould  bfi  uv«d  in  the  moat  e£fectjT«  vay.  The  oemcDt  - 
Eun  waulc)  be  uabTuI  id  fjoutiDfl  the  inude  uid  ouUide  of  the  pool,  Bcaide  thu.  the  inoide  ol  the  pooJ  nboidd  be 
Taterproored  by  rnembrKDe*  of  burlap  Bad  uphsU  or  uptulted  telte,  ceniBDted  Uigether  with  pitch  or  aipball. 
It  ii  (ound  in  prmetloe  that  where  aaphalt  will  not  adhere  to  the  concrete. a  preliminair  coaticg  of  pitch  will  over- 
eoms  the  dliBculty.  Where  ground  water  ig  nreeent  in  quantity,  the  eitorior  of  the  oouciete  walla  muit  be  watei- 
prooted  aa  irell.  Thia  ii  done 
tioD  for  the  tile  finiah  of  the  ind 

Fife,  4G8  and  4fiS  ahow  tyiilcal  cron  ui^tione  oT  ordinary  pools. 

270.  Tila  PiniBh.- — In  all  caaeB,  the  pool  must  be  tested  and  made  absolutely  waterproof 
efore  any  attempt  is  made  to  set  the  tile  lining.     Special  care  mtiiit  be  taken  to  make  the 

work  tiicht  about  the  inlet  and  outlet  uonnections. 

271.  Linings. — The  lioingij  of  the  walla  are  of  marble,  ceramic  mosaic,  or  large  tiles.  The 
floor  of  the  pool  is  frequently  paved  with  hexagon  floor  tile.  In  this  material  the  laoe  lines 
and  distance  numerals  are  shown  in  colored  tiles,  as  well  as  any  designflxed  upon  by  the  architect. 

272.  Overflow  Trongbs,  Laddais,  and  Curbs. — The  overflow  trough  or  scum  gutter  is  a 
device  extending  along  the  eideB  of  the  pool  for  removing  the  duet  and  other  floating  mbstances 


1. 


"L 


Pia.  480.— Open  arum  gutter  al           Fio.  4ni.~DeeiEn  for  wall  tile  Fia.     4S2.— A    combination    ol 

e  X  e-in.  wall  tile  and  tnmmen,  gutter  and  curb,   ^be  water  level  ceramic  moeaic  and  wall  tile.     No 

auitable  for  privato  and  outdoor  la  13  in.  below  the  top  of  the  curb.  curb  being  provided,  the  gangway 

poola.  the  proper  take-oS  distance.  floor  ehould  alope  away  from  the 

from  the  surface  of  the  water.  It  acts  also  as  an  overflow,  preventing  the  rise  of  the  water  above 
the  desired  level.  Finally  it  serves  aa  a  life  rail  or  catch-hold,  taking  place  of  the  metal  railing 
or  life  rope  of  old-fashioned  poola. 

The  ecum  jEUtter  ehould  be  entirely  receHeed  in  the  aurface  of  the  wall-  Tt  ia  formed  of  gtaied  terra  cotta  of  the 
aame  color  aa  the  tile  work,  or  may  be  farmed  in  the  concrete  and  the  moeuo  tile  (Figs.  400.  461.  and  483). 

Metal  ladders  and  steps  to  pools  have  been  repUcad  in  new  work  by  receased  tile-coveied  laddere  or  reeeoed 
footholds  formed  of  [laied  terra  cotis  or  of  Blecl  covered  with  mosaic  tile.  The  curb  around  the  pool  should  be  13 
to  IS  in.  wide,  for  comfortsble  itandiDE,  and  at  least  2  or  3  in.  high:  6  in.  is  a  common  height.     The  object  of  the 

in  athletic  contests  and  should  be  IS  in.  shove  the  water. 

273.  Lines  and  Markings.- — Distance  numerals,  depth  numerals,  swimming  and  safety 
lines  are  indicated  by  <;olorcd  tile».  Figures  are  used  at  5-ft,  intervals  and  the  intervening 
foot  marks  by  colored  lines.  Distance  marks  begin  at  the  deep  end,  and  must  be  accurate. 
Swimming  lanes  extend  the  length  of  the  pool  along  the  bottom.  The  lines  are  3  in.  wide  and 
should  be  distinut.  The  lanes  are  5  ft,  wide.  Safety  linos  are  extended  across  the  pool  and  up 
the  sidea.  At  5  ft.  from  the  ends,  similar  lines,  called  turning  lines,  are  extended  across  the 
bottom  and  sides.  Besides  these  are  the  jack  knife  limits  which  arc  similar  lines,  6  ft.  from  the 
end  of  the  diving  board,  croasinf;  the  curb  and  extending  a  short  distance  below  the  water  level, 
fls  required  by  the  rules,  for  the  araistance  of  the  judges  of  athtelie  contests  (see  Kg.  463). 

274.  Diving  Board.— The  official  diving  board  is  not  less  than  12  ft  nor  more  than  13  ft. 
long,  by  20  in.  wide.  Tjie  end  projects  not  more  than  2  ft.  over  the  pool  and  the  fulcrum  is 
placed  at  !i  the  length  from  the  free  end.  The  ho^ht  above  (he  water  is  not  less  than  2\i  ft. 
nor  more  than  4  It.     Provision  lor  lustcning  the  board  should  be  made  in  the  floor  structure. 
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E  Cable. — Where  BwimmiDg  leaaooa  are  given,  a  wire  cable  in  extended  the 
length  of  the  pool  to  support  a  awimming  belt.     Anchorage  for  thb  should  be  made  in  the  walls. 

S76.  Spechd  Pools. — Beaidea  the  ordinary  swimming  pool,  special  pools  are  uometimes 
built  for  sports,  such  as  water  polo  and  water  baiiketbaU. 

The  water  polo  pool  should  be  SO  to  70  ft.  long,  20  to  40  ft.  wide,  and  6  ft.  deep.    Theee 


Fio.  483.— Plan  and  elev.tion  of  ■  lypicuT  nwiniming  PooL 

games  may  be  placed  in  the  ordinary  pool  by  placing  the  necessary  marks.    The  playing  and 
goal  Lines  are  as  follows: 

Center  line,  across  the  le[^:th  of  the  pool. 

Goal  lines,  4  ft.  from  the  ends.  ' 

Free  throw  line,  15  ft.  from  the  ends. 
Twenty-foot  lines,  20  ft.  from  the-ends. 

For  water  basketball,  a  pool  not  over  2500  sq.  ft.  in  area  may  be  used.     The  center  line 
and  the  15-ft.  lines  only  are  required  for  this  game. 

All  markings  should  be  formed  in  the  tile 
lining  of  the  pool  as  before  described.  They  may 
be  worked  into  the  decorative  scheme  of  the  tile 
work. 


Pro.  464.— De-    w»t*r  may  be  kept  dean  by  trequs nt  renawsl,  pio.    495.- Detail    of    aiiun 

tail    of    digtanrs  Ktitter  Racine  CoUste,  Racina. 

'  '  277.  Spaces  About  the  Pool. — The  entire  niea    ^'»- 

about   the  pool  should  be  paved   with   tile  or 
marble.      The  walls  should  be  wainscot«d  with  the  same  material  to  a  height  of  6  to  7  ft,,  or 
to- tlw ceiling.     The  walk  or  gangway  about  the  pool  should  be  3  to  4)^  ft.  wide  along  the 
sides,   and   at   least   6   ft.  at  the  ends.     Some  space  should  also  be  provided  for  spectators. 
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For  athletic  contests,  temporary  bleauherH  will  be  set  as  close  to  the  pool  as  penuiasible  so 
tiiat  the  spectators  uao  watch  the  games  closely.  It  is  uaeless  to  provide  large  and  deep 
galleries,  generally,  as  the  swimmcra  or  players  cannot  be  watched  satisfactorily  except  from 
the  first  row  of  chairs.  Shower  Ijaths  should  never  be  placed  in  the  pool  room  on  account  of 
the  steam  thrown  off  by  them  which  will  condense  on  the  walls  and  ceiling  and  create  aDuoyance. 


S78.  Watef  Supply  aod  Sanitation. — The  wafer  supply  pipe  should  be  of  sufficient  sise 
to  fill  the  pool  in  24  hr.     The  water,  though  it  may  be  pure  upon  first  being  admitted,  soon 

becomes  unfit  and  must  be  clennsed  and  disinfected.  With  suth  treatment,  however,  it  may  be 
used  continuously  for  a  considerable  time,  in  certain  instances  extending  over  more  than  a  year. 
In  many  cases  the  available  water  supply  must  be  treated  before  using. 

A  comnwrcid  filler.  lontBitiinc  ausrti,  sind,  charcoa],  ud  other  lUUring  mtenta  nmDvea  the  nwohaiiinj 

ployed,  Thi*  coneiita  erf  a  mercury  vapor  Lamp  BUapended  in  a  wat«r~ 
tight  proteetinc  gla«  tube  held  within  s  caat-iron  ehamlMr.     The  inter 

■uffiolently  to  deatroy  all  baeterla. 

An  oione  apparatua  ia  alio  uaed  far  thia  purposC'     The  oione  appa- 
ratiu  canaials  of  a  ateet  tower  tbroufh  which  the  irKler  ia  paaaed  and 

and  where  apace  can  be  afToided  and  conditioDB  warrant  tbe  irut^atioD, 
it  will  pethape  eioel  the  ultra  violet  ray  proeeaa.  Inlormation  can  be 
obtained  aa  to  tb«  oione  apparatua  from  tbe  U,  8.  public  health  reporta. 


■ 

Ihrouih  the  beal^r,  filter,  ai 

id  etpririier,  afi 

bould  be  of  auffieien 

t  capaeity  to  change  the  water  i 

L>nce  in  10  hr. 

r,  but  the  walla  and  floor  of  the 

pool  will  reqi 

eilt.  etn.,  from  time  to  time. 

379.  Beating. — The  heater  should  he  the  closed  type  of  feed  water  heater  with  copper  or 
brass  tubes  through  which  the  water  passes  (see  Fig.  466).  The  temperature  of  the  water 
should  be  controlled  by  a  special  thermostat  which  will  maintain  a  constant  degree  of  heat, 
usually  about  75  deg.  F. 

In  iome  cages  the  water  is  hrsied  by  injeciioi  gCeain  direetly  (see  Fi(.  487).     Id  the  ordinary  caea  thia  method 

;b  and  cheap  metbed  of 


MAIL  CHUTES 
Br  ABTHint  I^abody 

280.  Requirements. — Public  buildings,  office  buildings,  apartment  buildings,  and  hotels 

are  usually  provided  with  mailing  chutes  for  firsUclaas  mail  only.  Where  these  deliver  directly 
to  public  mail  boxes,  the  regulations  of  the  United  States  Post  Office  Department  must  be  ob- 
served in  the  location  and  construction  of  the  chutes  and  boxes.  These  regulatiotu  ve  aa 
follows: 
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The  mail  box  must  not  be  plaoed  more  than  50  ft.  from  the  main  entrance  of  the  building. 

The  mail  ohute  must  run  through  a  public  hall  or  premises  that  are  freely  accessible  to  the  public  and  the 
Post  Office  autnorities. 

Every  mail  chute  must  be  so  constructed  that  its  interior  is  quickly  and  easily  accessible  to  authorised  persons, 
but  not  to  others. 

It  must  not  run  behind  a  partition  or  elevator  screen. 

AH  contracts  covering  mail  ohute  installations  must  be  upon  the  form  prescribed  by  the  Post  Office  Department 
with  the  regulations  printed  upon  and  made  part  of  the  contract. 


Zi 


Wa/////J^ 
Thimbfe"' 

Fio.  468. — With  wood  backing. 


^tbrx^. 


/(^> 


1^B 


v>zm 


"^^Mfl/l/ne 


ThimM 

FzQ.  460. — Steel  angle  backing. 


A  bond  of  the  Post  OflSce  Department  is  required  of  the  contractor.     Copies  of  these 
regulations  will  be  furnished  upon  request. 

Other  requirements  are  that  the  chutes  must  be  absolutely  vertical,  without  bends  or 

.  offsets,  to  avoid  possible  clogging.     Rough  openings  in 
K "- ^  the  floors  to  permit  the  installation  of  mail  chutes  must 


ziei 


_        ^__  be  6  X  12  in.  in  the  clear  for  each  chute,  plumbed  down 

^^y^*^  through  the  buildlAg,  located  2  in.  away  from  the  wall 

Th  'mf»&  against  which  the   support  of  the  chute  is  fastened. 

Metal  thimbles  for  floor  openings   are   furnished    by 
Fio.  *7O.--Jt0v^^bi^king  against      makers  of  mail  chutes.     Where  the  backing  or  support 

of  the  chute  is  furnished  separately  from  the  mail  chute 
contract  it  must  consist  of  a  flat  vertical  continuous  surface  not  less  than  lOK  in.  wide  ex- 
tending from  the  ground  floor  surface  to  a  point  4H  ft.  above  the  floor  of  the  highest  story 
Irom  which  mail  is  delivered.  The  backing  may  be  of  wood,  as  in  Fig.  468,  or  of  steel 
angles  2  x  2-in.  size,  as  in  Figs.  469  and  470.  Fig.  471  shows  the  backing  in 
place,  ready  to  receive  the  chute.  It  is  advisable  to  include  the  backing  in 
the  contract  for  mail  chutes  to  insure  a  satisfactory  piece  of  work.  Where 
the  chute  is  in  connection  with  an  elevator  screen,  it  must  be  self-supporting 
between  floor  and  ceiling. 

281.  Details. — The  details  of  this  device  are  so  specialized  and  patented 
and  the  regulations  surrounding  installations  are  so  strict  that  the  usual  prac- 
tice is  to  make  use  of  one  of  the  principal  types  now  on  the  market. 

Single  and  double  chutes  into  one  mail  box  are  furnished  as  circumstance 
require.    Openings  in  floors  must  then  be  made  in  accordance. 

The  chutes  are  formed  of  metal,  with  removable  or  hinged  plate  glass 
panels  exposing  the  chutes  throughout  their  length,  and  giving  access  to  the  n^ 
interior  at  all  points.     The  usual  finish  of  the  chutes  is  a  dull  black  enamel.       -pia  471 Back- 

The  mail  boxes  are  of  standard  pattern  and  capacity.  The  finish  may  ing  ready  for  the 
be  black  or  of  electro-bronze  (slightly  oxidized  or  "statuary")  with  bronze 
trimmings.  Special  designs  are  available  for  important  work  following  the  architectural 
style  of  the  building,  which  may  be  executed  in  real  bronze.  The  space  required  for  a 
standard  mail  box  is  36  in.  high,  21 K  in.  wide,  by  11  Ji  in.  deep  over  all.  Special  boxes  will 
vary  in  dimensions. 


v\\\^' 
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RETAraiWG  WALLS 

By  Allan  F.  Owen 

ReUdning  walls  are  walls  that  support  the  lateral  pressure  of  earth  or  of  other  material 
naving  more  or  less  frictional  stability.  They  are  used  in  buildings  as  basement  and  sub- 
basement  walls  and  as  walls  of  tanks,  swinmiing  pools,  coal  bins,  etc.  In  some  cases,  retain- 
ing walls  must  be  designed  to  support  loads  coming  upon  railroad  tracks  and  drivewayB  built 
on  top  of  the  backfill  parallel  with  the  wall. 

Where  possible,  the  earth  back  of  retaining  walls  must  be  drained  so  that  actual  water 
pressure  will  be  avoided.  A  thin  film  of  water,  held  between  a  retaining  wall  and  the  fill  behind 
it,  exerts  the  same  pressure  against  the  wall  as  a  body  of  water  of  the  same  depth.     However, 

a  small  amount  of  water  may  be  led  away  by 
drains  so  that  it  will  never  stand  deep  enough 
to  harm  the  wall. 

In  water  bearing  soil  the  back  of  the  wall 
must  be  waterproofed,  or  the  wall  made  of  water- 
proof concrete,  and  must  be  built  heavy  enough 
to  withstand  water  pressure. 

282.  StabiUty  of  a  Retaining  WalL— Two 

motions  of  the  wall  tend  to  result  due  to  the 

action  of  the  earth  thrust:  (1)  a  tendency  to 

slide  forward;  and  (2)  a  tendency  to  tip  forward 

^  _  _  J       about  some  point  on  the  base. 

The  thrust  of  the  earth  back  of  a  retaining 
tio^°hfw1-,;7c:rc,?fe".t°r!.^f^m^^^^  ^*ll «  counteracted  by  the  friction  between  the 

wjll.     Union     Special     Machine    Company    building,    base  of  the  Wall  and  the  Soil  on  which  it  restS, 

by  the  pressure  of  the  soil  at  the  toe  of  the  wall, 
and  by  the  pressure  of  the  soil  against  key  walls  (if  any)  constructed  below  the  plane  of  the 
base  of  the  wall  proper.  Concrete  struts  or  heavy  concrete  floor  construction  is  usually  neces- 
sary in  deep  basements  to  take  care  of  the  greater  part  of  the  earth  thrust  (see  Fig.  472). 

The  resistance  to  overturning  the  wall  is  afforded  by  a  distributed  reaction  of  the  bearing 
soil  upward  against  the  base  of  wall.  The  center  of  the  resultant  force  acting  upon  the  base 
must  strike  within  the  middle  third  of  the  base  plane  if  the  entire  base  is  to  bear  on  the  soil. 
The  soil  pressure  under  the  toe  of  a  retaining  wall  should  not  be  greater  than  the  allowable 
(see  table  on  p.  351). 

The  frictional  resistance  along  the  horizontal  base  of  a  wall  may  be  taken  as  the  total 
vertical  load  on  the  base  multiplied  by  the  coefficient  of  friction  of  the  waU  material  upon  the 
supporting  soil.  The  coefficients  of  friction  between  earth  and  other  materials  are  given  in 
Table  1. 

Table  1. — Cobppicient  op  Friction  Between  Earth  and  Other  Materials 


^ 


Material 

Coeffident 

Maaonry  upon  masonry 

0.66 
0.50 
0.33 
0.40 
0.60 

Maaonrv  on  drv  day 

Masonrv  on  wet  day 

Masonry  on  sand 

Masonry  on  grayel 

When  the  material  back  of  the  wall  is  a  fluid,  the  intensity  of  the  horizontal  pressure  at 
any  depth  is  equal  to  the  weight  of  a  cubic  unit  of  the  fluid  multiplied  by  the  given  depth.    Thus 
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for  water,  at  a  depth  of  one  foot,  the  horizontal  (and  also  the  vertical)  pressure  is  62f^  lb.  per 
sq.  ft. ;  at  a  depth  of  10  ft.  it  is  625  lb.  per  sq.  ft.  For  any  material  not  a  fluidi  the  horizontal 
pressure  is  less  than  the  vertical  pressure  but  the  variation  of  pressure  due  to  depth  follows  the 
same  law.  Thus  the  term  ''equivalent  fluid  pressure "  for  a  given  material  is  taken  to  mean  the 
horizontal  pressure  per  square  foot  at  a  depth  of  one  foot.  The  equivalent  fluid  pressure 
varies  with  the  "angle  of  repose''  and  weight  of  the  material. 

Table  2. — Angles  of  Repose  and  Weight  per  Cubic  Foot  for  Varioits  Earths 


Material 

Weight 
(pounda  per  cubic  foot) 

Angle  of  repoae 
(degrees) 

Sand.  dry. 

90  to  110 

100  to  110 

110  to  120 

80  to  100 

80  to  100 

100  to  120 

.      100  to  135 

100  to  116 

20  to  35 
30  to  45 
20to40 
20  to  45 
25  to  45 
25  to  30 
30  to  48 
20  to  37 

(i^Dd,  moist'. 

Sand,  wet 

Earth,  dry 

Karth,  moiHt 

Earth,  wet 

Gravel,  round  to  aiunilar. . .  •. 

Gravel.  Band  and  clay 

Table  3. — Equivalent  Flthd  Pressure 


Angle  of  repose 
(degrees) 

Coefficient 

Weight 
(pounds  per  cubic  foot) 

Equivalent  fluid  pressure, 
(pounds) 

20 

0.40 

80 
100 
120 

39 
49 
59 

25 

0.406 

80 
100 
120 

32 
40 
49 

30 

0.333 

80 
100 
120 

27 
33 
43 

35 

0.271 

00 
110 
130 

24 
30 
35 

40 

0.217 

00 
110 
130 

19 
24 
28 

45 

0.172 

90 
110 
130 

16 
19 
22 

48 

0.147 

100 
120 
135 

15 
18 
20 

From  Tables  2  and  3  it  will  be  seen  that  the  equivalent  fluid  pressure  may  be  taken  at  from 
15  to  59  lb.  according  to  soil  conditions.     Recommended  values  are  given  in  Table  4. 
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Table  4. — Recommended  Values  of  Equivalent  Fluid  Pressure 


Well  dimined  gravd. 

20 
33 
50 

62H 
80 

A  VMr«kjrm  mirth 

Wf^t  ttand r 

WAter  bAArinff  soil 

Kluid  mud ......  t 

Fio.  473. — DiBtribution  of 
horisontsl  pressure  on  back 
of  wall  with  level  back  fill. 


The  following  notation  will  be  used: 

p  •-  equivalent  fluid  pressure  of  soil  back  cf  wall. 

P  >■  total  pressure  on  back  of  walL 
h    ">  height  of  wall. 

b  «  width  of  base. 

c  «  distance  from  back  of  wall  to  center  of  gravity  of  weight  of  wall  and 
backing. 

X  "B  distance  from  baclc  of  wall  to  center  of  vertical  reaction. 

e  —  eccentricity  of  vertical  reaction. 
Wi  —  weight  of  wall. 
Wi  ■-  weight  of  backing  carried  on  wall. 
Ri  "  vertical  reaction. 
Rt  «  horisoQtal  reaction. 


Fia.  474. — Tjrpes  of  masonry  retaining  walls. 


Case  or 


■      t^     -I 


e  has  fhcm  b*6 


9''bT6 


9  iff9uf9t'  fhon  b^€ 


Fia.  475. — Distribution  of  stress  on  foundations  eocen^cally  loaded. 


The  horizontal  pressure  at  the  top  of  the  wall  is  zero,  and  the  pressure  at  the  bottom  of 
the  wall  =  pK     The  pressure  varies  uniformly  between  these  limits  and  the  total  P  =  -«-• 

The  center  of  this  pressure  is  at  «  above  the  base  (see  Fig.  473).     Referring  to  Fig.  474 

p    =  P 


X  — 


Ri 


c  -  X  —  }'ib 
When  X  —  yiby  the  soil  pressure  is  uniform  over  the  whole  base.    When  x  =  %hf  the  pres- 
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sure  varies  from  nothing  at  the  heel  to  twice  the  average  at  the  toe  (see  Case  II,  Fig.  475). 
In  Pig.  475 


Case  I:  /i  =  :|i  ^1  4-  ^ 


Case  II: /i  =^2Ri^b 

Case  III:  /i  =  212i  ^  3(K6  -  e) 

283.  Masonry  Retaining  Walls. — Masonry  waHs  of  brick,  stone,  or  concrete  may  be  used 
for  low  retaining  walls,  where  the  weight  to  be  supported  is  small  and  no  great  thickness  is 
required,  or  for  high  walls  where  consideration  of  space  and  cost  will  permit  the  great  thicknesses 
required. 

For  a  rectangular  retaining  waU  of  masonry  weighing  150  lb.  per  cu.  ft.,  the  width  of  base 
given  in  Table  5  in  terms  of  the  height  will  make  e  =  }ih.  The  soil  pressures  will  be  /i  =«  300A 
(where  /i  is  in  pounds  and  h  is  in  feet),  and  J2   =  0. 

For  a  retaining  wall  of  triangular  cross  section,  back  ver- 
tical, front  battered,  of  masonry  weighing  150  lb.  per  cu.  ft. 
the  same  width  of  base  as  given  in  Table  5  will  make  e  «  y^h. 
The  soil  pressures  will  be  /i  =  150/i,  and  /a  =  0. 

For  a  retaining  wall  of  triangular  cross  section,  front 
vertical,  back  battered,  of  masonry  weighing  150  lb.  per  cu.  ft., 
supporting  a  fill  weighing  100  lb.  per  cu.  ft.,  the  width  of  bajse 
given  in  Table  6  will  make  e  »  H&*  The  soil  pressures  will  be 
/i  «  250^  and  /i  »  0. 

284.  Reinforced  Concrete  Retaining  Walls. — Reinforced 
concrete  is  the  most  suitable  material  for  many  retaining  walls  because  of  the  possibility  of 
making  it  moisture  proof  or  water-proof  as  may  be  required,  and  because  the  weight  of  the 
backing  can  be  utilized  to  advantage  to  prevent  overturning;  also  the  sections  may  be  made 
thin  and  the  tensUe  stresses  resisted  by  steel  reinforcement.  Tjrpes  of  reinforced  concrete 
retaining  walls  are  shown  in  Fig.  476. 


Table  5 

Table  6 

p 

h  ■¥  h 

p 

If  +  h 

20 

0.37 

20 

0.45 

33 

0.47 

33 

0.675 

50 

0.58 

50 

0.707 

62K 

0.65 

Q2H 

0.79 

80 

0.73 

80 

0.805 

m^-     ■■■■'    '■■ 


Cantilever  Wbill 


lyp  Shear  Diogmm     ^fomenf  Oiagrcnn 

Wall  Supported  Top  and  DoHom- 


Wall  wi+h 'Sock  Ties 
Fia.  476. — Types  of  reinforced  concrete  retaining  walls. 

284a.  Cantilever  Wall. — The  upright  portion  of  the  wall  must  be  figured  aa  a 
cantilever  slab.     At  any  depth  hi  (see  Fig.  476) 

M  =  }iphi* 
The  maximum  moment  occurs  at  the  junction  of  wall  and  base,  or 

The  total  upward  pressure  on  the  toe  of  the  wall,  y,  may  be  found  from  the  formulas  and 
diagrams  for  the  distribution  of  soil  pressure  (see  Fig.  475).     Let  this  pressure  equal  F,     The 
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distance  from  the  front  face  of  the  vertical  slab  to  the  center  of  gravity  of  the  "trapezoid  of 
pressure "  may  be  computed  and  the  maximum  moment  in  the  toe  slab  at  the  face  of  wall  will 
be  this  distance  times  F,     Usually  it  will  be  near  enough  to  take  M  =  ^iFy. 

The  maximum  moment  in  the  heel  slab,  Zj  may  be  taken  at  H  TViZ.  Care  must  be  taken  to 
have  the  reinforcing  rods  long  enough  beyond  points  of  maximum  stress  to  develop  their  strength 
in  bond.     Each  of  the  cantilever  arms  of  this  wall  may  be  tapered  toward  the  free  ends. 

The  horusontal  portion,  or  floor  slab,  is  usually  poured  before  the  forms  for  the  vertical  poi^ 
tion,  or  wall  slab,  are  completed.  It  would  be  very  inconvenient  to  handle  the  upright  rods  if 
they  extended  from  the  bottom  of  the  floor  slab  to  the  top  of  the  wall  slab.  Consequently, 
the  rods  in  the  floor  slab  should  be  cut  so  they  will  extend  into  the  wall  slab  only  far  enough  to 
develop  their  strength  in  bond.  The  bars  in  the  vertical  slab  should  then  start  at  the  top  of  the 
horizontal  slab  and  may  be  alternately  long  and  short  to  provide  the  steel  required  at  the  bot- 
tom and  less  steel  at  the  top.  Rods  crossing  the  main  reinforcement  must  be  used  to  prevent 
cracks  and  these  may  amount  to  Ho  to  K  %  of  the  sectional  area. 

In  designing  a  cantilever  wall  for  a  given  height,  it  is  necessary  to  assume  waU  and  floor 
thicknesses  and  width  of  base.  Table  7  may  be  used  to  assist  in  making  these  assumptions. 
Concrete  is  taken  at  150  lb.  per  cu.  ft.,  and  back  fill  at  100  lb.  per  cu.  ft.     The  width  of  base 

in  each  case  will  make  c  =  g-    Wall  thickness  assumed  «•     Moor  thickness  assumed  t^'  /i 

is  given  in  pounds  when  h  is  height  in  feet. 

Table  7 


y  +b 

0 

• 

H 

H 

H 

H 

H 

M  +b 

H 

H 

H 

H 

H 

0 

r 

P 

Values  of  6  -^ 

h 

20 
33 
50 

62H 
80 

0.465 
0.697 
0.734 
0.821 
0.929 

0.401 
0.51Q 
0.635 
0.710 
0.802 

0.379 
0.487 
0.600 
0.670 
0.758 

0.380 
0.489 
0.601 
0.672 
0.760 

0.402 
0.617 
0.637 
0.711 
0.805 

0.601 
0.760 
0.935 
1.047 
1.182 

/i 

224h 

193A 

162A 

13U 

lOlh 

71A 

IllastratiTe  Problem. — Given  the  followinc  data:  A  -  24  ft.  6  in.,  p  -  33  lb.,  6-12  ft.  0  in.,  y  «  1  ft.  10  ia. 
«  -  8  ft.  0  in. 

Then 

P  -   <33)(24.5)(24.5)  _  ^  ,^ 

Wi  =  (63.58)  (150)  -  9637  lb. 

Wt  -  (180)(100)  =  18.000  lb. 

(9537)^8.07)  +  K  18,000)^3.97)        _  .  . . 
e  -  277537  "  ^•'***- 

Ri  -  27,637  lb. 

80,883  -f  148.422       ^  ._  .. 
X  277537  ^  .^^  "• 

e  -  8.33  -  ^  "  2.33  ft.,  is  greater  than  }ib. 
/i  -  56,074  +  11  -  6007  lb.  per  iq.  ft. 

Bending  moments  in  upright  cantilever  at  various  depths  are  figured  and  plotted  from  the  formula  M  ^  H  pht*  « 
5.5Ai>  (see  Fig.  477).     Moment  at  22-ft.  depth  -  58,564  ft.-lb. 

By  the  principles  of  reinforced  concrete  the  thickness  of  wall  is  determined  to  be  26  in.  and  the  required  area 
of  steel  at  this  point  2.14  sq.  in.  A  curve  is  plotted  for  the  required  acea  of  steel  as  shown  in  the  steel  diagram. 
Stub  rods  K  in.  square  and  3  in.  on  centers  are  placed  in  the  footing  slab  to  project  into  the  wall  slab  the  required 
bond  lengtn,  or  30  in.  The  value  of  these  rods  is  represented  by  the  triangle  abc.  Rods  in  the  wall  start  at  the  top  of 
the  footing  slab — one  21  ft.  9  in.  long,  one  8  ft.  9  in.  long,  and  one  5  ft.  0  in.  long  being  used  in  eaeh  foot  length 
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le  rod«  ia  nprewmted  by  ^e  pol^son  iDdioatcd,  tha  taper  top  uid  bott4>in 


luiot  must  tsk«  b  b«iirin(  of 

(33)  (Ml  (23) 


Tflae 


■BctioD  in  shor  will  be  7H  K  la  -  90  aq.  ft. 
rvtnforoed  leotioD. 

The  soU  praanin  on  th*  toe  ebb  tTerMM  454S  lb.  par  aq.  ft.     M 
leguired  -  0.24  aq.  in.     Roda.  K  in.  aquare.  wiU  be  uaed  ipaced  12  is. 

The  load  on  the  heel  elab  ■  1S,000  lb.  and  JV  -  (1S.000)(41  -  72,1 
the  Bted  araa.  2.25  aq.  in.     Koda,  H  i".  aqoare,  will  be  uaed  apaced  3  in. 

To  prerent  cnaka  in  the  wiUl,  roda  H  in.  aquare,  will  be  uaed  apaced  IS 

l>  yi*%  ot  the  wall  area. 


20  aq.  in.     A  2  X  S-in.  plaok  laid  io  the  top  of 

area  of  IK  X  12  -  21  aq.  in.     The  minimum 

99  lb.  per  aq.  In.,  irhieh  i«  aUoiraUa  lor  Mieh  a  heavily 


(l.S3)(4«fi)(0.92)  -  7M0ft.-Ib.     Bteel 

It.-lb.     The  depth  required  is  30  in.  and 

ire.     Thii  amount  of  atael 


piogrxmi  StaeJ  Dtagram 


Fia.  4T7.— DeaJEC 


'  3Hb.  Wall  with  Back  Ties. — Id  deeigniug  a  w&U  with  back  ties,  the  vertical  part 
of  the  waU  IB  figured  as  a  tlab  loaded  on  its  buck  and  supported  by  the  tie  counterforts  (see 
Fig.  476).  The  floor  e  is  figured  as  a  slab  8upport«d  by  the  counterforta.  Reinforcement 
must  be  placed  in  the  ties  to  take  the  tension  produced  and  also  to  hold  the  tie  to  the  floor  and 
waU. 

284c.  Walls  Supported  Top  and  Bottom. — The  most  common  form  of  retaining 
wall  in  building  construction  lb  the  wall  supported  at  the  top  by  the  first  floor  construction  and 
at  the  bottom  by  the  basement  floor.  This  wall  must  be  reinforced  as  a  elab  loaded  at  its  back 
and  supported  top  and  bottom.     Beferring  to  Fig.  479 


«.  -  -„-        Ki  -^ 


Moment  at  any  depth  hi 


M-  RJt,  - 


The  maximum  moment  is  at  the  depth  0.58h  and  is 
M  =  0.0G4pA ' 
Retaining  walls  in  buildings  may  be  supported  by  heavy  wall  columns,  and  in  such  cases 
the  wall  is  figured  as  a  slab  loaded  on  its  back  and  supported  on  two  sides,  or  two  sides  and  bot- 
tom, or  two  sides  and  top  and  bottom.     In  each  case  the  column  must  be  investigated  to  see 
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that  the  bending  due  to  the  earth  pressure  on  the  wall  does  not  over-stress  the  column,  and  the 
column  section  made  heavy  enough  to  take  such  bending  stresses. 

286.  Structural  Steel  Frame  Walls. — In  steel  frame  buildings  steel  I-beams  are  sometimes 
provided  to  take  the  thrust  of  the  earth  on  the  retaining  walls  and  reinforced  concrete  slabs  are 
used  spanning  from  beam  to  beam  and  enclosing  such  beams  (see  Fig.  478). 

286.  Steel  Sheet  Piling. — Where  one  or  more  sub-basements  are  to  be  built  adjoining  a 
heavy  building,  and  the  earth  under  its  foundations  must  not  be  disturbed,  steel  sheet  piling 
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Fio.  478. — Structural  steel  and  concrete  retaining  wall,  Mandel  Broe.  Store,  Chicago,  111. 

is  useful.  The  piling  is  driven  at  the  wall  line  of  the  new  basements  before  the  deep  excavation 
is  made.  As  this  excavation  proceeds,  the  framework  for  the  floor  construction  at  each  level 
is  set  in  place  and  the  utmost  care  is  used  to  prevent  the  sheet  piling  from  being  forced  inward 
by  the  pressure  from  the  adjoining  building.  Temporaiy  shores  are  used  where  necessary  and 
the  permanent  concrete  floors  and  concrete  covering  for  the  sheet  piling  is  placed  without  delay 
(see  Fig.  479). 

287.  Retaining  Walls  with  Sloping  Back  Fill.— Where  the  fill  slopes  up  from  the  back  of 
the  wall,  the  direction  of  the  earth  pressure  is  usually  considered  as  parallel  to  the  surface  of  the 
fill  (see  Fig.  480). 
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288.  Retaixiing  Walls  with  Surcharge. — When  the  earth  behind  a  wall  is  loaded  in  any  way 
— for  example,  when  the  embankment  is  used  as  a  storage  of  material — ^the  additonal  pressure 
may  be  provided  for  by  replacing  the  load  by  an  equivalent  surcharge  of  earth.  The  height 
of  this  surcharge  may  be  determined  by  dividing  the  extra  load  per  square  foot  by  the  weight 
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Fio.  479. — Steel  sheet  piling  retaining  wall  between  Stevens  store  and  Columbtis  Memorial  building,  State  St.t 

Chicago,  111. 


Fia.  480 


Fia.  482. 


of  a  cubic  foot  of  earth.     This  height  is  shown  in  Figs.  481  and  482  as  Ai.     Let  h  ■\-h.\ 
Then  the  resultant  pressure  on  a  vertical  plane  for  a  wall  with  height  H  will  be 

44 
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and  the  reeuHant  pressure  for  a  wall  with  weight  ^i  will  be 

Pi  -  Kp^i* 
The  pressure  on  the  vertical  wall  AB  iw  the  difference  of  these,  or 

=  Hphih  +  2A,) 
and  the  distance  bf  the  point  of  application  of  this  force  from  the  base  of  wall 

P  acts  through  the  center  of  gravity  of  ABDE. 

289.  Retaining  Wall  Supporting  Railroad  Track. — A  retaining  wall  adjoining  a  railroad 
track  needs,  special  strength  to  support  the  weight  of  locomotives  and  trains  standing  on  the 
track  or  passing  by.     When  the  track  is  close  to  the  wall,  the  additional  earth  pressure  may  be 
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taken  as  }i  the  maximum  train  load  per  linear  foot  of  track  divided  by  the  distance  from  the 
center  of  the  track  to  the  wall.  Thus,  for  Cooper's  £-50  loading  and  a  distance  of  5  ft.  6  in. 
from  center  of  track  to  wall,  t  =  300  lb.  approximately  (see  Fig.  483). 

The  pressure  at  the  bottom  of  the  wall  ist  +  pht  and  the  total  pressure 


tht  + 


phi 


The  center  of  this  pressure  is 


The  reactions  are 


9 


kt      jt  ±jpht 
3  ^  3<  +  pht 


Moment  at  the  top  of  fill 
Moment  at  any  depth  hi 


Ri  =  P  —  Ri 
M  =  R^h^ 


thi*      pAi' 


M  =  R^(h^  +  /i,)  -  ^  -     g 


The  maximum  moment  occurs  where 


ihv  + 


ph\ 


Rt 


For  a  track  at  some  distance  from  the  wall,  the  effect  is  less  than  stated  above  and  the 
additional  pressure  is  applied  on  the  lower  portion  of  the  wall  only.  When  the  nearest  rafl  is 
more  than  0.6^  from  the  wall,  the  effect  of  the  railroad  load  may  be  neglected. 
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CmMNBTS 

By  W.  Stuart  Tait 

•  ■ 

Chimneys  serve  two  purposes.  One  purpose  is  to  create  the  required  draft  for  proper 
combustion  of  fuel;  the  other  purpose  is  to  provide  a  means  of  discharging  the  gases  carried  by 
the  chimney  at  a  sufficient  height  above  the  ground  that  they  may  not  be  harmful  to  people 
living  in  the  vicinity  of  the  chimney. 

Very  high  chimneys  are  more  expensive  than  lower  chimneys  producing  the  same  draft. 
Chimneys,  therefore,  over  150  ft.  in  height,  need  only  be  used  at  smelters,  chemical  works,  and 
other  industrial  plants  where  noxious  gases  are  produced. 

290.  Shape  of  Chimneys. — Chimneys  of  any  magnitude  are  built  circular.  A  round  chim- 
ney is  better  even  for  an  ordinary  house  than  a  square  or  rectangular  one.  For  the  sake  of  econ- 
omy in  construction,  however,  flues  and  chimneys  of  small  dimensions  are  usually  built  square. 
Large  chimneys  are  usually  built  with  a  slight  taper.  The  taper  does  not  add  materially  to 
the  chimney  cost  while  it  improves  its  appearance  vastly.  A  taper  which  is  quite  generally 
used  in  concrete  chimne3rs  is  1  in  72. 

291.  Small  Chimney  Construction. — The  Chicago  Building  Code  requires  that  small  chim- 
neys or  flues  be  constructed  as  follows: 

Flues  having  area  less  than  144  sq.  in 8  in.  brick,  or    4  in.  briok  with  flue  liner. 

Flues  having  area  between  144  and  300  sq.  in 13  in.  brick,  or   9  in.  briok  with  flue  liner. 

Flues  having  area  between  300  and  600  sq.  in 17  in.  brick,  or  13  in.  brick  with  flue  liner. 

A  much  better  chimney  is  obtained  by  using  a  brick  wall  surrounding  a  flue  liner  than  can 
be  obtained  with  a  brick  wall  alone. 

292.  Linings  for  Large  Chimneys. — Large  chimneys  must  always  be  built  with  an  interior 
wall  of  firebrick  or  other  material  which  will  withstand  high  temperatures.  This  lining  must 
be  free  to  expand  independently  from  the  outer  shell  or  main  chimney  structure.  It  must  be 
carried  to  such  a  height  that  the  heat  of  the  gases  where  the  lining  ends  will  not  be  great  enough 
to  damage  the  chimney.  In  concrete  chimneys  the  lining  is  usually  carried  to  a  point  one-third 
of  the  chimney  height  above  the  breech  opening.  The  Chicago  Code  requires  that  the  lining  in  a 
concrete  chimney  be  carried  to  height  equal  to  ten  times  the  inside  diameter  of  the  chimney 
above  the  breech  opening.  Where  high  temperature  gases  occur,  it  may  be  necessary  to  continue 
the  lining  to  the  top.  A  firebrick  lining  is  usually  made  4  in.  in  thickness  for  the  first  50  ft. 
of  its  height  and  8  in.  for  the  next  50  ft.  An  insulating  cavity  of  at  least  3  in.  in  width  should  be 
provided  between  the  fire  brick  lining  and  the  outer  shell. 

Designers  must  keep  in  mind  that  the  lining  will  expand  vertically  to  a  considerably  greater  extent  than  the 
chimney  proper.  In  addition  all  chimneys  sway  to  some  extent  in  the  wind.  The  construction  at  the  top  of  the 
lining  must  consequently  be  such  that  the  lining  may  be  free  to  move  vertically  relative  to  the  outer  sheU.  The 
lining  must  be  corbelled  out  at  the  top  of  the  insulating  cavity  closing  off  the  cavity  from  the  flue  opening. 

298.  Temperature  Reinforcement  in  Reinforced  Concrete  Chimneys. — In  reinforced 
concrete  chimneys,  special  additional  temperature  reinforcement  should  be  provided  at  any 
region  where  a  decided  change  in  section  occurs.  It  is  also  necessary  to  introduce  extra  heavy 
temperature  steel  in  the  top  of  the  stack  and  at  the  top  of  the  lining. 

294.  Size  of  Breech  Opening. — The  mechanical  engineer  will  usually  give  the  chimney 
designer  the  dimension  of  the  stack  and  the  size  and  locations  of  the  breech  opening  and  clean 
out  door.  The  breech  opening  is  usually  made  20  %  greater  in  area  than  the  minimum  internal 
cross  section  of  the  chimney.  For  structural  reasons  the  width  of  the  breech  opening  should  be 
held  down  to  as  small  as  dimension  as  possible.  A  width  equal  to  two-thirds  of  the  width  of  the 
chimney  at  the  top  is  the  maximum  whih  the  structural  engineer  should  endeavor  to  have  used. 
This  will  give  a  flue  whose  height  is  2J^  times  its  width. 

295.  Size  and  Height  of  Chimneys. — Assummg  an  average  consumption  of  5  lb.  of  coal 
per  horsepower  per  hour  and  taking  the  effective  diameter  of  the  chimney  as  4  in.  less  than  its 
internal  diameter,  we  have  the  following  formulas  for  the  size  and  height  of  a  chimney: 
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^  _  0.3g 

Vh 
D  =  13.54  VS  +4 

where  E  is  the  effective  chimney  area;  H  is  the  horsepower  to  be  provided  for;  hia  the  height 
of  the  chimney  in  feet;  and  D  is  the  internal  diameter  of  the  chimney  in  inches. 

For  steam  heating  plants  in  small  buildings  the  following  sizes  of  chimney  flues  should  be 
used: 

Direct  radiation  in  «.  ^    •  -..^ 

square  feet  ^'*^  °^  ^"^ 

200  to  400  8X8 

450  to  900  8  X  12 

1000  to  1600  12  X  12 

1600  to  3000  16  X  16 

Jf  indirect  radiation  is  used,  50  %  should  be  added  to  the  amount  of  radiation  to  be  installed 
in  choosing  the  flue  size  from  the  above  table.    For  a  kitchen  range  an  8  X  8  flue  is  satisfactory. 

296.  Design  of  Chimneys. — ^Large  chimneys  are  of  three  main  types:  (1)  Reinforced  coi>- 
crete,  (2)  steel,  and  (3)  brick.  The  chimney  shaft  is  so  porportioned  and  designed  that  the  stresses 
developed  in  the  material  used,  when  the  chimney  is  subjected  to  a  horizontal  wind  pressure,  are 
within  the  unit  stresses  recognized  in  engineering  practice.  In  reinforced  concrete  and  steel 
chimneys  the  design  may  be  such  as  to  produce  tension  in  the  cross  section.  In  brick  chimneys, 
on  the  other  hand,  no  tension  must  occur  under  the  combined  bending  due  to  wind  pressure  and 
the  direct  load  of  the  chimney.  Since  practically  all  chimneys  of  these  types  are  circular, 
analyses  will  be  worked  out  only  for  this  form. 

In  the  case  of  a  circular  stack  the  kern  or  circle  outside  which  the  center  of  pressure  may 
not  fall,  if  *there  is  to  be  no  tension  on  the  section,  has  a  radius 

r  =  Hrill  +  (ri/ri)^ 
where  rx  is  the  outside  and  fj  the  inside  diameter  of  the  chimney. 

Steel  or  concrete  stacks  may  be  designed  by  applying  the  formula  combining  direct  load  and 
bending  to  sections  about  25  ft.  apart  down  the  shaft:     Thus 

/(max.)  =  ^  +  ^ 

/(mm.)  ^-j-  -g 

where  W  -=  weight  of  chimney  above  the  section  considered,  A  =  area  of  section,  M  =  mo- 
ment of  the  wind  pressure  above  the  section,  and  S  =  section  modulus.  Since  the  wind  pressure 
may  cause  either  tension  or  compression  at  any  point  around  the  steel  or  concrete  stewsk,  de- 
signers must  use  values  of  /•  such  that  the  sum  of  the  tensile  and  compressive  stresses  does  not 
exceed  the  unit  stress  allowed. 

The  wind  pressure  on  flat  surfaces  is  generally  specified  in  American  building  codes  at  30  lb.  per  sq.  ft.  From 
the  experiments  carried  out  by  the  National  Phj'sical  Laboratory  of  England,  32  lb.  per  sq.  ft.  is  the  pressure  pro- 
duced by  a  gale  of  100  miles  per  hour  velocity.  In  the  design  of  circular  chimneys  it  is  customary  to  take  a  pressure 
intensity  on  the  projected  surface  of  H  that  applying  on  flat  surfaces.  The  city  of  Chicago  requires  a  wind  pressure 
of  22  lb.  per  sq.  ft.  to  be  used  in  the  design  of  circular  chinneys.  Some  designers  use  a  unit  pressure  equal  to  one- 
half  that  applying  on  a  flat  surface  and  there  are  many  authorities  who  endorse  this.  Designers  would  do  well  to 
carefully  consider  the  wind  conditions  of  the  locality  where  the  chimney  is  to  be  erected  before  deciding  upon  the 
wind  pressure  to  be  used.  A  circular  chimney  to  be  erected  in  a  region  subject  to  tornadoes  should  be  designed  for 
at  least  25  lb.  wind  pressure,  while  a  similar  stack  in  a  region  where  no  high  winds  occur  might  be  designed  for  a 
wind  pressure  of  15  lb.     Both  of  the  pressures  refer  to  the  projected  area  of  the  stack. 

296a.  Brick  Stacks. — Brick  stacks  are  usually  built  of  specially  molded  hollow 
radial  bricks.  A  firebrick  independent  lining  is  installed  and  the  chimney  is  capped  with  a  cast- 
iron  ring  fitting  on  top  of  the  brickwork  protecting  the  joints  from  the  action  of  the  weather. 
At  the  breech  opening  the  wall  must  usually  be  buttressed.  In  brick  stack  design  there  must  be 
no  tension.     Therefore 

A       S  ^^' 
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With  a  wind  pressure  of  20  lb.  on  the  projected  area  and  brickwork  weighing  1201b.  per  cu.  ft., 
and  assuming  the  bottom  cross  section  of  the  stack  to  be  1.9  the  mean  cross  section  of  the  brick- 
work we  have 

(Di<  -  D,*)  =  Da  X  H  X  Di  X  1,60 (2) 

where  Di  and  D%  are  the  exterior  and  interior  diameters  at  the  base,  H  is  the  height,  and  D^ 
is  the  average  exterior  diameter  of  the  chimney.    By  trial,  Di  and  Dt  may  be  found. 

The  chimney  may  be  then  approximately  laid  out,  using  a  wall  thickness  at  the  top  as 
follows: 

8  in.  for  chimney  up  to  8  ft.  inside  diameter  at  top. 

12  in.  for  chimney  from  8  to  18  ft. 

In  equation  (2)  the  weight  of  the  stack  is  taken  as 

120  X  H  X  0.784(Di«  -  D^ 

fO    mm    . 

1.9 

After  laying  out  the  stack,  check  the  weight  of  same  against  the  assumed  weight  and,  if 
they  do  not  agree,  make  adjustments.  Then  apply  formula  (1)  at  each  point  just  above  where 
the  wall  increases  in  thickness.  At  the  base  it  is  advisable  to  check  the  maximum  unit  com- 
pression. 

In  case  the  weight  of  the  brickwork  is  not  120  lb.  per  cu.  ft.,  adju;3t  equation  (2)  by  multi- 
plying the  right-hand  side  by  120  and  dividing  by  the  weight  of  the  brickwork.  Also,  if  an- 
other wind  pressure  than  20  lb.  is  to  be  used,  multiply  the  right-hand  side  of  equation  (2)  by  the 
revised  wind  load  and  divide  by^.  The  foundation  design  will  be  similar  to  that  given  for 
the  concrete  stack. 

Brickwork  in  hollow  brick  stacks  weighs  approximately  90  lb.  per  cu.  ft.,  so  equation  (1) 
becomes 

Di*  -  Dj*  =  Da  X  iy  X  Z>i  X  2.16 

S96&.  Example  of  Design  of  Concrete  Stack. — Following  are  the  computations 
for  the  design  of  a  concrete  chimney  (see  design  on  p.  696). 

Height  ->  175  ft.  0  in.  Inside  diameter  ->  7  f t.  6  in. 

ft  -■  16,000.    /«  ■■  400.  n  ->  15.     Wind  presBure  20  lb.  per  sq.  ft.  on  projected  area. 

Breech  opening  ->  5  ft.  0  in.  X  10  ft.  6  in.     Top  of  opening  ■»  25  ft  0  in.  above  ground.     Flue  lining  extendi 
75  ft.  above  the  flue,  i.e.,  100  ft.  above  the  ground. 

Inside  diameter  at  top  ■>  7  ft.  6  in.     Thickness  ■>  4  in. 
Outside  diameter  at  top  »"  8  ft.  2  in. 

Inside  diameter  at  top  of  lining    ■>  7  ft.    6  in. 
Thickness  of  lining  (4  X  2).  -0  ft.    84n. 

Insulating  cavity  (3X2)  -  0  ft.    6  in. 

Assume  thickness  of  outer  shell 

(7X2)  -  1  ft.   2  in. 


Outside  diameter  75  ft.  from  top  ->  9  ft.  10  in. 

Taper  on  one  side  is  10  in.  in  75  ft.,  or  1  in  90. 

Outside  diameter  at  base  »  8  ft.  2  in.  +  175/45  ->  12  ft.  OH  in- 

Assume  an  increase  in  the  shell  thickness  of  1  in.  in  25  ft.     This  gives  a  bottom  thickness  of  11  in. 

It  will  not  be  necessary  to  analyse  a  section  25  ft.  from  the  top.  In  this  section  we  used  only  a  minimum 
amount  of  vertical  steel.  Round  bars,  H'in-  diameter,  spaced  18  in.  apart,  is  a  reasonable  minimum.  Use  17-* 
yi-in.  round  bam. 

Section  50  ft.  From  Top: 

M^HXDaXPXj"  (50)(8.7)(20)(25)(12)  -  2,610.000  in. -lb. 

IF  -  H  X  J  X  (Di*  -  Di»)  X  150  =  (50) (0.785) [(8.67) «  -  (7.83)«1(150)  -  82.5001b. 

A  -  |<Di«  -  D»«)  -  14  sq.  ft.,  ^  2016  sq.  in. 


8  -  0.098(l>i»  -  ^)  -  21.4  ft.* 


.  .  ,        W       M       82.500   ,  2.610.000  ^,  ^   ^a        .,i  lu  •      / 

/.(max.)  -  J-  +  -5  -  -gofe"  +  (21.4)  (12)Tl2)~a2) "  41  +  70  -  111  lb.  per  sq.  m.  (compression). 

/.  (compression)  -  (15)(111)  -  1500  lb.,  approximately.'  Allowable  /•  (tension)  -  16,000  -  1500  -  14,500  lb. 
/*  (min.)  —  41  —  70  —  29  lb.  per  sq.  in.  (tension). 

(2016) (29)       ^^„        .  «,        ,^  .  ,. 

i4,  -  — 77-^Vi7r^  "  4.02  sq.  m.  -  21  —  H-m-  round  bars. 

14,o0U 
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Detailed  oaloulationa  will  not  be  given  for  the  sections  75  ft.,  100  ft.,  and  125  ft.  below  the  top. 

are  as  follows: 

Section  75  ft. — compression  max.  ->  156,  tension  max.  «  34 — steel  —  29  —  H-in.  round  bars. 

Section  100  ft. — compression  max.  ■-  208,  tension  max.  -■  44 — steel  *  28  —  ^-in.  round  bars. 

Section  125  ft. — compression  max.  -■.281,  tension  max.  ->  77 — steel  -■  42  —  H'ii>>  round  ban. 

Section  at  150  fl.  From  Top: 

M  -  (150)C9.S3)(20)(75)(12)  -  26,500,000  jn.-lb. 

W  -  (150)(0.785)((9.83)*  -  (8.67)«K150)  -  380,000  lb. 

A    -  21.5  sq.  ft.  «■  3100  sq.  in. 

■^  73* 

(0.098)  -  68  ft.» 


Thereralt 


S 


-  (iTi'- 


11.4 


/«  (max.)  -*  123  +  225  ->  348  lb.  (compression).    /«  (min.)  -*  102  lb.  (tension) 
/a  (compression)  ->  4500  lb.  (approx.).    /•  (tension)  ->  11,500  lb. 

^      /*  .^  (102)  (3100)  ^A  TV  AX. 

Aa  (tension)  ■■  — ^.  -qq —  —  27.5  sq.  m.  —  46  —  yi-in.  round  bars. 

The  section  150  ft.  from  the  top  is  at  the  upper  side  of  the  breech  opening.     We  must  consider  a  section  at  the 
lower  side  of  this  opening  in  order  to  provide  the  necessary  strength  at  this  opening. 

Section  at  160  ft.  From  Tov: 

M  -  (160)(9.9)(20)(80)(12)-  30,300,000 
in.-lb. 

W  -  (160)(0.785)[(9.9)«-(8.65)«K150)- 
433.000  lb. 

If  no  breech  opening  were  cut,  we  would 
have 

A    -  23  sq.  ft.  -  3310  sq.  in.     5  -  75. 

ft   (max.)  B  366   lb.    (compression).    /« 
(min.)  -■  104  lb.  (tension). 

.4*  (tension)  «  30  sq.  in. 

For  the  sake  of  economy  it  is  desirable 
to  avoid  introducing  buttresses  at  the  edge 


Fia.  484. 
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of  the  breech  opening.     We  will,  therefore,  proceed  to  find  the  section  modulus  of  the  chimney  section.  Fig.  484. 
J  of  complete  section  without  breech  about  axis  A- A  »  0.0491  (di<  —  ds«)  »  438  ft.' 
1  of  portion  removed  for  breeching  about  A-A  ■■  (5)(0.9)(5.1)«  approx.  -  117  ft.» 

Then 

1  of  chimney  section  at  breech  <q>ening  about  A-A  —  438  —  117  «-  321  ft.» 

Now  find  the  center  of  gravity  of  the  section  by  trial.     It  will  be  found  to  be  about  1  ft.  0  in.  from  il~il.     Thai 

/  of  section  about  BB  (axis  through  center  of  gravity)  »  321  +  (18.5)(1.0)s  -  339.5  ft.«   - 


S  -> 


339.5 
6.7 


-  50.7 


/.  (max.)  - 


433,000 
(18.5)  (144) 


+ 


30  300  000 
(607)Tl2)7l44)  ""  ^^^  "*"  ^^®  "  ^^  ^'  (<JO™P'***on)   /•  (min.) -184  lb.  (tancioD) 

A  +  Pin  -  1)/.  -  A(max.) 
400  +  (P14)(400)  -  508 

(P14)(400)  -  508  -  400 

108 

-  0.0193  or  1.93%. 


66 — 1-in.  round  ban. 


5600 

A,  (compression)  -  (18.5)(144)(1.93)  -  52  sq.  in. 
/•  (compression)  -  (400)(15)  -  6000  lb. 
/•  (tension)  -  10,000  lb. 

A    f.       •      ^        (184)a8.5)(144)        ^.  . 

A,  (tension)  =  fo  000 "        ^'  *°* 

The  amount  of  compression  steel  required,  namely,  52  sq.  in.,  is  greater  than  the  amount  of  tension  steel,  and 
we  will  therefore  use  66-1-in.  lound  bars.  Had  the  width  of  the  breech  opening  been  a  greater  proportion  of  tne 
width  of  the  stack  we  might  have  found  that  the  concrete  stress  developed  was  too  high  to  permit  of  our  introducing 
sufficient  compression  reinforcement  to  keep  the  actual  concrete  stress  within  the  stress  specified. 

In  Fig.  485  are  illustrated  methods  of  increasing  the  section  modulus  at  the  breech  opening.  The  first  thing 
to  be  done  would  be  to  increase  the  thickness  of  the  outer  shell  by  an  amount  of  from  1  to  3  in.  This  thickening 
should  be  carried  about  5  ft.  above  and  below  the  breech  opening.  If  increasing  the  outer  shell  tnickness  by  a 
maximum  of  about  30  %  is  not  sufficient,  the  buttresses  marked  C  should  next  be  added  and,  in  case  even  this  is 
inadequate,  the  buttresses  marked  D  should  be  added.  Where  buttresses  are  added,  the  designer  should  distribute 
the  reinforcing  steel  throughout  the  section  so  that  in  each  portion  the  same  percentage  of  steel  is  used. 

Section  at  175  ft.  From  Top: 

M  -  37,000.000  in.-lb. 

Compression  max.  -■  402  lb.,  tension  max.  —  116  lb.     Steel  49-1-in.  round  ban. 

Temperature  Reinforcement. — The  design  of  the  temperature  reinforcement  is  at  present  left  more  or  less  to 
experience.  The  use  of  either  rings  of  reinforcing  bars  or  mesh  is  usual.  In  this  design,  and  in  fact  for  any  ordinary 
concrete  stack,  a  mesh  weighing  Ko  lb.  per  sq.  ft.  is  satisafactory.     In  addition  to  this,  H-ic.  ban,  4  or  5  in.  on 
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tin,  aluiiild  b»  uwd  for  >  diituiM  G  It.  below  the  top,  pUoed  horiioatAlly.  We  ahould  ftbo  hav«  sane  ■imilu'  rodi 
wbara  tbare  i>  any  material  ohBnge  io  the  Hctiao.  In  tfaig  etulc  the.tspsr  ii  itnisht  trom  top  to  bottom,  but  »ma 
ue  buHt  cyUndrif*],  with  u  offtet.  We  iliaulil  sl>o  iutroduu  tbn*  eitia  hoiiioulal  ban  of  the  um«  hIh  as  the 
wlieal  ban  above  and  below  tba  breach  openini,  and  in  additioD  K-in.  bara,  4  or  S  in.  on  cecCera,  lor  a  distance  of 
i  ft.  above  and  below  the  openinc.  II  these  ringa  are  made  iu  two  parti,  the  ends  of  the  roda  aUould  be  lapped  a 
diatance  auSdent  to  develop  their  >treii(ta  in  taniion.     The  lapt  >faDu]d  be  eitsgend  aroODd  the  chitoDay, 


.8A«ir.— Shear  will  eeldom  effect  the  deaim  of  a  aUek.     It  ti  well  to  Inveatiote  a  aeetlon  at  the  bottom  and 
throuch  the  breeoh  opening.     Taking  a  section  160  It,  from  the  top,  we  have 
Total  wind  load  -  (160)(e.B)(aO)  -  31.700  lb. 
lb,  per  aq.  In. 


^-10  lb. 


"•"^  "    il8.SJ(144) 
And  at  the  base 

iik„        U75)(l0.1)(an) 
ShMF ^^ 

Detign  of  Founiatiiin. — A  chimney  toundatios  should  be  buHt  ocUaona]  oreiroular  in  plan.  A  aquaretoo 
prDdnees  laeh  a  bich  toe  prenure  at  the  comers  when  the  wind  ii  blowing  on  the  diagonal  of  the  tooting  that 
ahapa  b  oudairable.  The  bearing  preasure  on  the  atril  should  be  lower  than  one  would  ,uae  on  the  saDie  soil  [> 
iMul  ol  practicaUr  cooataot  amouDt.  In  this  oaea  we  will  UM  a  maiimum  presure  of  4000  lb.  per 
ooting  deaign  for  all  ehimneya  la  practically  the  same.     In  the  case  ol  the  iteel  stack  the  weiEht  ol 
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il  weishi  kt  top  o(  lootinc  - 


idim  of  AHch  Opening 


-£ta!eL ^ 

—  *«' — ^ 

<^^ — A 


D'lrf  Btnt  Bom  AantO 


Detarteof-Fbof-ingandBaaaof  Stock 


Puts  2. 

Ttas  ksm  of  ■  drculu  tootinc  boi  s  ndiui  equal  lo  one-fourth  ol  tbe  ndiiu  of  ths  footing.  AIh.  tb»  toe  proiuni 
is  *i>proiimatclf  twine  the  nversgc  preegure.  Now,  we  eim  spptoiimmle  the  weight  of  the  eMth  BUinK  ind  fnatinc. 
AMume  600  lb.  per  *q.  ft.  Then  the  ■ta»  of  the  footing  will  be  ■pproiimatel]'  jnno  '_  gnn  ^  ^  "  ^'  *'■  '*■  "■ 
oDoatkgoa  haviagn  width  of  21  ft.  Sin.,  ot  n  drckhaviaga  diameter  of  22  ft.  Oin.  We  may  take  the  ladiua  of  the 
kers,  than,  aa  2  ft.  0  In.  To  avoid  the  neiative  praauie  at  any  point  in  the  baae,  the  cceentdcity  muit  not  exceed 
2  ft.  »  in.  Taking  our  as^umad  toatloi  uid  covet  oD  eainG  M  BOO  lb.  per  sq.  ft.,  we  h>n  a  toUl  load  -  238.000  lb. 
Bo  Uia  totd  load  et  the  bottom  of  footing  -  S7e,000  lb.  Now  we  found  that  M  due  to  wind  -  37,000,000  ia.-n>. 
ao  the  eoeaatricity  e  ~  "R7A7^Mr~  ~  ^  ^^'  ^^^^^  ^  greater  than  the  maiimuia  sooantiidty  found  permlMihla,. 
We  muat,  therefore,  Ineieaie  the  area  of  the  footina.  or  inereaae  ita  weight,  or  both.  AMume  700  Tb.  per  aq.  ft. 
for  footJDg  and  cover,  and  Cake  arai  •  EOO  aq.  ft.     Then  weight  of  footing  -  SSO.OOO,  e  -  87  In.,  and  SOD  aq.  ft. 
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siv«t  an  octagonal  footing  of  24  ft.  6  in.  X  24  ft.  6  in.  With  this  aise  no  negative  preaeure  ocoun.  If  the  bottom 
eourae  is  made  3  ft.  thick,  we  have  a  weight  of  450  lb.  per  sq.  ft.  so  we  must  have  2H  ft*  of  earth  above  the  bottom 
couree  to  obtain  a  total  of  700  lb.  as  assumed. 

Depth  for  punching  shear  at  120  lb.  per  sq.  in.  at  edge  of  shaft  * 

495.000  X  2 
(«•)  (12)  (12)  (120)  "  ^^'^  "*• 

The  depth  assumed  gives  a  maximum  of  60  lb.  per  sq.  in. 

The  footing  will  bo  reinforced  witn  4  bands  of  steel  similar  to  the  one  indicated.    The  moment  at  the  eenter 

of  the  section  of  stack  wall  bounded  by  abe  is  the  moment  of  the  soil  pressure  due  to  stack  load  on  the  figure  aJbde 

(648,000  +  350,000) 
about  the  line  de.    Now  at  ab  we  have  a  maximum  pressure  of  2  X ^qq «  4(X)0  lb.  (approx.) 

and  since  the  weight  of  the  footing  and  fill  amount  to  700  lb.,  the  imbalanced  upward  pressure  is  3300  lb.  per  sq.  ft. 
at  line  ab.  We  find  by  proportions  that  the  upward  pressure  at  dt  is  2350  lb.  and  the  length  of  de  is  4.35  ft.  Also 
cf  «  5.25  ft.  and  eg  -  12.25  ft.  and  a6  -  10.2  ft. 

Af  at  ed  -  (2350)(4.35)(7.0)(42)  ->  3,000.000  in.-lb.     (JIf  of  area  edhk  at  2350  lb.) 

+  (>^)(050)(4.35)(7.0)(56)  ->  810.000     (M  of  area  edhk  at  950  lb.  at  ah), 

-1-  (2)(2350)(H)(7.0)(2.92)(56)  -  1.750.000     (Af  of  area  aeh  and  dhk  at  2350  lb.) 

820  000 
+  (2)(950)(X)(2.92)(7.0)(63)  -  q  33Q  qqo     <-*'  ^^  "«»  ^^  ^^  ^**  **  ®^  ^^'  »*  «^>- 

For/t  «  16,000;  /«  *-  650;  and  n  -  15 

d  »  31  in.     h  required  ->  62  in. 

The  depth  is  satisfactory,  A«  *  14.7  sq.  in.     Use  19  —  1-in.  round  bars  in  each  band. 

The  stack  is  not  large  enough  to  cause  any  upward  bending  at  C  (Fig.  486) 
and  so  we  will  have  no  reinforcing  in  the  top  of  the  slab.  We  previously 
foimd  that  we  required  49  —  1-in.  round  bars  at  the  base  of  the  stack.  These 
must  be  carried  a  sufficient  distance  into  the  foundation  to  develop  their  strength, 
^nce  we  have  a  depth  of  footing  of  only  3  ft.,  we  must  hook  these  bars  as  indi- 
cated.   Total  upward  pressure  on  line  ed  a  130,000  lb.    For  40  lb.  shear,  width 

130  000 
required  -■  ,„,l,^n\  "*  105  in.    This  is  much  less  than  the  stack  diameter  so  we 
(31)  (40) 

need  not  further  provide  for  diagonal  tension.     All- vertical  steel  in  the  stack 
should  be  lapped  a  sufficient  distance  to  develop  its  strength  in   bond,   ^t  a 
■  bond  stress  of  80  lb.  per  sq.  in.,  a  lap  or  imbedment  of  50  diameters  is  re- 
quired.    The  lap  in  the  bars  must  not  all  be  made  at  any  one  section  in  the  p^^   ^g^^ 
stack.     Good   practice  is  to  lap  half  of  the  bars  at  any  section  as  indicated. 

Some  steel  should  be  placed  diagonally  across  the  corners  of  the  breech  opening  as  illustrated.  Two  rods  of  the 
same  sise  as  the  vertical  steel  is  sufficient. 


S96c.  Steel  Stacks. — It  was  pointed  out  previously  that  the  sum  of  the  com- 
pressive and  tensile  stresses  in  the  steel  must  not  exceed  the  allowable  stress  of  16,000  lb.  per 
sq.  in.  In  stack  design  it  will  be  found  satisfactory  to  use  a  stress  of  10,000  lb.  per  sq.  in.  on 
the  net  section  (rivet  holes  deducted)  as  this  will  result  in  a  compression  of  only  about  6000 
lb.  on  the  gross  section. 

Assuming  a  joint  efficiency  of  60  %  the  design  would  resolve  itself  into  designing  the  stack 
with  100  %  efficiency  in  the  joints  and  using  /«  =  6000  lb.  on  both  the  tension  and  compression 
sides.     Similarly  with  an  efficiency  of  80  %/,  becomes  7100  lb. 

The  design  for  the  stack  must  be  such  that  it  will  maintain  its  form  against  the  tendency 
of  the  wind  to  flatten  it.  It  must  also  be  prepared  so  that  the  stresses  resulting  from  combined 
bending  and  direct  load  are  within  the  above  limits. 

Unless  the  stack  is  lined  to  the  top  and  the  lining  carried  on  shelf  angles,  the  dead  weight 
of  the  stack  itself  may  be  omitted  from  the  strength  calculations. 

Steel  stacks  are  built  cylindrical  except  for  a  section  at  the  base  which  is  made  conical. 
It  is  desirable  for  the  sake  of  economy  to  keep  the  breech  opening  above  the  conical  portion. 
The  sides  of  the  breech  opening  must  be  reinforced  with  plates  and  angles  to  make  up  for  the 
portion  cut  away,  just  as  in  the  case  of  the  concrete  stack.  The  stack  is  set  upon  a  cast-iron 
base  in  most  cases  and  rigidly  bolted  down  to  the  foundation  by  means  of  a  series  of  bolts.  A 
stress  of  12,000  lb.  per  sq.  in.  may  be  used  on  the  net  section  of  these  bolts.  It  is  good  practice 
to  add  from  y^  to  y^m.  to  the  theoretical  diameter  to  allow  for  corrosion.  A  large  cast-iron 
washer  is  embedded  in  the  foundation  at  the  end  of  each  bolt.  The  washer  or  bearing  plate 
should  be  of  such  size  that  its  area  in  contact  with  the  concrete  does  not  produce  a  bearing 
stress  in  excess  of  400  lb.  per  sq.  in.     To  prevent  leakage  through  the  stack  joints,  the  rivet 
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spacing  should  not  exceed  ten  times  the  plate  thickness.  With  this  spacing  and  well  driven 
rivets,  it  is  not  usually  necessary  to  calk  the  joints.  Plating  less  than  H  ii^*  ^^  thickness  should 
not  be  used.     In  fact,  it  is  poor  economy  to  use  plate  as  thin  as  that  on  account  of  deterioration 

due  to  rust. 

Dt* 
Design  Formulas.— The  section  modulus  S  «=  0.0d8(Di»  -  -^).      Now  D,  =  Di  -  2£, 

where  t  =«  thickness  of  metal.     Consequently 

(Di*  -  SDiH  +  24Z>i«<*  -  32Z>,<»  +  16^*) 


S  -0.098  Di»  - 


Di 


The  values  of  t*j  t*j  and  t*  are  so  small  that  we  may  write  this  equation 

S  =  0.098  (Z>i»  -  Di»  +  SDiH)  =  0.784Z>i«« 

Omitting  the  dead  load 

M  =f8  ^  (6000)  (0.784)  (D,)*  (t) 

M 


t 


and  using  a  20-lb.  wind  pressure 


(4704)(Z)i)»(12)« 


5C45Di 
where  Di  is  the  diameter  in  feet,  H  the  height  in  feet,  and  t  the  thickness  in  inches. 

Table  op  Plate  Thickness  fob  Chimneys  Based  on  20-Pound  Wind  Pbessure 

ON  Projected  Area — ^Joint  EfficieN'ct  60% 


Height 

• 

Diameter 

5'0" 

6'0" 

7'0" 

8'0" 

9'0" 

ICO" 

11' 0" 

12' 0" 

13' 0" 

14'  0" 

15' 0" 

50 

0.09 

0.074 

60 

0.127 

0.106 

0.09 

70 

0.174 

0.144 

0.124 

0.108 

80 

0.227 

0.19 

0.162 

0.142 

0.126 

90 

0.287 

0.239 

0.205 

0.179 

0.160 

0.144 

100 

0.355 

0.295 

0.25^ 

0.220 

0.196 

0.176 

0.16 

110 

0.43 

0.357 

0.306 

0.258 

0.238 

0.214 

0.195 

120 

0.508 

0.424 

0.363 

0.318 

0.283 

0.255 

0.232 

130 

0.60 

0.498 

0.427 

0.375 

0.332 

0.299 

0.272 

0.25 

140 

0.693 

0.58 

0.496 

0.433 

0.386 

0.347 

0.315 

0.29 

0.267 

150 

0.795 

0.662 

0.568 

0.498 

0.443 

0.398 

0.362 

0.332 

0.307 

0.284 

160 

0.905 

0.752 

0.646 

0.565 

0.503 

0,453 

0.412 

0.378 

0.348 

0.324 

0.302 

170 

0.85 

0.73 

0.638 

0.566 

0.51 

0.463 

0.425 

0.393 

0.364 

0.34 

180 

0.82 

0.716 

0.635 

0.572 

0.52 

0.476 

0.44 

0.409 

0.382 

190 

0.796 

0.706 

0.638 

0.58 

0.53 

0.49 

0.455 

0.425 

200 

•  •  •  •  • 

0.788 

0.71 

0.645 

0.592 

0.545 

0.506 

0.472 

For  a  joint  efficiency  of  80  %  use  ^  of  values  given  above. 

Bearing  on  shop  driven  rivets  may  be  taken  as  25,000  lb.  per  sq.  in. — afield,  20,000  lb.  per  sq.  in. 
Shear  on  shop  driven  rivets  may  be  taken  as  12,000  lb.  per  sq.  in. — field,  10,000  lb.  per  sq.  in. 

The  total  tension  or  compression  per  linear  foot  in  the  stack  «  (6000)  (0  (12),  From 
this  we  can  determine  the  spacing  and  size  of  rivets  necessary. 

Let  Db  denote  the  diameter  of  the  center  line  of  the  holding  down  bolts,  n  the  number  of 
bolts,  and  d  their  diameter;  then  the  size  and  number  of  bolts  may  be  determined  from  the 
formula: 


'^'=a6l57.('^-S) 


Assuming  a  convenient  number  of  bolts  n,  then  dj  the  bolt  diameter,  can  be  found.     The  de- 
signer must  then  add  for  the  depth  of  thread  and  also  add  3^  in.  to  allow  for  corrosion. 
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Whiere/i  =  12,000  lb.,  the  above  formula  becomes 


^80V^       Z>6/ 


7380 

296d.  Guyed  Steel  Stacks. — Guyed  steel  stacks  are  designed  to  act  as  beams 
spanning  between  the  base  and  the  collar  to  which  the  guy  wires  are  attached.  The  moment 
due  to  the  cantilever  action  of  the  stack  above  the  collar  should  be  taken  into  account.  Having 
found  the  maximum  bending  moments,  apply  the  formula  for  the  thickness  of  the  plates 

(4704)(Di)«(144) 

The  guys  are  usually  attached  at  one-third  of  the  height  from  the  top.    The  collar  to  which 
the  guys  are  attached  should  be  stiff  enough  to  withstand  the  tendency  to  buckle. 

The  guy  wires  will  be  designed  to  take  the  entire  wind  reaction  at  the  collar.  The  maxi- 
mimi  pull  on  a  guy  will  occur  when  the  wind  blows  directly  along  it.  With  the  guys  attached 
one-third  H  from  the  top,  the  reaction  at  the  collar  becomes 

0.75DPH 
So  the  pull  on  any  guy  wire  becomes 

0.76DPH  sec  a 

where  a  is  the  angle  the  guy  makes  with  the  horizontal. 

The  foundation  must  be  made  large  enough  to  take  the  vertical  component  of  the  tension 
on  a  guy  in  addition  to  the  chimney  weight. 

S06e.  Ladders. — Permanent  ladders  must  be  built  into  all  large  chimneys. 
They  are  placed  on  the  outside.  In  the  case  of  some  guyed  steel  stacks  the  ladder  is  omitted 
but  a  pulley  is  attached  to  the  top  and  a  steel  cable  left  in  place  so  that  a  painter  can  pull 
himself  up. 

296/.  Lightning  Conductors. — ^AU  self-supporting  stacks  should  have  a  first 
class  lightning  conductor  installed  upon  them. 


DOMES 
By  Richard  G.  Doerflino 

297.  Definitions. — In  a  statical  sense,  and  in  contradistinction  to  plane  structures  like 
girders,  trusses,  and  arches,  where  all  external  and  internal  forces  are  assumed  to  act  within 
a  plane,  domes  may  be  defined  as  space  structures.  Similar  to  plane  structures,  such  struc- 
tures may  be  divided  into  soHd  and  framed  domes. 

Solid  domes  are  curved  shells  of  stone  masonry,  plain  concrete,  reinforced  concrete,  or 
riveted  steel  plate,  while  framed  domes  consist  of  compression  and  tension  members  either 
curved  to  the  form  of  a  shell  and  supporting  a  roof  cover,  or  straight  between  panel  points,  but 
all  panel  points  upon  a  curved  shell  surface.  Framed  domes  may  be  built  of  timber,  steel,  or 
reinforced  concrete. 

Generally  a  surface  of  revolution  is  chosen  as  the  dome  surface,  generated  by  a  straight 
line  or  a  curve  revolving  about  a  vertical  axis.  A  straight  line  will  thus  generate  a  conical 
surface,  an  arc  of  a  circle  a  spherical  surface,  and  a  quadrant  of  an  ellipse  a  spheroidal  sur- 
face. Other  generating  curves  employed  are  the  cubical  parabola  for  economy  in  design  and 
reversed  curves,  like  the  ogee  and  similar  ones,  for  architectural  reasons.  All  horizontal 
sections  of  domes  of  revolution  are  either  circles  or  regular  polygons;  but  domes  have  been  built 
sometimes  elliptical  in  plan  and  may  indeed  be  built  irregular  in  shape  and  simply  defined  as 
solid  shells  and  framed  polyhedrons. 

298.  Loads. 

298a.  "Wind  Pressure. — The  wind  pressure  p  upon  a  plane  surface,  at  right  an- 
gles to  the  direction  of  the  wind,  is  taken  generally  as  from  20  to  30  lb.  per  sq.  ft.     For  any 
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inclination  between  the  surface  and  direction  of  the  wind,  p  may  be  dissolved  into  two  compo- 
nentSy  normal  and  parallel  to  the  surface  and,  with  friction  between  surface  and  wind  equal  to 
zero,  it  is  only  the  normal  component  which  acts  as  a  load  upon  the  surface.  The  relation 
between  p,  its  normal  component  n,  and  the  angle  of  inclination  i,  has  been  given  differently 
by  different  experimenters,  the  simplest  one,  apparently  the  most  rational,  and  the  one  mostly 
employed  is  that  by  F.  v.  £x>es8l,  namely: 


n 


p  sin  % 


It  has  also  been  observed  and  well  established  that  the  direction  of  wind  may  vary  from  a 
horizontal  as  much  as  10  deg.,  and  while  such  increase  in  t  would  affect  the  pressure  upon  verti- 
cal and  steeply  inclined  surfaces  but  slightly,  it  will  gain  in  importance  as  the  inclined  surface 
approaches  the  horizontal.  Fig.  487  gives  the  normal  components  of  ^="20  lb.  for  9  divisions 
of  a  quadrant,  and  the  following  tabulation  gives  these  values  of  n  for  surfaces  of  different  slope: 


For  a  slope  =    J^ 

16.4 


n 


H      H      H     H    }^    H    H    Ho 

13.8    11.9    10.5    9.5    8.8    8.1    7.6    7.3 


2986.  Snow  Load. — If  s  is  the  snow  load  in  pounds  per  square  foot  upon  a 
horizontal  surface,  then  the  snow  load  per  square  foot  upon  a  surface  inclined  at  an  angle  v  to 
the  horizontal  is: 

«'  =  «  cos  V 

For  8  -  20  lb.  and  v  ==  40  deg.   30  deg.   20  deg.   10  deg.  0  deg. 


8'  =  15.3       '  17.3        18.8        19.7 


20.0 


Fig.  487. — Distribution  of  wind  proMure. 


For  V  greater  than  40  deg.,  snow  will  surely 
slide  off  and  need  not  be  considered. 

S98c.  Wind  and  Snow  Loads. — 
If  separate  calculations  for  wind  and  snow  are 
not  made,  it  is  customary  instead  to  consider  a 
vertical  live  load  of  from  20  to  30  lb.  per  sq.  ft. 
of  roof  surface. 

298c{.  Dead  Loads. — Framed 
domes  of  timber  or  steel  with  tar  and  gravel 
roofing  will  weigh  from  10  to  15  lb.  per  sq.  ft.; 
framed  domes  of  steel  or  reinforced  concrete, 
with  2J^  in.  concrete  cover,  from  40  to  50  lb. 
per  sq.  ft.  A  plastered  ceiling  will  add  about 
10  lb.  to  these  loads.  After  a  preliminary 
design  the  actual  dead  load  may  be  very  closely  determined  and  the  size  of  all  members  cor- 
rected if  necessary. 

Solid  domes  of  reinforced  concrete  have  been  built  with  a  thickness  of  shell  from  H50  to 
Hoo  of  the  span,  with  a  minimum  thickness  of  2^  in.  The  thickness  is  generally  made  uniform 
throughout,  though  the  stresses  call  for  a  uniform  increase  in  thickness  from  the  crown  towards 
the  base. 

299.  Fraifted  Domes. — Though  admirable  domes  of  masonry  have  been  built  in  ancient 
timeSj  the  framed  dome,  with  all  its  structural  members  upon  a  mantle  surface,  is  an  invention 
of  modern  times.  The  crude  practice  of  constructing  a  dome  of  a  niunber  of  radially  placed 
trusses  has  not  entirely  vanished,  neither  the  mistaken  idea  of  designing  dome  ribs  like  arches. 
The  forces  acting  upon  a  dome  rib  are  non-coplanar,  though  for  the  sake  of  a  simple  analysis  it 
is  most  convenient  to  proceed  in  steps  from  a  coplanar  system  of  forces  to  the  forces  outside  the 
plane. 

The  structural  members  of  a  modern  dome  frame  are  the  meridian  ribs,  the  horizontal  rings 
or  belts,  and  the  diagonal  ties.  Their  typical  arrangement  is  shown  in  Fig.  488.  In  order  to 
avoid  ambiguity  of  stress  the  ribs  are  not  brought  together  at  the  crown  but  abut  against  a 
horizontal  ring,  termed  the  latern  ring,  though  it  need  not  necessarily  carry  a  lantern  as  indi- 
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cated  JD  the  figure.  The  lowest  ring  ia  termed  the  Wall  ring.  It  is  not  really  a  necessaiy  mem- 
ber of  the  dome  frame  but  introduced  to  counteract  the  horizontal  components  of  the  rib  stresses, 
leaving  all  wall  reactions  vertical,  each  equal  to  the  total  load  upon  the  rib  above  it. 

The  ribs  and  the  lantern  ring  are  under  maximum  compression,  and  the  wall  ring  under 
maximum  tension,  when  the  dome  carries  its  maximum  loads.  Any  intermediate  ring  is  under 
maximum  tension  (or  minimum  compression)  when  the  part  of  the  dome  inside  the  ring  carries 
its  maximum  load  while  the  ring  itself  carries  its  minimum  load.  It  is  under  maximum  com- 
pression (or  minimum  tension)  when  this  condition  of  loading  is  reversed.  This  is  readily 
understood  when  considering  that  in  the  former  case  the  ring  receives  its  maximum  outward 
push,  increasing  tension  or  reducing  compression,  while  in  the  latter  case  it  receives  its 
maximum  iijward  push,  increasing  compression  or  reducing  tension  (see  Figs.  492  and  493). 

Any  diagonal  cross  tie  finally  must  cany  the  diagonal  component  of  the  difference  between 
the  stresses  of  the  ribs  to  the  right  and  left  of  it  Hence,  the  possible  maximum  difference  be- 
tween two  adjacent  rib  stresses  determines  the  maximum  tension  of  the  compensatii^  diagonal. 
This  maximum  difference  in  rib  stresses  is  found  generally  in  the  dome  panels  parallel  to  the 
direction  of  the  wind,  assuredly  so  under  the  somewhat  severe 
assumption  that  the  windward  rib  carries  snow  and  wind  while 
the  leeward  rib  carries  neither. 

All  loads  are  assumed  to  be  concentrated  at  the  panel 
points  and  the  contributory  load  area  for  any  panel  point  is 
determined  by  the  dimensions  to  midway  between  adjacent ' 
panel  points,  as  indicated  by  the  hatched  areas  in  Fig.  488. 
The  weight  of  a  lantern  is  carried  by  the  panel  points  of  the 
lantern  ring  while  the  loads  upon  the  lower  halves  of  the  lowest 
ribs  are  carried  directly  to  the  points  of  support. 

The  stresses  determined  by  the  foUowing  methods  are 
compressive  and  tensile  stresses  for  members  straight  between 
panel  points.  For  curved  membera  a  bending  moment  equal 
to  the  axial  stress  F  times  the  rise  of  curve  must  be  considered, 

and  if  the  members  act  also  as  supporting  beams  for  purlins    Fio.  i8S.-;-Plu  ud  eioration  of 
or  rafters,  as  they  mostly  do,  the  bending  moment  due  to  such  '^"*    "'"*  ""^ 

beam  action  furnishes  another  component  of  stress.  For  rings  in  tension  the  sum  of  these  two 
bending  moments  make  up  the  resulting  moment  M,  for  rings  in  compression  their  difference, 
giving  for  the  final  design  of  a  curved  member  a  unit  fiber  stress  of 

This  formula  applies  also  to  straight  members  with  M  due  to  beam  action  only.  For  a  rela- 
Uvely  long  member,  the  bending  moment  due  to  its  own  weight  may  be  important  enough  for 
consideration. 

Though  stress  theory  ia  baaed  on  freely  turning  joints,  it  ia  well  to  aim  at  rigidity  of  joints 
and  provide  a  liberal  amo\int  of  continuity  across  the  panel  points  in  both  directions.  Such 
departure  from  theoretic  assumption  ia,  in  this  case,  on  the  aide  of  safety. 

S99a.  Stress  Diagrams. — Let  Fig.  489  represent  a  dome  rib  with  panel  loads 
Pi,  Pi,  Pi,  Ft,  and  wall  reaction  Pi-t.  Assume  auxiliary  horizontal  forces  Hi  to  H^  acting  at 
the  panel  points  I  to  5  in  the  meridian  plane  of  the  dome  rib,  ao  that  all  forces  immediately  con- 
sidered are  coplanar.  The  lower  part  of  the  stress  diagram  can  now  be  drawn  in  the  usual  way. 
Beginning  with  the  3  forces  at  panel  point  1,  draw  the  force  triangle  PiR,lIi.  Proceeding  to 
panel  point  2,  draw  RtHt  and  so  on,  until  the  rib  stresses  Ri  to  Ri  and  the  auxiliary  forces  H, 
to  Hi  have  been  determined.  Hi  being  the  sum  of  H:  to  Ht,  or  the  closing  line  of  the  force  tri- 
angle for  panel  point  6.  All  that  remains  now  ia  to  resolve  each  one  of  the  auxiliary  forces  H 
into  its  two  component  rings  or  belt  stresses  B  which  is  done  in  the  upper  part  of  the  diagram, 
the  plan  of  the  dome  furnishii^  the  direction  of  the  fi-linea. 

Since  the  angle  bstween  the  B-linea  is  often  quite  acute,  the  ^-stresses  may  as  well  be  de- 
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tennined  by  simple  computation.    Thus  let  h  be  the  length  of  any  B-member  and  h  its  horizontal 
distance  from  the  center  of  the  dome,  then,  by  similar  triangles, 


B^ 
U 


^orBi 


H  * 


Bt^Ht 


Stress  Diagram 


Fig.  489. — ^Plan  and  elevation  of  dome  rib. 


b 

etc. 


(3) 


FiQ.  490. — Maximum  rib  stresses  and  nrufcTim^ni  H 
for  lantern  and  wall  ring. 


/77//JU^i 


A  diagram  like  Fig.  489  drawn  for  maximum  dead  and  live  loads  will  furnish  the  maximum 
stresses  for  the  dome  ribs,  the  lantern  ring,  and  the  wall  ring.  Fig.  490  is  another  stress  diagram 
for  these  3  principal  stresses,  and  though  different  in  form  from  Fig.  489,  it  needs  no  further 
explanation. 

The  sense  or  stress  in  dome  ribs  and  lantern  ring  is  always  compressive,  that  of  the  wall 

ring  is  always  tensile.  The  stresses  of 
the  intermediate  rings,  however,  may  be 
either  compression  or  tension  according 
to  the  distribution  of  load,  shape  of 
dome,  or  position  of  ring.  Fig.  491 
shows  diagrams  for  determining  max- 
imum compression  and  maximum  ten- 
sion in  these  rings  and  are  self-explana- 
tory. A  maximum  difference  between 
any  belt  load  and  the  loads  inside  the 
belt  IB  sometimes  caused  by  snow,  but  it 
is  well  to  consider  that  during  construc- 
tion, a  roof  covering  (slate,  for  instance) 
may  be  put  on  either  from  wall  ring  up 
towards  the  crown  or  inversely,  and  in 
the  same  way  the  mode  of  construction 
of  a  plastered  ceiling  may  furnish  the 
critical  case  for  maximum  stresses  in 
intermediate  rings.  Fig.  491  might  be 
combined  into  one  diagram,  but  the 
multiplicity  of  lines  would  be  somewhat 
confusing. 

The  maximum  difference  in  panel 
loads  between  adjacent  panel  points,  as 
is  readily  seen,  will  be  given  by  a  loading  reaching  to  midway  between  such  points.  One  panel 
point  is  carrying  then  K  X  M  =  J^  of  a  full  panel  load  and  the  other  H  +  H  X  ^  =  J6, 
giving  a  difference  of  Ji  panel  load.  It  is  generally  assumed,  however,  that  one  panel  point 
may  carry  a  full  live  load  while  the  adjacent  one  carries  none.     On  this  assumption,  stress 


7r?axJ^ 


whif^ 


max.f^'' 


HKOCfL 


m'm.fi 


Max.  compression  in  intermed-    Max.  tension  in  intermediate 
late  rings.  rings. 

Fia.   491. 
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diagTftnifl  like  Figs.  492  and  493  may  be  drawn  giving  maximum  H  for  live  load  ring  tension 
and  ring  compression.  These  must  be  combined  with  H  for  total  loads,  Fig.  489,  in  order  to 
obtain  the  tbtal  maximum  which  was  obtained  directly  by  Fig.  491.  The  stress  7  in  a  diagonal 
tie  is  a  maximum  where  the  difference  between  two  adjacent  rib  stresses  is  a  maximum.  This 
critical  case  of  maximum  difference  may  occur  during  construction  while  a  nx^  cover  pr 
plastered  ceiling  is  carried  gradually  aroimd  the  frame;  it  may  be  furnished  by  a  one-sided 
snow  load,  by  wind,  or  by  snow  and  wind.  The  maximimi  load  difference  for  two  adjacent 
ribs  due  to  one-sided  roof  cover,  plastered  ceiling,  or  snow,  is  a  ^  panel  load  as  before. 


Max.  outward 
push  on  n. 


Max.  H  for 
live  load  ring 
tension. 

FiQ.  492. 


Max.  inward 
push  on  n. 


Max.  H  for 
live-load  ring 
compresBion 

Fio.  493. 


The  maximum  wind  pressures  (as  given  in  Fig.  487)  decrease  horizontally  around  the  dome 
to  zero  where  the  panels  are  parallel  to  the  direction  of  the  wind.     Referring  to  Fig.  488 

n'  ^  n  sin  c 
or  referring  to  Formula  (1),  the  normal  wind  pressure  for  any  point  of  a  spherical  surface  is 

n'  »  p  sin  t  sin  c  (4) 

Designating  a  full  panel  wind  load  by  nA,  the  maximum  wind  load  difference  between  two  ad- 
jacent panel  points  is 

for  regular  polygjons  of  8  •  16  24  32  sides 

nearly  H  H  H  H  nA 


Pio.  494.— Max.  tie 
■trees  construction  upon 
dome  ^neb  developed. 


Fia.  495.— Wind 
stress  diagram. 


Fxo.  496. — Relative  stress  economy  due  to  difference 

in  form  only. 


Considering  that  wind  and  snow  will  hardly  be  a  maximum,  at  the  same  time,  it  seems  reason- 
able to  assume  the  maximum  difference  between  adjacent  rib  stresses  to  be  due  to  }4  live  load, 
or  J4  wind  and  snow  load  combined,  and  determine  the  maximum  tie  stresses  accordingly. 
This  may  be  done  by  projection  upon  the  dome  paneb  developed,  as  shown  in  Fig.  494,  or  by 
simple  computation  thus:  If  f  be  the  length  of  a  diagonal  tie  T,  r  the  length  of  the  adjacent 
ribs  R,  and  R'  the  stress  difference  between  them,  then  by  similar  triangles 


(6) 


max. 
max. 

T 
R' 

- 

1 
r 

or  max 

.  Tx 

= 

max. 

Ri' 

max. 

T^ 

^ 

max. 
etc. 

R,' 
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Fig.  495  gives  a  stress  diagram  for  wind  loads  normal  to  the  dome  surface,  while  Fig.  496  may 
illustrate  possible  economy  in  design  due  to  form  only,  span  and  rise  being  the  same  for  the 

three  dome  sections  shown.    The  panel  points  of  1  are  upon  a  cubical  parabola \K  =  —A ,  the 

panel  points  of  II  upon  a  circle,  and  those  of  III  upon  a  straight  line.  The  three  stress  diagrams, 
I',  II',  and  III',  are  drawn  to  the  same  scale  and  for  the  same  dead  loads.  Comparing  stress 
diagram  I'  with  II',  shows  larger  stresses  for  lantern  ring  and  upper  rib  members,  smaller  stresses 
for  lower  rib  members  and  wall  ring,  and  zero  stress  for  intermediate  rings.  The  intermediate 
rings  will  be  stressed,  however,  by  variable  loads,  and  the  economical  advantage  of  I  over  II  is 
more  theoretical  than  real.  The  lack  in  economy  of  III  becomes  evident  by  comparison  with 
I  or  II.  For  a  practical  example,  the  location  of  the  panel  points  for  I,  Fig.  496,  may  be  com- 
puted as  follows: 

J  on 

Let  «  «  90  ft.  and  4-30  ft.,  then  y  =  TiX»  =  729000^*  "  0.0000412x«,  hence,  with  panel 
points  15  ft.  apart  horizontally 


yi  =  0.0000412  X  3,375  -  0.14  ft. 
y,  =  0.0000412  X  27,000  =  1.11  ft. 
y,  »  0.0000412  X  91,125  «  3.75  ft. 
y4  =  0.0000412  X  216,000  =  8.90  ft. 
y,  =  0.0000412  X  421,875  -  17.35  ft. 

Figs.  489  to  496  will  serve  to  show  that  graphical  methods  are  quite  general  in  application, 
giving  quick  results  for  any  form  of  dome,  convex  or  conical,  beU  shaped  or  onion  shaped.     By 

inverse  operation,  the  shape  of  a  dome  may  be  altered 
to  conform  to  a  desired  relation  or  result  of  stresses. 

2996.  Stress  Formulas. — Stress  formtilas 
for  domes  are  stated  generally  in  terms  of  trigonome- 
tric functions,  but  since  the  slope  angles,  or  their  func- 
tions, must  first  be  determined  by  operating  with 
dimensions,  or  by  scaling  upon  the  dome  drawing,  it 
seems  more  direct  and  more  convenient  for  the 
memory  to  give  these  formulas  in  terms  of  dimension 
^ . . , ^  . ,  .f . .  .^     or  li*^  ratios.     Slope  angle  functions,  however,  may 


H, 


*m 


I 
J 


I 


FiQ.  497. — Plan  and  elevation  of  dome  rib. 


be  readily  substituted  if  desired. 

Stress  formulas  for  the  intermediate  rings  will, 
for  choice  in  application  and  a  clearer  comprehension, 
be  given  in  two  forms:  (1)  for  direct  maximum  and 
minimum  values,  analogous  to  Fig.  491;  and  (2)  for 

total  loading  and  for  maximum  difference  between  adjacent  panel  loads,  analogous  to  Figs. 

489,  492,  and  493. 

Now  let  P  =  a  maximum  panel  load. 
D   ss  a  nominal  dead  load. 

L    =  a  nominal  live  load,  such,  that  at  any  one  time  P  —  D  ^  L  gives  the 
maximum  possible  difference  between  adjacent  panel  points. 

Pi_i  be  an  abbreviation  for  Pi  -f-  Pi. 

Pi-«  be  an  abbreviation  for  Pi  +  Pi  +  P|,  etc. 

ri  to  u  be  the  length  of  rib  members  Ri  to  R^. 

61  to  64  be  the  length  of  belt  members  Bi  to  Ba' 

ti  to  U  be  the  length  of  tie  members  Ti  to  Ta- 

pi  and  hi  be  the  vertical  and  horizontal  projection  of  fi,  etc. 

/io  be  the  horizontal  distance  from  center  of  dome  to  Bi. 

Hien  by  similar  triangles  throughout,  and  referring  to  Fig.  497,  all  formulas  may  be  written  as 
follows: 
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Rib  Stresses: 


— -  =  -—  or  iCi 
Pi      pi 


Pi 


Belt  Stresses: 


-^ -- or  H,-P, 
^  -45orB.  =H. 


1^4 


Pl-1 

Pi- 


Pt 
r4 

"pT 


(6) 


^i       6i 
max.  Bt  = 


min.  Ba  = 
max.  Bi  = 
min.  Bs^ 
max.  Bi  s 
min.  B4  = 


Pi^-(Pi  +  I>^)z^ 


p  ^1 


D.-:^-(Z).+P.)-r 


?; 


p» 


ft. 

bi 


-jf  =■  compression  in  lantern  ring    (7) 


fto 
A, 


I1 


P,_r^- (P.-.  +  D.)i7 
Z),_A'-(Di-,+P.)^ 

Pi-rr^-  (Pi-.  +  i>4) 


P4 
A4      ^0 


(Dl-,+P4) 
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ho 

61 

/to 

h 

ho 

b[ 


(8) 


Bi  =  Pi_4  —•=--«=  tension  in  wall  ring 

Pi     Ol 


(9) 


Tie  Stresses: 


Ti 


r     Ti      ti  J     tl 

L/1  ■—  •—  Li\  — 


pl   Ti 


Pl 

Ps 


(10) 


Positive  values  of  Formulas  (8)  mean  tension,  while  negative  values  mean  compression,  hence 
maximum  and  minimum  applies  in  an  algebraic  sense.  In  other  words:  a  maximum  is  either 
a  high  plus  value  (high  tension)  or  a  low  minus  value  Uow  compression),  while  a  minimum  is 
either  a  high  minus  value  (high  compression)  or  a  low  plus  value  (low  tension).  Note  that  a 
load  at  any  panel  point  does  not  influence  the  stress  in  any  member  above  it,  and  that  the  formu- 
las for  maximum  B  are  the  same  as  for  minimum  B  except  that  P  and  D  have  exchanged  posi- 
tion.   Compare  this  with  Hg.  491,  where  maximum  P  and  minimum  P  were  used  instead  of 

PandZ). 

f 
Note  further  that  L  -'  Formula  (10),  means  rib  stress  due  to  a  nominal  live  load  equal  to  the 

maximimi  possible  difference  between  adjacent  panel  loads.     Compare  with  Formula  (5). 
Formula  (8)  may  be  replaced  by  the  following  simpler  forms: 


Pl  Pl/  Ol 


B 


V        vt  p»/  Ol 

4  =  I  "i-si. ri-4  -—}  r- 

P4/  Ol 


(11a) 


giving  the  stresses  due  to  P.  Plus  values  mean  tension  and  minus  values  mean  compression. 
These  stresses  must  be  combined  with  the  stresses  due  to  a  maximum  difference  L  between 
adjacent  panel  loads,  namely,  a  tension  for 

hi     ho 

FT 


Pa     Ol 
and  a  compression  for 

Bj    hi     ho 
2  =  Liz i- 

Pi      Ol 

45 


Bi  =Li_a  —- '  T— 


^4       ho 


Pa 


D  T    hi     ho 


Bi  =  Li-i  —  •  V- 

P4        Ol 


(116) 


pl     bi 


D  T     hi     ho 

/>4    =  i^4    '  T— 

Pa     Ol 


(lie) 
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Note  that  in  (8)  as  well  as  in  (11),  r^  is  the  constant  multiplier  which  resolves  all  H-forces  into 

^-stresses  as  in  Formula  (3). 

It  will  readily  be  seen  that  all  stress  formulas  may  be  looked  upon  simply  as  analytical 

expressions  of  stress-diagram  lines;  similar 
triangles  are  the  simple  bases  of  derivation 
for  bothy  or  the  geometric  links  between 
form  of  structure,  stress  diagram,  or 
formulas. 

^.  ttfc.    numerical    Bzami»le. — ^Let    it 

^J^JUfJT    ^  required  to  deaigii  %  dome  of  180-ft.  Bp»n  and 

'       30-ft.  riM  with  panel  point*  upon  a  spherical  surface. 

90S -I-  30* 
The  radius  of  the  generating  circle— ^k — ^ 

-■  150  ft.  Choosing  rings  15  ft.  c.  to  o.  horison  tally 
and  a  corresponding  arrey  of  32  ribs,  the  length  of  all 
members  o.  to  o.  panel  points,  and  other  dimensions 
required,  may  be  computed  or  scaled  with  sufficient 
accuracy  from  a  skeleton  drawing.  These  dimensions 
are  given  in  Fig.  498.  Assuming  15  lb.  for  frame- 
work with  tar  and  gravel  roofing,  10  lb.  for  plastered 
ceiling,  and  25  lb.  for  snow  and  wind,  or  a  total 


Fio.  498. — Part  plan  and  elevation  of  dome. 


loading  of  50  lb.  per  sq.  ft.  of  dome  surface,  the  stresses  for  total  loading  will  be  determined  by  Formulas  (6), 
(7),  (11a).  and  (9)  as  foUdws: 


For  panel  point                              1 

2 

3 

4 

5 

The  panel  area      i-                    50 

90 

139 

194 

256  sq.  ft 

The  panel  load  P  -                2500 

4500 

6,950 

9,700 

12,800  lb. 

Summing,  P          •                 2500 

7000 

13,950 

23,650 

36,450  lb. 

(All  stresses  are  slide  rule  values) 

• 

Rib  Strtu€9: 

«i  -  -  (2500)(15.17/2.29)      - 

—  16,570  (compression) 

ft«  -  -  (7000)(16.50/3.87)     - 

—  20.120  (compression) 

£«  -  -  (13,950)(16.02/5.62)  - 

—  39,700  (compression) 

«4  -  -  (23,650)(16.90/7.57)  - 

—  40,000  (compression) 

i?»  -  -  (36,450)(17.97/9.90)  - 

-  66,200  (compression) 

Bi  -  -  (2500)(15/2.29)(15/2.94)  -  -  83,600  -  compression  in  lantern  ring. 
Bt  -  [(2500) (15/2.29)  -  (7000)(15/3.87)l(15/2.94)  -  -  54,800  (compression) 
Bm  -  1(7000) (15/3.87)  -  (13,950)(15/5.62)](15/2.94)  -  -  51,600  (compression) 
B4  -  l(13,950)(15/5.62)  -  (23.650)(15/7.57)l(15/2.94)  -  -  49,400  (compression) 
B»  -  [(23,650)(15/7.57)  -  (36,450)(15/9.90)](15/2.94)  «  -  42,100  (compression) 
B«  -  (36.450)(15/0.90)(15/2.94)  -  281.400  -  tension  in  wall  ring. 

Increase  or  decrease  in  belt  stresses  due  to  a  nominal  live  load  L  (or  an  assumed  maximum  difference  between  panel 
loads  at  the  ring  and  those  within  the  ring)  of  10  lb.  per  sq.  ft.  due  to  ceiling  construction  or  other  causes. 


For  panel  points 
Nominal  live  load  L  • 
Summing  L  « 


1 
500 
500 


2 

900 

1400 


3 
1390 
2790 


By  Formula  (116) 


Bt 
Bt 
Ba 
B» 


(500)(16/2.29)(15/2.94) 
(1400)(15/3.87)(15/2.94) 
(2790)(16/6.62)(15/2.94) 
(4730)(15/7.67)(15/2.94) 


By  Formula  (lie) 


B«  -  -  (900)(15/3.87)(16/2.94) 
Ba  -  -  (1390)(15/5.62)(15/2.94) 
B«  -  -  (1940)(15/7.67)(16/2.94) 
Bi  -  -  (2560)(16/9.90)(15/2.94) 


4  5 

1940         2560  lb. 
4730  lb. 

16.750  (tension) 
27.700  (tension) 

-  28.200  (tension) 
47.900  (tension) 

"  —  17.800  (compression) 
"  —  18,900  (compressioD) 

-  —  19,600  (compression) 
*  —  19,800  (oomproBsion) 


TU  atrMses  due  to  a  nominal  live  load  L  (or  an  assumed  maximum  difference  between  to  adjacent  paneltloads) 
of  H  of  a  20-lb.  snow  load  ■■  16  lb.  per  sq.  ft. 

For  panel  points  12  3  4  5 

Nominal  live  load  L  -  750         1350         2085         2910         3840 
Summing  L  -  750        2200        4285         7195         11,035 
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By  Formula  (10)         Ti  -  (750)(15.82/2.2Q)  -    5,180  lb. 

Tt  -  (2200)(17.17/3.87)  -    0,7T0  lb. 

T»  -  (4285)(19.05/5.62)  -  14.540  lb. 

7*4  -  (7195)(21.60/7.57)  -  20,400  lb. 

Tt  -  (ll,O35)(24.21/9.90)  -  27,000  lb. 

Addinc  the  two  oompressionB  for  intennediate  rings  gives  the  maximum  axial  compreoucn  for 

Bt  B$  Bi  Bt 

72,600  70,500  .09,000  61,900  1b. 

These  ring  members  will  also  serve  as  supporting  beams  for  wooden  rafters,  radiating  with  the  rib  members  and 
carrying  wooden  sheathing  and  roof  cover.  Hence,  in  addition  to  the  maximum  axial  compression,  they  will  be 
subjected  to  a  flexural  stress  due  to  beam  loads  Pt,  P«,  Pi,  and  P$,  and  should  be  designed,  in  agieement  with 
Formula  (2),  giving  a  fiber  stress 

AH  dome  members  will  be  of  steel  and  straight  between  panel  points  except  the  lantern  //***           ''    \** 

ring  which  will  be  curved.     The  wooden  rafters  may  be  cut  to  the  cun^ture  of  the  /  /       ^\.    ''^     \  \ 

dome  without  great  expense.  •  I         ^''\          )  i 

The  design  of  the  lantern  ring  requires  particular  care.     In  addition  to  its  maximum  \  V     ,''        '*\^   y  / 

axial  compression,  it  is  subjected  to  bending  by  any  inequality  in  thrust  of  the  abutting  /vVc:->-*:i;^i^' 

rib  members.     It  must  henee  be  made  stiff  as  a  whole,  both  vertically  and  horisontally,  "^TT^!^^^ 

and  spliced  to  its  maximum  obtainable  value  so  as  to  make  it  a  continuous  circular  ^ 

«i«ier  beam.  Pxo.  499.— Bending  ac- 

The  bending  action  due  to  the  horisontal  components  of  thrust  inequalities  may  be        tion  on  lantern  ring, 
computed  upon  the  severe  assumption  that  the  nominal  live  loads  L  act  upon  two  op- 
posite quadrants  of  the  dome,  while  the  other  two  quadrants  carry  no  live  load.    Then,  referring  to  Fig.  499,  if  r  is 
the  radius  ol  the  ring  and  p  a  uniform  load  per  foot,  the  bending  moment  of  the  ring  is 

Af  -  i  rr«  (12) 

For  the  present  example,  4he  horisontal  thrust  of  £i  for  a  nominal  live  load  of  15  lb.  per  sq.  ft.  is  (750)  (15/2.29)  -> 
49301b. 

4930       ,^««„  *.     *,     ^ 

2q7-  *  1680  lb.  per  ft.  of  lantern  nng. 

M  -  (1/5)(1680)(15)<  »  75,500  ttAh.  -  453  in.-tons 
The  axial  compression  in  the  lantern  ring  is  42  tons.    For  a  Bethlehem  12-in.  78-lb.  H  section,  A  »  22.0  and 

-  « 102.6.    Formula  (2)  gives  a  maximum  fiber  stress  of 

^        42     .     453         ^  ^.  , 

/  -  22;^  +   102I  ■  ®-^*  ******  P®'  ^'  **** 

800.  Framing  Material  and  Cover. — Although  the  framing  material  and  cover  are  governed 
largely  as  for  building  construction  in  general,  by  economy,  temporariness,  permanency,  archi- 
tectural requirements,  building  laws,  etc.,  it  may  here  be  emphasized  that  timber  is  a  suitable 
material  even  for  very  large  domes.  With  all  purlins  or  rafters  cut  to  the  curvature  of  the  dome 
and  well  connected  to  either  a  timber  or  a  steel  frame,  good  timber  sheathing  ^  or  1  in.  thick, 
and  thoroughly  nailed  down  in  two  diagonal  layers,  will  supply  a  considerable  amount  of 
bracing,  and  for  smaller  domes  perhaps  the  only  bracing  necessary.  For  steel  dome  frames,  up 
to  50  ft.  diameter  and  more,  sufficient  bracing  may  also  be  obtained  by  the  use  of  gusset- corner 
plates  parallel  to  the  dome  surface  at  all  panel  point  connections.  A  reinforced  concrete  shell 
upon  a  steel  dome  frame  will  naturally  take  the  place  of  the  diagonal  panel  bracing,  but  the  spac- 
ing of  either  ribs  or  rings  for  such  structures  should  be  to  accommodate  a  thin  shell  reinforced 
in  two  directions.  For  close  rib  spacing,  alternate  ribs  may  terminate  halfway  up.  A  steel 
frame  entirely  fireproofed  with  concrete  seems  an  uneconomical  structure  if  reinforced  concrete 
ribs  and  rings  of  not  much  larger  bulk  will  do  the  work.  However,  most  reinforced  concrete 
domes  so  far  constructed  are  solid  shells  without  ribs  or  rings  except  a  lantern  ring  if  not  entirely 
continuous  at  the  crown. 

801,  Solid  Domes. — The  analysis  of  solid  domes  is  not  essentiaUy  different  from  that  of 
framed  domes.  If  the  ribs  and  rings  of  the  latter  are  imagined  to  be  spaced  closer  and  closer, 
the  stress  conditions  of  a  solid  dome  are  practically  realized. 

801a.  Graphical  Method. — Fig.  500  (a)  represents  a  stress  diagram  for  a  solid 
hemispherical  dome  analogous  to  Fig.  490  for  a  framed  dome.    Hie  triangles  01 '  1 ",  02'2",  03'3'', 
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etc-  are  force  trungteB  of  P,  R,  and  H  tor  points  1,  2,  3,  etc.,  hence  the  curve  01'2'3'  etc.,  en- 
closing theae  force  triangles,  gives  R  and  H  for  any  point  along  the  meridian  section  of  the  dome. 
The  area  of  a  spherical  segment  is  2*rv,  hence  all  belt  areas  are  proportional  to  their  j/**. 
This,  for  a  spherical  dome  of  uniformly  distributed  loading  ppersq.  ft.  of  surface,  pennitsof  a 
rapid  plotting  of  diagrams  like  Fig.  500  (a),  as  indicated.     like  total  weight  of  a  bMnisphere 

(—2Tr*p)  laid  off  toaoonvenient 
scale  from  the  center  of  the 
dome  along  its  vertical  axis,  and 
i'any  equal  or  unequal  division 
i   into  belts  projected  upon  it  as 
;   shown,   furnishes  at  once  the 
;   complete    load    line    without 
^  further  computation.     H  is  the 
;    horizontal  shear  across  the  shell 
aa  indicated  by  pairs  of  arrows. 
It  reaches  a  maximum  where 
the  stress  curve  01'  2'3'etc.  re- 
turns, namely,  at  an  aiq^  be- 
tween generating    radius  and 
vertical  of  SI  deg.  50  min.  aa 
shown.     Above  this  point  the 
With  Lantem      belt  stresses  B  are  compressire, 
W'  below  it  they  are  tei»ile. 

Fio.  wo.— atm  diacrtm*  for  Klid  ionm.  The  difference  aff  between 

.  u  two  /f-liues  enclosing  a  belt  is 

the  radial  horizontal  thrust  around  this  belt.  =—  equals  thrust  per  unit  circumference. 
To  determine  B,  let  Fig.  501  represent  a  unit  length  of  a  horizontal  ring,  lai^ely  exaggerated. 
Then  by  similar  triangles 

B.   -^^    =,.  I      nrB-^ 
B.^~   ~X.l     '^tB-^ 

Thisgivesthebelt  stress  per  foot  of  meridian  if  Aff  is  taken  accordingly,  assbown  in  Fig.  500(a). 

n—  gives  the  meridian  stress  per  foot  of  circumference  of  belt. 

For  ■praclical  apptieatwm  the  load-  line  is  made  equal  to  r*p,  thus  eliminating  2w  from  the 
operation  and  obtaining: 

B  =  iff  —  belt  stress  per  foot  of  meridian.  -r—f x 

and  —   —  meridian  stress  per  foot  of  belt.  -I,     k^ifv ■.■.". ■.-.-.■.js,., 

*       .  ■  ffv^'   " 

Compression   concentrated    in   lantern    ring    =   ff  at   -^ — ' 

lantern.  ^o-  SOI.— Det«TiniD>UoD  oi  bdt  atnta. 

Tension  concentrated  in  wall  ring  —  ff  at  wall. 
The  latter  will  be  a  maximum  for  a  dome  terminating  at  51  deg.  60  min.,  where  Aff  is  lero.     At 
90  deg.  H  is  zero  and  Aff  a  maximum.     Note,  however,  that  the  stress  diagram  may  be  con- 
tinued for  domes  extendii^  spherically  below  the  equator  where  the  wall  ring  stress  would  then 
be  compressive. 

Rg.  500  fa)  is  drawn  for  a  dome  continuous  at  the  crown,  while  Fig-  500  (6)  will  show  the 
slight  difference  for  a  dome  with  lantern. 

For  a  dome  shell  increasing  in  thickness  from  crown  to  base,  or  for  nonuniform  loading,  the 
load  line  is  determined  in  the  usual  way,  using  belt  areas  ry. 

In  order  to  comprehend  the  stress  conditions  at  the  crown  of  a  closed  dome,  imagine  the 
lantern  ring  replaced  by  a  solid  plate  which  must  necessarily  be  under  compression  in  all  direc- 

Por  a  conical  dome  the  method  is  still  simpler,  but  the  stress  diagram  had  better  be  drawn 
analogous  to  III'  (Fig.  496). 
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SOlb.  Analytical  Hetiiod. — Dead  plus  live  load  per  square  foot  of  surface  ia 
designated  by  p.     The  area  of  a  spherical  cap  above  a  plane  cc  (Pig.  502)  equala  2  wry. 

The  vertical  reaction  along  circumference  cc  =•  total  load  above  ec,  that  ia,  2rxA  sin  n  ■° 
2rryp,  or  dnce  x  =  r  ain  r  aod  v  =  r  (1  —  cos  v) 

jg__T,a -.„.),;_ 

tin*  n  (1  -  cos'  f )       1  +  COS  r  ^    ' 

A  ia  the  meridian  stress  per  unit  length  of  circumference  of  belt.  At  the  crown  cos  v  —  1, 
hence  £  —  ^-  At  the  equator  cos  f  ~  0,  hence  R  "  rp.  Now  let  B  be  the  belt  stress  per 
unit  length  of  meridian,  then  from  the  greatly  exaggerated  force  plane  of  Fig.  502,  in  which  Av 
and  AA  are  very  small  angles. 

ff   -  2B  sin  aA  -  2B^      -  ~ 


and      2A  sin  Ac  =  2Ri 


2x 
1  R 


The  three  forces  B,  R,  and  puponunit  area  at  c  must  be  in  equibbrium,  hence  their  componenta 
u  any  direction  —  0.     This  for  direction  r  gives 


and  since  R  —  \~^  ''~~  ""d  —. —  "  r 

B  =  rp(cos  V  -  j-q—^)  (1*) 

At  the  crown  cos  o  —  1,  hence  B  =  -i-    At  the  equ  ator  cos  v  -  0,  hence  B  —  — rp  (1«iKDoaJ 

Following  is  a  table  of  (1  +  cos  v)  and  (cos  w  —  j-x 1  for  convenient  application  of 

Formulas  (13)  and  (14),  and  Fig.  503  is  a  graphical  representation  of  these  formulas. 

'  "'  ^"^^  "  ~  1  +  cosir 

-0.500 
-0.482 
-0.425 
-0.331 
-0.201 
-0.034 
±0.000 
+0.167 
+0.403 
+0.678 
+1.000 


Angle  v 

(1   +  003  V] 

0 

2.000 

10 

1.985 

20 

1.940 

30 

1.866 

40 

1.766 

50 

1.643 

61  deg.  60  min. 

1.618 

60 

1.500 

70 

1.342 

80 

1.174 

M 

1.00O 
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The  vertical  and  horizontal  wall  reactions  per  foot  of  wall  ring  are  R  ein  v  and  R  cos  v.    The 
tension  in  the  wall  ring  is  Rx  cos  v. 

301c.  Reinforcement. — ^The  reinforcement  is  placed  in  direction  of  meridians 
and  horizontal  belts.  Outside  of  wall  ring  or  of  the  tension  belt  area  below  51  deg.  50  min., 
the  shell  need  only  be  lightly  reinforced  against  shrinkage  and  temperature  cracks,  for  the 
unit  compression  of  the  concrete  will  ordinarily  be  found  very  low.  For  a  semispherical 
dome,  for  instance,  of  100-ft.  span,  and  6-in.  thickness  of  shell,  and  a  loading  of  72  lb.  per 

144  X  50 
sq..  ft.  in  addition  to  its  own  weight,  the  compression  and  tension  at  the  base  «  — =s =■ 

100  lb.  per  sq.  in.,  and  the  compression  at  the  crown,  one-half  of  this. 

It  is  assumed  generally  that  the  pressure*  surf  ace  of  a  dome  shell,  analogous  to  the  pres- 
sure line  of  a  well  designed  arch,  may  oscillate  within  the  middle  third  of  the  thickness  of 
the  shell,  hence  the  maximum  unit  compression  should  not  exceed  one-half  of  the  permissible 
compressive  stress  of  the  concrete.  This  is  of  less  importance  for  architectural  domes,  for 
which  as  already  stated,  the  compression  of  the  concrete  will  hardly  ever  reach  that  amount, 
but  for  subterranean  domes  and  domes  for  tanks  under  large  earth  or  water  loads,  it  will 
determine  the  thickness  of  the  shell. 


SECTION  4 
GENERAL  DESIGNING  DATA 


ARCHITECTURAL  DESIGN 

By  Arthur  Peajbody 

1.  Theory  of  Design. 

la.  Three  Fundamentals. — In  1624  Sir  Henry  Wotton,  an  English  architect, 
stated  the  requirements  of  good  architecture  in  three  words,  ''commoditie,  firmeness  and 
delight." 

This  covers  the  ground  today  as  it  did  300  yr.  ago.  A  building  that  is  commodious  in 
the  sense  of  being  suitable  and  sufficient  for  the  intended  use,  one  that  will  withstand  the  effects 
of  nature  and  the  loads  and  strains  to  which  it  is  subjected,  and  that  is  pleasing  to  the  intelligent 
and  imprejudiced  observer,  represents  good  architecture.  None  of  the  three  primary  elements 
are  independent  of  the  others.  The  plan  must  be  sufficiently  flexible  to  meet  the  demands 
of  stability  and  appearance.  The  structural  system  must  adapt  itself  somewhat  to  conditions 
and  the  artistic  scheme  must  be  perfected  without  seriously  trenching  upon  the  other  elements. 

lb.  The  Language  of  Design. — ^A  design  must  declare  its  intention,  so  far  as 
possible.  It  should  indicate  the  character  of  the  building  as  political,  religious,  domestic,  etc. 
In  the  expression  of  this  lies  a  good  measure  of  its  success.  The  several  parts  of  a  design  must 
be  in  harmony  if  not  in  symmetry,  and  in  scale — ^that  is  to  say,  commensurate  one  with  the 
rest.  MnaUy,  good  design  requires  grace  of  form,  articulation  of  parts,  dominant  elements, 
proportion  and  emphasis.     These  qualities  are  dependent  upon  mass,  outline,  color  and  detail. 

Ic.  Characteristics  of  Design. — A  design  may  be  simple,  that  is,  consist  of  a 
few  elements  dominated  by  a  single  point  of  interest,  as  in  a  church  spire.  It  may  be  complex, 
with  similar  parts  symmetrical  about  a  central  axis  like  the  Elizabethan  Manor,  or  irregular, 
with  sharply  articulated  masses  arranged  in  a  picturesque  manner  so  as  to  bring  about  a  pleasing 
result,  as  in  the  dormitory  quadrangles  of  some  of  our  Universities.  The  ordinary  limits  of 
the  safe  use  of  materials  and  structural  methods  should  be  kept  m  mind.  Curious  expedients 
for  the  solution  of  problems  arouse  criticism  and  usually  reflect  on  the  quality  of  the  design. 
The  element  of  apparent  stability  affects  the  impression  of  beauty.  Apparent  stabiHty  is 
ordinarily  connected  with  mass.  A  stone  column  appears  to  be  stronger  than  an  iron  post 
of  equal  structural  value.  The  appearance  of  strength  is  therefore  satisfied  better  in  some 
instances  by  stone  than  iron.  From  the  customary  mental  attitude  toward  them,  columns 
attribute  strength  to  a  building  although  used  in  a  purely  decorative  way.  On  the  other  hand, 
openings  i>ut  of  scale  with  the  design,  though  constructed  in  a  very  stable  manner,  detract 
from  apparent  strength  and  reduce  architectural  value. 

Id,  Use  of  Elements. — In  the  matter  of  scale,  small  units  may  be  made  to 
increase  the  apparent  size  of  a  building,  or  large  ones  to  diminish  it.  Architectural  size  ub 
measured  in  terms  of  the  human  figure.  It  would  be  impracticable,  however,  to  adhere  closely 
to  this  unit,  especially  in  sculptural  decoration  of  buildings.  It  is  necessary  to  increase  such 
figures  to  avoid  the  appearance  of  diminution,  due  to  juxtaposition  with  elements  that  must 
inevitably  partake  of  imusual  dimensions.  The  actual  size  of  units  must  harmonize  with 
the  scale  of  the  building.  Very  large  stones  appear  out  of  place  on  a  small  cottage,  or  very 
small  stones  on  a  large  building.  Expecially  on  the  interior,  members  of  great  strength  must 
be  considerably  masked,  to  obviate  their  crushing  effect.     In  short,  "absolute  frankness" 
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would  be  as  disastrous  in  architectural  design  as  in  everyday  life.  Vertical  lines  add  always 
to  slendemess.  Horizontal  lines  increase  strength.  For  this  reason  fluted  Corinthian  columns 
are  used  in  upper  stones,  while  the  Tuscan  order  of  the  lower  parts  may  be  rusticated,  along 
with  the  massive  ashlar  of  the  building. 

le.  C<^or  and  Ornament. — Color  is  one  of  the  important  elements  of  design. 
The  same  building  which  in  the  purity  of  white  marble  would  reflect  and  etherialize  the  intention 
of  the  architect,  might  be  an  abomination  in  cold  red  sandstone.  The  vagaries  of  certain 
Italian  work  are  more  or  less  glossed  over  by  the  magnificient  color  and  quality  of  the  materials. 
For  this  reason,  in  the  use  of  mixed  materials  such  as  stone  and  brick,  discretion  is  a  saving 
virtue.  In  a  general  way  delicate  members  are  quite  useless  in  materials  of  strong  and  especially 
of  sombre  colors.  The  play  of  light  and  shade  is  to  a  great  extent  lost,  and  members  which 
would  be  adequate  in  light  colored  stone,  appear  weak  and  non-effective.  The  bright  red  of 
modem  tile,  or  the  variegated  tints  of  rock  faced  slate,  must  be  reckoned  with  in  the  completed 
color  scheme  of  buildings. 

Canred  ornament,  which  may  be  thought  of  somewhat  aa  a  color  decoration,  must  be  placed  where  it  will 
emphasise  an  idea.  This  it  cannot  do  if  placed  where  it  will  not  be  seen,  or  dissipated  over  a  building  in  such  a 
manner  as  to  signify  nothing  in  particular.  Placed  on  a  bracket  it  increases  the  effect  of  strength  by  its  light  and 
shadow  and  is  therefore  justified.  The  same  use  applies  to  the  c^fving  on  a  capital,  which  increases  the  apparent 
sise  and  adds  to  architectural  strength. 


c^vii 


2.  Architectural  Style. — An  architectural  style  is  an  assemblage  of  parts,  ornaments  and 
details  forming  a  definite  structural  and  ornamental  system  of  design.  It  is  formed  partly  on 
tradition,  partly  on  structural  methods.  A  new  element  introduced  into  an  existing  style 
may  in  time  produce  an  entirely  new  style,  as  in  the  case  of  the  Gothic,  which  owes  its  existence 
to  the  intelligent  and  persistent  use  of  the  pointed  arch  and  vault,  together  with  the  supporting 
buttress,  as  new  elements  applied  to  the  previous  architectural  system  of  the  round  arched 
style. 

A  style  seldom  becomes  free  from  similarity  to  its  predecessor.  It  tends  to  carry  along,  as  purely  ornamental 
features,  elements  which  originally  had  a  vital  function.  In  this  way  the  dentils  and  modiUions  of  the  Corinthian 
Order  remain  as  obsolete  members,  the  function  of  the  bracket  having  been  replaced  by  other  structural  elements. 

2a.  The  Gothic  System. — Gothic  architecture  as  developed  principally  in 
France  depended  upon  the  arrangement  of  arch  ribs,  vaults,  buttresses  and  flying  buttresses 
so  combined  as  to  make  a  stable,  constructive  system.  The  problem  of  the  vaulting  was  the 
whole  matter.  During  the  Romanesque  period  this  was  founded  on  the  semi-circular  arch, 
which  from  its  nature  fixed  the  height  of  the  vault  over  a  given  width  of  nave.  The  adoption 
of  the  pointed  arch  freed  the  nave  from  this  limitation.  It  might  then  be  as  high  as  the  exi- 
gencies of  constructive  materials  would  permit.  To  resist  the  outward  thrust  of  the  main 
vault  the  expedient  of  the  buttress  was  employed.  As  the  height  was  gradually  increased,  by 
extending  the  wall  of  the  clerestory,  a  second  row  of  braces  called  flying  buttresses  was  employed. 
The  system  was  now  complete.  The  buttresses  took  the  place  of  the  heavy  walls  of  the  previous 
Romanesque  style  and  the  spaces  between  were  filled  by  thin  enclosing  walls  pierced  by  great 
windows.  Over  the  stone  vaults  a  false  roof  of  timber  work  kept  off  the  rain.  The  progress 
of  the  style  led  to  increased  slendemess  and  more  complicated  decoration  until  the  limit  of 
resistance  was  reached  in  some  cases. 

Military  Gothic  grew  out  of  the  needs  of  the  feudal  system  and  was  developed  most  completely  in  France. 
Based  upon  the  art  of  warfare  of  the  time,  the  castle,  or  chateau,  consisted  of  a  walled  enclosure  of  considerate 
area,  with  great  towers  at  points  of  advantage.  The  area  was  divided  into  the  outer  court,  containing  barracks  and 
drill  grounds  and  other  buildings,  and  the  inner  court  containing  various  buildings  of  good  sise,  behind  which  was  the 
great  tower,  donjon,  or  keep.  The  castle  was  ordinarily  located  on  broken  ground,  for  defensive  purposes.  The 
bank  of  a  river,  and  particularly  the  land  between  a  river  and  one  of  its  branches,  was  thought  to  be  desirable  for 
this  reason.  The  keep  would  be  located  at  the  point  of  intersection,  and  the  plan  of  the  works  would  describe  an 
irregular  triangle,  the  enclosing  wall  following  the  banks  and  the  front  wall  closing  the  interval  between  them. 
The  design  of  the  chateau  varied  with  the  progress  of  military  art  up  to  the  advent  of  gun  powder  in  war.  At  a  later 
date  the  buildings  of  the  inner  court,  largely  remodeled  and  beautified,  became  the  chateau  <Hr  country  seat  of  the 
descendant  of  the  feudal  lord.  Connection  with  civil  architecture  was  thereby  established  and  the  effect  on  private 
architecture  may  be  seen  in  modem  French  residences  of  large  sise, 
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26.  Ornaments  of  fhe  Gothic  Stj^e. — ^The  method  of  ornamentation  and  the 
detail  of  ornament  in  Grothic  architecture  is  quite  different  from  that  of  the  Renaissance.  It 
is  less  sophisticated,  has  less  repose  and  is  less  commonly  repeated  in  exactly  the  same  form. 
It  is  bold,  variable,  constantly  substituting  equal  values  for  identical  forms,  and  is  imbued 
with  the  virility  and  strain  that  is  characteristic  of  the  style.  Among  the  continuous  ornaments 
are  moldings,  derived  largely  from  the  grouping  of  slender  shafts  about  a  pier  or  at  the  jamb 
of  a  window.  The  intention  of  these  b  to  produce  a  strong  effect  of  verticality  and  of  light 
and  shade.  During  the  early  period  of  the  Grothic  this  was  the  principal  ornamental  motive. 
In  the  decorated  Gothic  the  moldings  were  interrupted  by  ornaments  at  intervals  or  formed 
to  contain  them  within  the  concave  jnembers.  These  took  the  form  of  grotesque  heads,  or 
flowered  bosses.  In  English  Gothic  a  rounded  ornament  called  the  Tudor  apple  is  spaced 
along  the  moldings,  like  a  series  of  knobs.  The  forms  of  Gothic  moldings  are  to  some  extent 
determined  by  the  intention  of  serving  as  water  drips.  No  large  projections  give  room  for 
decoration  as  with  the  Classic  cornice.  The  label  or  lip  moldings  of  the  arches  end  in  rosettes. 
The  slender  cylindrical  shafts  of  the  columns  are  decorated  with  molded  bases  and  elaborately 
carved  capitals.  In  the  complicated  interlace,  derived  from  the  Celtic,  to  the  delicate  leafage 
of  the  best  period,  the  entire  gamut  of  variety  is  run.  The  shafts  are  sometimes  decorated 
with  zig  zag  chevrons.    The  bases  are  frequently  round,  or  octagonal,  with  deeply  cut  moldings. 

From  the  Romaneeque  the  diaper  or  Ibsenge  pattern  is  carried  into  the  style  for  decoration  of  flat  surfaces. 
The  intersections  of  vault  ribs  are  ornamented  with  carved  rosettes  or  pendants.  Buttresses,  at  first  plain,  are 
later  decorated  with  pinnacles  bearing  poppy  heads.  The  fljring  buttresses,  especially  on  their  pinnacles,  are 
ornamented  with  crockets. 

The  Gothic  window  is  ordinarily  divided  by  stone  mullions,  which  interlace  at  the  arch  level.  From  his  arose 
the  Gothic  tracery  of  pierced  stone  work,  which  became  one  of  the  distinguishing  features  of  Gothic  decoration. 
At  first  geometrical,  it  presently  developed  into  wonderful  figures  and  wavering  branchings.  Traoeries  are  called 
trefoil  or  "three  leaved,"  quatre  foil,  cinq  foil.  In  combination  with  stained  glass  of  brilliant  beauty,  the  Gothic 
window  became  a  distinguishing  feature  of  the  style.  Traoery,  like  every  other  excellent  thing,  was  carried  to  its 
ultimate  form  in  the  laoe-Uke  stone  draperies  over  the  elaborate  niches  of  the  late  period.  It  decorated  not  only 
openings,  but  8|M-ead  over  the  surfaces  of  vaultings,  ever  increasing  in  complexity  with  the  development  of  the 
Gothic  style.  In  Spain  it  was  crusted  over  trith  minute  decorations  and  filagree.  The  effort  toward  slenderness 
and  multiplicity  ended  with  the  extreme  of  possibility  in  chiseled  stone.  This  applied  not  only  to  decoration,  but  to 
structure  as  well,  until  a  halt  was  called  by  the  final  breaking  down  of  parts. 

2c.  The  Renaissance  Stj^e. — ^The  Renaissance  occurred  in  Italy  in  the  15th 
Century.  The  chief  characteristic  of  the  Renaissance  style  of  architecture  is  the  use  of  the 
Greek  and  Roman  architectural  orders  and  decoration.  The  models  for  these  were  derived 
from  study  of  Roman  remains  in  Italy  by  the  architects  Vignola,  Palladio  and  others. 

%d.  Orders  of  Architecture. — An  order  is  a  principal  element  of  style.  Having 
represented,  at  first,  the  entire  expression  of  a  limited  architectural  scheme,  it  has  at  a  later 
time  shared  with  other  similar  orders  in  the  development  of  the  completed  system.  The  term, 
order,  is  used  only  in  connection  with  the  Classic  and  Renaissance  styles.  In  the  Gothic 
style  there  are  no  such  distinct  demarcations,  but  examples  are  spoken  of  as  being  in  the  French 
or  English  Gothic,  the  flambovant,  or  perpendicular,  as  the  case  may  be. 

An  order  is  made  up  of  the  column,  with  its  base  and  cap,  the  architrave,  frieze  and  cornice. 
Where  the  cornice  is  divided  and  extended  along  a  gable  to  fit  the  pitch  of  the  roof,  it  becomes 
a  pediment.  The  space  enclosed  between  the  level  cornice  and  the  slanting  portion  is  known  as 
the  tympanum.  Any  portion  of  an  order  may  be  ornamented  according  to  customary  use. 
The  tympanum  may  be  filled  with  sculpture.  The  best  practice  is  to  ornament  alternate  mem- 
bers only,  leaving  plain  fillets  or  bands  between.  In  the  last  period  of  Roman  arc)iitecture, 
entire  surfaces  were  covered,  but  the  result  is  admitted  to  be  inferior.  The  period  of  the  Renais- 
sance gave  opportunity  for  experimentation  with  the  detail  of  orders,  which  was  carried  out  to  its 
ultimate  conclusion.  Some  of  the  more  worthy  variations  are  stDl  employed.  The  rusti- 
cated Doric  is  one  such.  In  this  the  raised  surfaces  of  the  adjacent  stone  work  are  repeated 
on  the  columns.  In  other  ways,  such  as  variations  in  the  flu  tings  or  in  the  amount  of  entasis 
employed,  the  intention  of  the  artist  to  modify  or  emphasize  the  value  of  parts  is  shown,  as 
necessary  to  the  harmony  of  the  design.    Hie  illustrations  of  the  orders  here  given  are 
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from  the  works  of  G.  B.  da  Vignola,  an  Italian  architect,  1507-1573,  commonly  regarded  as  an 
authority. 

The  orders  of  architecture  as  employed  by  the  Romans  are  five  in  number,  namely,  Tuscan 
Doric,  Ionic,  (Corinthian  and  (Composite.  Of  these,  the  Tuscan  is  the  most  massive  and  simple. 
The  other  orders  decrease  gradually  in  mass  and  increase  in  height  so  that  the  (Corinthian  and 
(Composite  represent  the  most  slender  and  ornate. 

In  the  ain^e  storied  temples  of  Qreek  and  Roman  days  the  order  was  of  sufficient  sise  to  extend  to  the  fuU 
height  of  the  building.  In  larger  structures  they  were  sometimes  placed  one  over  another,  corresponding  with  the 
stories  of  the  building.  This  is  called  superposition.  In  this  iise  the  more  massive  Doric,  cr  Tuscan,  is  employed 
in  the  lower  portions  and  the  slender  Corinthian,  or  Composite,  in  the  upper  stories.  In  some  buildings  all  five 
orders  are  used.  In  others  two  or  three  at  will.  Above  an  order  there  may  be  developed  a  story  called  the  attia 
This  was  emi^osred  by  the  Romans  on  their  triumphal  arches.  It  is  now  frequently  used  on  a  great  building  to 
increase  the  height  of  it,  or  of  some  prominent  part,  without  increasing  the  scale  of  the  order.  Examples  of  the 
attic  story  may  be  seen  on  large  buildings  such  as  the  new  National  Museum  at  Washington.  The  attic  is  a  rather 
low  structure,  massive  in  detail,  and  may  be  crowned  with  a  cqmioe  molding.  The  surfaces  are  lett  plain  or 
panelled,  or  may  have  openings.  Pedestals,  spaced  at  the  same  intervals  as  the  columns  below,  may  serve  as  bases 
for  free  statues  or  other  ornamental  forms.  Instead  of  the  attic  story  there  is  sometimes  employed  a  parapet  above 
the  cornice,  with  pedestab  and  balustrades. 

Beside  the  Roman  orders  the  Greek  Doric  is  sometimes  used  in  modem  work.  This  order  differs  from  the 
Roman  Doric,  being  more  massive  and  severe.  The  column  is  without  a  molded  base.  The  twenty  flutes  are 
broad  and  shallow,  without  fillets.  The  height  of  the  column  varies  from  4>i  diameters  in  buildings  of  the  early 
period  to  5>^  in  the  best  period,  that  of  the  Parthenon,  and  to  6  or  more  diameters  in  later  examples.  The  cornice  is 
simple  and  heavy,  about  two  diameters  in  height.  The  other  Greek  orders  are  the  Ionic  and  Corinthian.  Those 
differ  from  the  Roman  in  certain  details. 

An  order  may  be  raised  upon  a  pedestal,  or  the  building  may  be  set  on  a  base  or  stylobate,  upon  which  the 
order  will  then  rest.  The  order  may  stand  free,  as  on  a  portico,  or  may  be  engaged  with  the  wall.  It  may  extend 
through  a  single  story  or  include  several.  It  may  be  in  connection  with  an  arcade,  under  another  code  of  customary 
use.  Instead  of  columns,  or  in  connection  with  them,  rectangular  shafts,  known  as  pilasters,  may  be  employed  to 
bring  about  a  complete  design.     In  this  use  the  question  of  entasis  has  given  rise  to  some  controversy  among  purists. 

The  various  orders  commonly  include  a  certain  ornamentation,  such  as  molded  bases  and  carved  capitals  and  a 
cornice  bearing  a  regular  system  of  ornament  as  a  minimum. 

In  Qreek  and  Roman  use  the  plainer  orders  were  sometimes  decorated  with  color  and  gold.  Along  with  a 
fixed  proportion  of  parts,  an  order  contemplates  a  certain  ^spacing  of  columns.  These  quantities  vary  with  the 
different  orders,  the  more  massive  Doric  columns  being  set  close  together  and  the  slender  Corinthian  farther 
apart.  An  appearance  of  slenderness  is  given  to  the  columns  by  concave  flutings  on  the  shaft,  while  at  the  same 
time  the  optical  illusion  of  central  diminution,  observed  in  a  cylindrical  shaft,  is  ovarcome  by  forming  the  columns 
with  a  convex  curve  diminishing  to  the  top.     This  is  referred  to  as  entasis. 

The  orde<^  have  long  since  lost  their  character  as  primary  supporting  members,  and  have  become  almost  wholly 
elements  of  design.  The  skilful  use  of . them  to  indicate  rather  than  to  furnish  actual  strength  is  the  province  of  the 
designer.  This  element  of  aesthetic  values  is  one  which  prevents  architecture  from  becoming  anjexact  science. 
Such  values  cannot  be  determined  by  computation  and  set  down  in  tables,  like  the  safe  working  strength  of  steel 
beams.     Within  the  rigid  limits  of  customary  use  a  wide  field  of  variation  is  open  to  the  designer. 

2e.  Architectural  Ornaments  of  the  Renaissance. — Renaissance  moldings  con- 
sist of  curved  surfaces,  concave  and  convex,  or  of  a  multiple  curvature,  applied  to  the  bases,  capi- 
tals and  cornices  of  this  style  of  architecture.  The  surfaces  of  these  moldings  are  frequently 
enriched  by  carved  ornament,  such  as  the  acanthus  leaf,  the  egg  and  dart,  lambs  tongue,  bead 
and  reel,  flutings,  the  wave  ornament,  the  guilloche  or  interlace,  the  honeysuckle,  the  garland 
and  the  Greek  key  or  labyrinth.  These  are  the  most  common  of  the  continuous  ornaments. 
Beside  these  a  number  of  ornaments  are  employed  such  as  the  antefix  or  acroteria,  sometimes 
employed  as  a  cresting  above  a  cornice,  the  lions  head,  the  cadeuceus.  Columns  are  sometimes 
replaced  by  standing  female  figures  called  caryatids,  or  male  figures  called  Atlantes.  The 
Doric  frieze  is  ornamented  with  the  trigylph,  .a  vertical  figure  of  three  units  placed  regularly  over 
the  columns.  Between  these,  in  what  are  called  metopes,  are  placed  ornaments  representing 
ox-skulls  and  garlands.  Under  the  projecting  portion  of  the  cornice  of  this  order  a  flat 
ornament  is  used,  called  the  mutule.  This  is  replaced  in  the  Corinthian  by  a  scroll  bracket. 
Acroteria  are  placed  at  the  peak  of  the  gable  or  pediment  and  at  the  eaves.  The  Roman  Doric  is 
ornamented  in  a  different  manner  from  the  Greek.  Sculpture  is  used  in  various  ways  to  deco- 
rate buildings  in  this  style.  Besides  figures  in  relief  on  the  frieze  of  the  cornice,  free  statues 
maybe  placed  at  various  points  either  on  the  stylobate,  as  on  the  Bureau  of  American  Repub- 
40 
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lies  at  Washington,  or  upon  the  parapet  or  attic  story.     In  the  case  of  the  Triumphal  Arch, 
horses  and  a  chariot  may  crown  the  sructure.     This  is  called  a  quadriga. 

2/.  Modem  Styles. — The  principal  architectural  styles  in  America  are  the 
Renaissance  and  the  Gothic.  Other  styles  have  attained  a  temporary  vogue  at  times  through 
the  exceptional  merit  of  some  designer.  Among  such  is  the  Romanesque  style  as  developed 
by.H.  H.  Richardson,  an  architect  of  Boston. 

The  Renaissance  was  reestablished  in  this  country  by  the  extraordinary  display  of  talent 
at  the  Worlds  Columbian  Exposition  in  1892. 

The  Gothic  style  for  ecclesiastical  buildings  and  for  some  of  the  universities,  has  been 
restored  to  favor  by  the  excellent  work  of  a  few  talented  architects. 

The  Bucoesflful  application  of  these  styles  appears  to  depend  largely  on  the  proportions  of  the  buddings  in 
question.  Where  the  main  dimensions  are  horisontal,  the  Renaissance  appears  to  be  moet  commonly  euooeesful. 
For  those  exhibiting  a  preponderance  of  vertical  masses  the  Gothic  style  seems  to  be  well  euited.  Either  of  the 
styles  is  pleasing  for  buildings  of  certain  types,  where  extremes  of  dimensions  do  not  ordinarily  occur.  In  this  way 
the  collegiate  Gothic,  so-called,  is  adaptable  to  school  buildings  faced  with  brick  work.  The  absence  of  horisontal 
members,  common  to  the  Renaissance,  affords  considerable  freedom,  while  the  Gothic  system  of  ornamentation 
gives  room  for  emphasis  of  prominent  parts.  Many  of  these,  however,  can  be  treated  equally  well  in  simplified 
Renaissance.  In  private  house  work  of  the  better  class  the  designs  follow  the  two  principal  styles  in  use.  A  num- 
ber of  actual  reproductions  of  European  dwellings,  more  or  less  accurate,  exist,  but  the  majority  of  designs-follow 
a  free  Renaissance  in  so  far  as  they  are  capable  of  being  classified.  Architecture  in  America  is  now  passing  through 
a  transitional  period  and  may  easily  develop  into  a  new  interpretation  based  on  modem  use  and  new  Btnieturml 
materials  such  as  concrete,  steel,  stucco  and  hollow  tile. 


PUBLIC  BUILDINGS^— GENERAL  DESIGN 

By  Arthur  Pbabody 

8.  Court  Houses. — The  typical  court  building,  which  may  be  enlarged  to  meet  more 
complicated  conditions,  comprises  a  court  room  of  good  size,  with  chambers  adjacent,  sufficient 
to  accommodate  the  several  judges  holding  court  at  that  place.  A  private  office  adjacent 
to  each  is  required.  Two  or  more  jury  rooms  are  necessary,  of  about  14  X  20-ft.  dimensions; 
between  these  a  sheriff's  office  with  entrances  to  control  both  rooms.  Waiting  rooms  for 
witnesses  are  required.  One  or  more  detention  rooms  are  necessary,  where  convenient  access 
to  the  jail  is  not  provided.  The  offices  of  the  county  clerk,  treasurer,  surveyor  and  other 
officials  will  be  located  in  the  building,  usually  in  the  first  Story.  The  arrangement  of  the 
court  room  is  that  of  a  hall  with  the  judge's  desk  on  a  platform,  a  space  for  attorneys,  clerk 
and  stenographers  about  a  large  table,  and  a  space  for  witnesses.  The  twelve  jury  seats  are  at 
one  side,  frequently  on  the  left,  within  a  separate  railing.  The  seats  are  raised  above  the  floor 
on  a  stepped  platform.  The  witness  box  is  placed  between  this  and  the  judge's  platform,  for 
convenient  hearing.  The  room  requires  special  lighting  and  ventilation,  and  should  have 
good  acoustic  properties.  The  judges'  suites  should  have  separate  toilets.  Separate  toilets 
should  be  provided  for  each  jury  room,  detention  or  waiting  room  and  for  the  public.  A 
library  room  is  desirable,  but  in  small  court  houses  is  not  imperative.  The  treasurer  and  the 
county  clerk  will  require  large  storage  vaults  with  a  money  vault  for  the  treasurer. 

Ordinary  room  sises  for  small  court  houses: 

Court  room 30X50 

Judges'  chambers 14  X  20 

Judges'  private  offices 14  X  20 

Library 14  X  20 

Jury  rooms  (2) 14  X  20 

Sheriff's  office 14  X  20 

Witness  waiting  room 14  X  20 

Detention  rooms  with  private  toilet 10  X  14 

County  clerk's  office 14  X  20 

1  Buildings  for  the  United  States  Government  are  not  included  as  these  are  usually  designed  by  the  Super* 
vising  Architect  of  the  United  States.     State  capitols  are  also  omitted. 
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County  derk'B  private  office 12  X  14 

Treasurer's  office 14  X  20 

Treasurer's  private  office 12  X  14 

Vaults  for  each 6    X  14  to  20 

Surveyor's  office 14  X  20 

Health  department 14  X  20 

Assessor's  office 14  X  20 

4.  Town  Halls. — The  town  hall  contains  a  large  assembly  room  with  a  moderator's 
platform  and  desk.  A  space  for  the  town  clerk  and  other  officials  is  railed  off  adjacent.  The 
remainder  of  the  hall  is  provided  with  seats  for  the  voters  at  the  rate  of  8  sq.  ft.  per  person.* 
A  visitors'  gallery  is  desirable.  At 
Bourne,  Mass.,  the  offices  are  in 
the  front  part  and  the  hall  at  the 
rear.  The  offices  should  be  of 
good  size,  with  counters  for  the 
public.  At  North  Hampton  the 
hall  is  in  the  second  story,  the  town 
business  being  conducted  on  the 
ground  floor. 

In  some  examples  detention  rooms 
are  provided'  in  the  building  for  persons 
accused  of  misdemeanors.  Such  rooms 
should  comply  with  the  restrictions  de- 
scribed under  lockups.  Most  state  laws 
forbid  detention  rooms  in  basements. 

6.   City     Halls     or    Municipal      Fzo.  l.— Plan  of  second  floor  of  Municipal  Building.  Plainfield,  N.  J. 

Buildings. — The  city  hall  is  a  de- 
velopment to  meet  the  needs  of  the  ordinary  city  government.  The  meeting  room  of  the 
common  council  will  require  50  sq.  ft.  per  member.  Ante-rooms  and  committee  rooms  are 
required,  and  offices  for  certain  officials.  The  mayor's  suite  will  comprise  a  waiting  or 
reception  room,  general  office,  16  X  24  ft.,  a  private  office  and  toilet.  The  other  officials 
requiring  one  or  more  offices  will  be  the  city  clerk,  tax  assessor,  street  commissioner,  depart- 
ment of  health,  department  of  charities,  department  of  building,  city  treasurer,  city  surveyor 
or  engineer,  and  others. 

Ordinary  room  sixes  will  be 

Council  room 25  X  40 

Committee  rooms 12  X  25  to  20  X  25 

Mayor's  general  office 20  X  45 

Mayor's  private  office 20  X  28 

City  clerk's  office 20  X  28 

Assessor's  office 20  X  28 

Street  commissioner's  office 20X28 

Department  of  health 

Department  of  charities 

Inspector  of  buildings 

City  treasurer 

City  engineer 

Private  offices  generally 12  X  14 


.Each  20  X  35 


6.  Pablic  Libraries. — The  essential  features  of  a  library  building  are:  the  reading  room, 
book  room  and  delivery  space.  A  typical  arrangement  has  the  delivery  desk  at  the  center  of 
the  public  room,  with  the  card  catalogue  conveniently  placed,  the  children's  reading  room  at 
one  side,  adults'  at  the  other,  and  the  book  stacks  at  the  rear.  Open  shelves  are  disposed  along 
the  walls  of  the  reading  rooms  for  reference  books. 

The  book  r(K>m  will  be  equipped  with  metal  stacks,  self-contained  and  resting  upon  steel  beams.  The  load 
imposed  by  the  stacks  will  amount  to  150  lb.  per  sq.  ft.  for  each  story  of  the  book  stack.  The  windows  at  the  ends  of 
the  stacks  light  the  intervals  between  them.     Electric  lights   between  each  row  are  necessary.     A  book  lift  is 
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provided  in  mobt  Ubrariw.  Libraries  are  frequently  provided  with  museum  spaces  and  small  lecture  rooms  equipped 
for  stereoptieon  or  moving  picture  talks.  The  working  rooms  comprise  the  librarian's  oflSces,  unpacking  and 
repairing  rooms,  cataloguing  room,  manuscript  rooms,  rest  rooms  and  travelling^ibrary  receiving  and  ahipping 
rooms. 

The  construction  of  library  stacks  has  become  specialised  to  such  an  extent  as  to  make  it  advisable  to  follow 
standard  details.  The  open  shelving  in  the  reading  rooms  may  be  of  wood  construction  to  harmonise  with  the 
architectural  treatment  of  the  room. 

7.  Fire  Engine  Houses. — The  first  story  will  contain  the  steam  fire  engines,  hose  carts 
and  chemical  extinguishers.     For  these  the  following  spaces  are  required: 

Fire  engines,  each  8  X  24  ft. 
Hose  carts,  each  8  X  24  ft. 
Ladder  wagons,  each  8  X  55  ft. 
Chief's  wagon  8  X  20  ft. 

Where  horses  are  employed, 
for  each  piece  of  apparatus 
there  should  be  three  to  four 
horse  stalls  along  the  sides  or 
at  the  rear  of  the  room. 

Feed  storage  and  litter  space  is 
required.  Where  auto-cars  are  used, 
the  dimensions  will  be  approximately 
the  same.  The  office  of  the  fire  chief 
will  be  on  the  first  story.  A  toilet 
should  be  provided  for  the  firemen. 
The  second  story  will  contain  sleep- 
ing rooms  and  dormitories  for  the 
men,  together  with  a  reading  and 
lounging  room.  At  some  point  in  the 
building  a  tower  or  shaft  is  provided 
for  handling  hose. 

8.  Hotels.— The  lobby  k 
approached  by  a  principal  en- 
trance and  ladies'  entrance. 
This  contains  the  office,  eleva- 
tors, cigar  and  news  stand,  tele- 
phone and  telegraph  oflSce  and 
a  small  parlor  for  women.  A 
private  office  for  the  manager 
is  required.  The  other  rooms 
are  the  dining  room,  cafe  or  tea 
room,  with  areas  computed  at 
20  sq.  ft.  per  sitting,  the  bar 
and  lounge,  the  service  room,  with  elevator,  check  room  for  coats  and  bags,  trunk  room  and 
at  a  convenient  point  the  barber  shop  and  men's  toilet.  The  street  fronts  may  contain  a 
drug  store  and  furnishing  store  with  entrances  from  the  lobby.  The  dining  room  and  cafe 
will  be  preferably  on  the  first  floor,  or  higher  up  according  to  the  limits  of  the  property. 
It  is  economical,  as  regards  operation,  to  have  the  kitchen  on  the  dining  room  leveL  The 
plan  and  equipment  of  the  hotel  kitchen  and  storage  spaces  is  a  highly  specialized  problem 
and  should  be  studied  in  considtation  with  makers  of  kitchen  equipment.  Mechanical 
refrigeration  is  to  be  preferred. 

Most  hotels  contain  a  ball  room  of  about  the  area  of  the  dining  room.  The  second  floor  will  contain  the  princi- 
pal parlor  and  retiring  room  for  women,  which  may  be  in  connection  with  the  ball  room.  There  should  be  a  smal- 
parlor  and  toilet  for  men  in  this  case.  The  writing  room  may  be  on  the  first  or  second  story.  In  the  latter  case 
a  small  writing  rfiom  or  alcove  should  be  provided  on  the  first  floor  adjacent  to  the  lobby.  Sample  rooms  for  travel- 
ling salesmen  should  be  16  X  20  ft.,  well  lighted. 

The  upper  stories  will  be  occupied  by  the  hotel  rooms.     These  will  vary  from  11  X  14  ft.  to  16  X  20  ft.  with 
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a  number  of  suiteB  having  prirate  parlors,  20  X  24  ft.  in  some  hotela.  Besides  there  will  be  a  linen  room,  utility  room 
and  maids'  closets  on  each  floor.  The  typical  hotel  room  is  designed  on  one  of  two  plans.  The  most  desirable 
arrangement  is  to  place  the  bath  on  the  outside  wall,  between  rooms,  with  doors  entering  each.  The  closets  are 
placed  next  to  the  corridor.  In  the  other  plan  the  bath  is  placed  at  the  corridor  end  of  the  room  and  the  closet 
next  the  entrance.  This  affords  no  light  to  the  bath  rooms  and  makes  good  ventilation  more  difficult.  The  bath 
room  is  intended  to  be  available  to  either  room  at  wilt  The  adjustment  of  the  closets  may  permit  two  rooms  to  be 
thrown  together.  The  corridors  will  be  8  ft.  wide.  A  space  adjacent  to  the  elevators  is  provided  for  the  floor 
custodian.  Helps'  quarters  are  ordinarily  at  the  top  of  the  building.  Segregation  is  necessary  in  this  ease,  with 
ample  bath  and  toilet  rooms  for  both  sexes. 

9.  Club  Houses. — The  general  requirements  of  a  club  house  are  similar  to  those  of  a 
small  hotel.  The  special  features  will  d^end  upon  the  elements  empha&ized,  such  as  athletics, 
golf,  yachting.  Dormitory  rooms  and  suites  are  common  to  many  clubs.  The  service  provi- 
sions, kitchen  and  helps'  quarters,  the  dining  room,  grill  room,  private  dining  rooms,  game  and 
card  rooms,  need  ample  spaces  per  capita.  Cloak  rooms  and  locker  space  for  members  should 
be  convenient  and  of  easy  access. 

10.  Colosseums — Conyention  Halls. — The  ordinary  colosseum  or  convention  hall  will 
comprise  an  auditorium  to  contain  a  large  number  of  seats.  The  rate  of  7  to  8  sq.  ft.  per  seat 
will  be  sufficient.  The  speaker's  platform  should  be  rather  high  and  of  sufficient  size  for  seating 
perhaps  100  to  300  persons.  The  floor  is  usually  flat,  so  that  the  building  may  be  used  for  ex- 
hibitions and  other  activities,  but  may  be  designed  with  a  moderate  slope  toward  the  platform. 
In  other  cases  the  building  is  provided  with  banked  seats,  a  portion  of  which  is  constructed  so 
that  sections  may  be  revolved  toward  the  front,  and  the  capacity  of  the  hall  reduced  as  desired. 
Galleries  will  be  required  where  the  general  public  must  be  admitted  to  certain  parts  of  the 
hall,  while  delegates  occupy  the  main  floor  space.  The  exits  and  toilets,  provisions  for 
safety,  etc.,  will  be  controlled  by  city  ordinances  or  state  building  codes.  Judicious  distribu- 
tion of  these  utilities  is  necessary  to  avoid  congestion.  Ample  committee  rooms  and 
administration  offices  must  be  provided,  together  with  storage  space  for  chairs  not  in  use.  The 
heating  and  lighting  should  be  ample,  but  not  excessive.     Ventilation  by  gravity  is  sufficient. 

11.  Railway  Stations. — ^The  typical  railway  station,  aside  from  large  terminal  stations, 
comprises  a  ticket  office  with  a  bay  window  overlooking  the  trackage,  waiting  rooms  at  either 
side  for  men  and  women,  giving  a  space  of  25  sq.  ft.  per  person  in  the  ordinary  case;  adjacent 
to  these  a  baggage  room  and  toilets  for  both  sexes. 

A  restaurant  or  lunoh  counter  is  provided,  convenient  to  the  train  platform  or  to  the  waiting  rooms.  The 
freight  warehouse  and  office  may  be  connected  to  the  passenger  station  by  a  covered  way.  The  information 
bureau  and  news  stand  is  frequently  combined  in  small  stations.  The  stations  are  usually  one  story  high  except 
where,  in  the  central  portion,  offices  for  the  train  master  are  placed  overhead. 

12.  Universities. 

12a.  Ground  Required. — The  area  necessary  for  a  great  university  cannot  be 
determined  on  the  sole  basis  of  utility.  Other  elements  enter  into  consideration,  such  as  the 
probable  number  and  character  of  activities,  the  space  required  for  an  adequate  and  dignified 
approach,  the  necessity  for  light  and  air,  and  the  desirability  of  a  picturesque  arrangement. 
The  possible  increase  in  attendance  and  of  the  number  of  courses  to  be  offered  in  the  near  future 
affect  the  problem.  It  is  advisable  to  secure  as  much  land  as  possible  at  once  and  to  see  that 
no  insurmountable  obstacles  will  prevent  enlargement.  Advantage  should  be  taken  of  a  water 
front  for  a  picturesque  view  and  opportunity  for  water  sports.  Level  ground  for  athletic 
fields,  together  with  a  rise  of  ground  for  the  location  of  buildings,  are  among  the  elements  of 
importance  in  selecting  a  site. 

126.  Preliminary  Design. — A  preliminary  design  should  be  secured  where  a 
new  university  is  contemplated  or  where  considerable  enlargements  to  an  existing  institution 
are  at  all  probable.  Such  a  plan  will  prevent  unfortunate  errors  in  the  location  of  buildings, 
drives,  walks,  etc.  It  may  not  be  necessary  or  desirable  to  fix  absolutely  the  use  of  each  building 
in  a  general  design.  Certain  areas  should  be  designated  for  the  several  colleges,  within  which  a 
certain  freedom  of  choice  may  be  left  to  the  future  designer.  The  relation  of  the  several  col- 
leges to  each  other  should  be  carefully  studied  to  secure  convenience  and  efficiency. 
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12o.  Buildings. — Modem  universities  comprise  educational  sections  or  colleges 
as  follows:  Letters  and  Science,  Law,  Medicine,  Engineering,  Art  and  Architecture,  Agriculture, 
Military  Science  and  Training,  and  University  Extension.  Besides  these,  other  departments 
are  as  follows :  Student  Help  and  Recreation,  Sports  and  Athletics,  and  Administration. 

12d.  College  of  Letters  and  Science. — For  buildings  in  the  colleges  the  follow- 
ing^ room  sizes  may  be  taken  as  an  average: 

Class  rooms,  16  sq.  ft.  per  student,  at  30  per  room. 

Lecture  rooms,  10  sq.  ft.  per  student,  at  100  per  room. 

Lecture  halls,  8  sq.  ft.  per  student,  at  500  per  room. 

Offices  should  have  150  sq.  ft.  per  man.     Departmental  libraries  should  have  about  10,000 
books  capacity,  with  receiving  desk  for  the  attendant. 

Laboratories  for  physics,  ohemiatry,  biology,  etc.,  will  be  somewhat  similar  as  regards  requirements  for  space. 
Laboratory  rooms  will  average  50  sq.  ft.  per  student.  Small  laboratories  for  advanced  work  are  necessary.  The 
sise  14  X  24  ft.  may  be  taken  as  a  unit.  Lecture  rooms  and  lecture  balls  require  ample  room  for  preparations, 
instruments  and  materials.  The  windows  must  be  quite  large,  1  sq.  ft.  to  5  of  the  floor  space,  arranged  for  darkening 
by  shades  or  panels  operated  by  hydraulic  or  electric  motors.  More  than  one  exit  from  a  large  lecture  room  is  re- 
quired, and  where  possible,  one  should  lead  directly  out  of  the  building. 

For  chemistry  the  principal  requirement  is  for  chemical  desks  with  acid  proof  tops  with  gas  and  water  supply 
and  waste,  sinks  at  the  ends  and  cupboards  underneath;  beside  these,  reagent  shelves,  fuming  cabinets  and  balance 
rooms.     A  chemical  store  room  and  dispensary  is  necessary. 

For  phsrsics  laboratories  absence  of  vibration  is  imperative.  Concrete  construction  is  advantageous.  Physios 
deskb  are  arranged  along  the  walls  under  the  windows  and  are  equipped  with  electric  outlets,  gas  and  compressed  air. 
Concrete  piers  are  required,  and  special  cabinets  for  apparatus.  A  mechanicians'  shop  is  necessary  with  metal 
working  machinery  for  the  most  part.  Rooms  for  special  apparatus  are  reqtiired  for  both  chemistry  and  physics. 
Where  photography  is  made  part  of  the  course  in  chemistry  or  phjrsics,  speciirf  equipment  is  necessary.  There  will 
be  laboratories  for  the  study  of  electricity,  light,  heat,  sound,  wireless  telegraphy,  liquid  air  and  gas. 

Biology  requires  microscope  tables  wider  at  one  end  and  set  at  right  angles  to  the  windows  which  should  be 
large,  without  cross  bars  of  any  sort.  Chemical  desks  are  needed;  also  ovens,  fuming  cabinets,  refrigeration  rooms, 
dark  rooms,  rooms  for  constant  temperatures,  green  houses  and  glass  covered  laboratory  rooms  and  animal  houses 
partly  under  glass.  Ponds  open  to  the  air  are  required  and  aquaria  of  various  sorts;  also  a  photographic  room  for  re- 
cording results.  An  exhibit  museum  should  be  prominently  located.  A  space  on  the  first  story,  preferably  a  large 
entrance  foyer,  is  ideal.  The  herbarium  for  botanical  collections  and  the  working  mu{>eum  of  shells,  skins,  skeletons, 
and  insects  in  the  division  of  xoology,  collections  of  alcoholics  and  specimens  preserved  in  other  liquids  will  require 
considerable  space. 

12e,  Co^ege  of  Law. — The  requirements  of  thb  college  are  lecture  and  class 
rooms,  reading  rooms,  and  the  law  library.  A  good  number  of  offices  are  needed.  The  class 
rooms  require  more  space,  about  20  sq.  ft.  per  student.  Such  class  rooms  are  furnished  to 
advantage  with  narrow  desks  to  accommodate  the  text  books  which  are  large.  In  some  cases 
two  men  are  seated  at  one  desk.  Law  students  are  older  than  students  in  the  university 
courses  and  require  larger  furniture. 

The  law  library  should  have  a  regular  book  stack  for  special  texts  and  a  large  reading  room  with  open  shelves 
for  standard  works.  The  room  should  be  very  well  lighted,  ventilated  and  furnished  with  indirect  lamps  for 
evening  work. 

One  or  more  lecture  rooms  of  about  300  seats  are  required,  according  to  the  schedule  of  lectures. 

12/.  College  of  Medicine. — The  theory  of  medicine  includes  anatomy,  physi- 
ology and  pharmacology.  The  laboratories  will  require  tables  or  desks  furnished  with  gas, 
compressed  air,  electric  current.  Microscope  tables  are  extended  under  the  windows  which 
should  have  as  few  cross  bars  as  possible.  Special  fuming  cabinets  strongly  ventilated  are 
necessary. 

A  gas  crematory  furnace  is  needed  in  the  anatomical  laboratory  and  vent  flue  to  the  roof. 
A  refrigerated  vault  for  subjects  is  required  together  with  storage  rooms  for  specimens  in  alcohol. 

For  all  these  laboratories  there  should  be  animal  rooms.  Open  air  runs  for  the  dogs  should 
be  on  the  roof  surrounded  by  brick  walla  not  less  than  8  ft.  high.  The  drainage  from  these  runs 
and  all  animal  quarters  should  be  well  cared  for,  and  provision  made  for  hosing  out  at  frequent 
intervals.  Animals  need  out-of-door  air  and  may  be  provided  with  winter  and  summer 
quarters.  A  small  private  lift  from  the  laboratory  floors  to  the  roof  is  extended  to  the  ground 
level.    Cages  for  dogs  have  wire  fronts  and  30  sq.  ft.  area  for  each  animal. 
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Clinic.^-The  olinio  building  should  comprise  offices  for  the  head  phybician,  a  general  waiting  room,  registration 
rooms  and  record  rooms,  14  ft.  square.  The  general  waiting  room  to  contain  50  persons  at  once  will  require  15  sq. 
ft  per  person.  A  separate  women's  waiting  room  is  desirable;  also  dressing  and  examination  rooms,  about  8X12  ft.* 
sufficient  for  examining  20  %  of  the  capacity  of  the  waiting  room  at  one  time.  The  temperature  of  the  examination 
rooms  will  be  kept  to  at  least  74  deg.  and  the  rooms  must  be  light  and  well  ventilated.  Sound  proof  partitions 
between  units  should  be  provided. 

The  hpapital  or  infirmary  should  have  an  adequate  equipment,  such  as  an  elevator  adjacent  to  the  ambulance 
entrance,  of  sufficient  bize  to  receive  a  hospital  cot.  The  corridor  should  be  not  less  than  0  ft.  wide  and  the  room  doors 
4  to  4^^  ft.  wide  so  that  a  cot  may  pass  them.  The  stairs,  separated  from  the  corrioor  by  glass  doors,  should  be  4H 
ft.  wide  to  permit  a  stretcher  to  be  taken  down.  The  nurses'  stations  on  each  floor  will  be  perhaps  14  X  20  ft.  with 
the  call  desk  and  signal  service  and  the  debks  for  each  nurse  keeping  records.  The  hospital  will  be  di\  ided  into  two 
units  per  floor,  shut  off  from  the  main  stair  corridor  by  glass  doors.  Each  unit  will  require  a  fully  appointed  bath 
room  and  separate  toilet,  utensil  room,  linen  closet,  and  locker  room  for  street  clothes.  The  rooms  may  be  for  single 
patients,  or  for  two  in  a  room,  with  wards  of  not  over  four  beds  as  a  maximum.  Diet  kitchens  for  each  floor  are 
required.  The  etherising  and  operating  room  should  be  near  the  elevator.  The  kitchen  and  store  rooms  in  the 
basement  will  be  sufficient  with  dumb  waiters  to  the  several  stories,  preferably  to  the  diet  kitchens  direct.  The  other 
basement  rooms  will  be  X-ray  room,  baking  room  and  one  or  two  photographic  rooms. 

The  retearch  hospital  will  contain  a  number  of  laboratories.  The  division  into  isolated  units  will  t>e  more 
frequent  than  in  the  general  hospital  and  more  single  rooms  will  be  used. 

12g.  College  of  Engineering. — The  class  room  building  will  be  similar  to  the 
building  for  letters  and  science.  The  same  areas  per  student  will  be  required.  Spaces  in  the 
basement  may  be  used  for  instrument  rooms,  mechanicians  shop  and  general  utility  rooms. 
Drafting  rooms  should  be  provided  with  indirect  electric  lighting  for  evening  work.  Labora- 
tories should  be  quite  separated  from  the  academic  building,  and  for  that  reason  a  limited 
provision  for  class  rooms  should  be  made  in  some  of  the  laboratories. 

Steam  and  Qaa  Engine  Laboratory. — Preferably  a  long  building  about  40  ft.  wide  with  spaces  for  engines  on  both 
sides  of  a  central  aisle.  The  engine  foundations  should  be  formed  to  permit  ready  installation  and  removal  of 
engines  of  various  types.  There  should  be  a  basement  underneath,  for  supply  and  exhaust  piping,  with  ample  head 
room  under  the  piping;  also  an  overhead  electric  crane  for  moving  large  units.  Good  ventilation,  and  overhead 
lighting  by  saw  tooth  roofs  or  otherwise,  as  well  as  efficient  electric  lighting  are  required.  The  building  should 
be  simide,  like  the  machine  room  of  a  factory. 

Bnoineering  Shops. — Similar  to  the  engine  laboratory,  but  without  a  basement.  Electric  conduits  are  needed  for 
individual  drives  of  machines;  abo  rooms  for  wood  and  metal  working,  forging,  pattern  making,  casting  and  finishing. 

Electric  Engineering  Laboratory. — Similar  to  the  engine  laboratory,  without  a  basement,  but  with  a  central 
conduit  for  electric  current  main  wires.  Dark  rooms  for  certain  lines  of  study  are  needed;  also  laboratories  for 
testing  wires,  conduits,  lamps,  etc.,  transmission  of  current  and  electric  transmission  of  sound  in  telephones, 
telegraph,  and  the  electric  furnace. 

Mining  Engineering  and  MetaUvrgy. — A  model  ore  dressing  equipment  and  stamp  mill  require  a  height  of 
approximately  25  ft.  The  furnaces  are  of  masonry  and  quite  heavy.  Chemical  laboratorieb  in  connection  will  take 
50  sq.  ft.  per  student. 

Chenieal  Engineering  is  allied  to  the  operative  side  of  mining  and  metallurgy.  The  furnace  work  produces 
great  volumes  of  acid  gas.  For  the  three  branches  above  noted,  it  may  be  necessary  to  provide  a  masonry  chimney 
for  gas  removal. 

Mater  tola  Testing  Laboratories  for  wood,  metal,  cement,  stone,  etc.,  will  occupy  as  much  space  as  the  engine 
laboratories.     The  building  should  not  be  over  two  stories  high  and  of  heavy  construction. 

Testing  Laboratories  for  pumps,  fans,  mills,  and  automatic  machines  will  require  as  much  space  as  the  materials 
testing  laboratory. 

Hydraulic  Engineering. — ^Laboratories  should  be  provided  with  tanks  of  considerable  sise,  arranged  for  the 
study  of  water  power  under  constant  or  variable  head.     A  lecture  room  with  a  demonstration  table  is  needed. 

Marine  Engineerir^g  and  Naval  Architecture. — A  special  branch  of  steam  and  electric  engineering.  Separate 
laboratories  for  advanced  work  required,  similar  to  other  engineering  laboratories.  Naval  architecture  or  ship 
design  will  require  class  and  lecture  rooms,  drafting  rooms  and  model  laboratories  similar  to  other  engineering 
laboratories  and  a  model  testing  pool  of  large  sise. 

Aviation  Engineering. — The  class  and  lecture  rooms  will  be  similar  to  those  for  marine  engineering.  The 
laboratory  work  must  be  supplemented  by  field  work  involving  a  considerable  area  of  ground  and  large  shelter  sh  eds 
for  the  machines. 

12h.  College  of  Architecture,  Art,  Music  and  Drama — Studios  for  Architec- 
ture.— For  the  study  of  architecture,  class  room  provisions  are  required  like  those  in  letters  and 
science — seminary  and  reading  rooms  for  sections  of  the  departmental  library  of  books,  photo- 
graphs and  plates,  and  rooms  for  models  and  casts  and  Em  e^diibit  room.  The  studio  rooms, 
large  and  small,  require  correct  lighting.  These  provisions  may  be  taken  as  standard  for  all 
studios  in  the  college  as  regards  the  academic  or  lecture  side  of  the  various  branches  of  art. 
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Special  conditions  as  to  ceiling  height,  north  lighting  and  work  rooms  in  connection  with 
studios  will  vary  according  to  the  special  branch.  In  connection  with  studios,  dressing  rooms 
with  locker  spaces  are  imperative  from  the  nature  of  the  work. 

Picture  Stvdio$.—8t\idi<»  are  for  drawing  and  painting,  including  oil  and  water  color  work,  charcoal  draw- 
ings, etc.  lighting  should  usually  be  obained  by  the  use  of  high  ceilings  and  north  illumination.  Separate  rooms 
for  elementary  and  advanced  work,  life  classes,  etc.,  should  be  included.  In  large  rooms  division  into  alcoves  is 
desirable. 

Mural  PainHng,  Scene  PainHng,  Freaco  Sttidioe. — Theoe  should  be  broad  and  high  to  a£ford  sufficient  distance 
for  asoertaining  values. 

Studioe  for  Setdpture. — Rooms  are  needed  for  clay  modeling,  marble  cutting  by  hand  and  power,  gelatine 
molding,  plaster  casting,  reducing  and  enlarging,  bronse  casting  and  finishing.  Sculptures  at  large  sise  require 
outside  qpaoes  for  experimental  mounting. 

Stttdioe  for  Houee  Decoration. — These  require  spaces  for  experimentation  at  full  sise.  F<v  this  purpose  rooms 
which  may  be  divided  into  alcoves  10  ft.  square  are  desirable.  The  surfaces  of  the  alcoves  should  be  fitted  to  receive 
color  decoration,  wall  papers,  tapestries,  etc,  which  may  be  removed  at  will.  This  branch  of  decorative  art  includes 
also  furniture,  hangings  and  floor  coverings. 

Decorative  Art  for  BuHdinge. — This  includes  wood  carving,  mosaic  work,  scaggliolas,  graffito,  marble,  metal  and 
glsM  work. 

Arte  and  Crajte. — These  comprise  the  ceramic  arts,  designing  and  decoration  of  objects  in  clay,  chinaand  fl^ass, 
small  metal  work,  jewel  grinding,  cutting  and  mounting,  and  small  wood  carving.  Power  equipment  is  neces- 
sary for  the  last  two  arts. 

lUuetraHve  and  lUuminating  Arte, — Book  illustration  and  illumination,  the  design  and  preparation  c^  plates, 
printing  blocks,  engravings*  half  tones,  photogravures  and  lithographs,  plain  and  colored,  leathw  tooling,  book 
binding,  gikiing,  etc.,  are  included  in  this  branch. 

Poatere  and  Adveftieementa. — Studios  for  this  branch  require  good  space  and  high  ceilings. 

PotrtraU  Photographic  Studioe. — A  general  studio  is  needed  with  ample  height  and  space  with  comidete  control 
of  light,  accessory  electric  lighting  and  flash  light  equipment:  also  dark  rooms  for  developing,  day  light  and 
electric  printing  space,  filing  space,  fireproof,  for  materials  and  prints,  storage  rooms  for  scenic  accessories.  A 
portion  of  the  space  is  arranged  with  seats  for  lecture  purposes,  arranged  to  secure  absolute  dark  for  certain  work. 

Mueic  and  Drama. — Studioe  would  be  small  and  numerous,  7  X  10  ft.  area,  suited  for  the  study  of  music  and 
oratory.  Dramatic  art,  aesthetic  dancing,  moving  picture  photography  require  good  space.  For  this  part  of  a 
building  a  system  of  heating  by  warm  air  would  obviate  the  transmission  of  sound  throiigh  the  piping  incidental  to 
steam  heating  apparatus.  The  floors,  walls,  ceilings  of  practice  rooms  should  be  insulated  by  sound  deadening 
material.  Care  should  be  taken  to  preserve  a  certain  resonance  in  the  individual  rooms.  For  solo,  orchestra  and 
dramatic  practice,  rooms  of  medium  site,  20  X  28  ft.,  are  required.  Moving  picture  studios  require  sufficient 
length  for  proper  focusing,  ample  room  for  the  movement  of  actors.  The  photographic  work  in  connection  will 
r«Hiuire  dark  rooms  0  X  10  ft.  and  printing  rooms  for  films,  etc.,  and  fireproof  storage  space. 

12t.  College  of  Agriculture. — ^The  general  course  in  agriculture  will  require 
laboratories  for  advanced  work  in  various  applied  sciences.  This  college  has  connection  with 
farmers,  stock  raLsers,  dairymen,  and  will  hold  institutes  during  the  year  in  the  main  building. 
This  building  will  contain  the  offices  of  the  dean  of  agriculture  and  committee  rooms  for  various 
purposes.  The  requirements  for  lighting  and  spaces  will  be  similar  to  the  academic  buildings 
for  letters  and  science.  In  all  other  buildings  dressing  and  locker  rooms  are  required,  computed 
as  in  the  case  of  gymnasiums. 

Laboratoriee  in  the  Agricultural  College. — Soil  study,  mainly  chemical  in  character  but  requiring  large  store 
rooms.     About  26  sq.  ft.  per  student. 

Farm  Sngineerii%gt  for  Demonetration  and  Sttidy  of  Machinee  and  Ifnp2em«nto.— Floor  areas  large*  for  heavy 
loads.     A  freight  elevator  required. 

Agronomy. — The  study  of  seeds,  grains,  etc.  Storage  space  in  small  bins,  and  laboratory  rooms  for  study  of 
seeds  are  needed.    A  space  of  20  sq.  ft.  per  student  in  laboratories  is  required. 

Dairyini^.— Butter  and  cheese  making.  The  work  is  partly  applied  chemistry.  A  machine  laboratory  is 
needed  for  demonstration  of  methods  and  processes.  In  connection  a  fully  equipped  dairy  and  cheese  factory  on  a 
small  scale  with  ample  refrigeration  and  storage  spaces  should  be  included.  The  product  is  usually  sold  at 
retail  so  that  a  sdling  department  is  required.  The  computation  of  sises  will  require  study  of  the  equipment 
intended  to  be  installed. 

Horticulture. — There  should  be  ample  storage  spaces  specially  ventilated  and  darkened  for  fruits,  vegetables, 
etc.  The  principal  work  will  be  on  planting,  grafting,  budding  and  trimming  of  trees,  vines  and  shrubs. 
There  should  also  be  a  small  laboratory  for  preparation  of  sprays,  etc.,  about  20  sq.  ft.  per  student. 

Applied  Entomology. — For  the  study  of  insects,  noxious  and  beneficial  to  farms  and  orchards,  cattle,  etc.,  and 
in  connection,  the  art  of  bee  keeping,  with  outside  space  for  apiaries. 

Animal  Huebandry. — The  work  in  this  course  is  conducted  largely  in  the  barns  and  fidds.  Dressing  rooms, 
showers  and  lockers  are  necessary,  with  a  number  of  reading  or  study  rooms  and  a  department  library.  Records, 
registers,  pedigrees  of  animals,  should  be  given  fireproof  space. 
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Stock  Pavilion. — The  minimum  sise  of  the  elliptical  arena  for  a  stock  pavilion  is  175  ft.  long  by  67  ft.  wide, 
'^thin  this  area  horsee  of  the  various.types  can  be  exhibited.  Riding,  hurdling,  etc.,  can  be  done.  The  entrance 
should  be  wide  enough  for  wagons.     About  this  arena  a  concrete  amphitheatre  of  ten  rows  will  seat  2600  people. 

The  other  buildings  in  this  department  will  be  for  horses,  cattle,  sheep  and  swine.  The  herds  will  not  be  large, 
but  the  buildings  shoiild  follow  the  best  practice  as  to  construction  and  operation. 

12;.  Military  Science  and  Training. — The  buildings  for  military  science  and 
training  may  be  combined  where  convenient.  The  drill  hall  should  have  an  area  of  about 
40,000  sq.  ft.,  as  nearly  square  as  convenient.  The  dimensions  of  various  drill  rooms  are  as 
follows:  196  X  200  ft.,  166  X  280  ft.,  175  X  308  ft.,  200  X  300  ft.  Smaller  armories  have 
halls:  90  X  190  ft.,  60  X  90  ft.,  75  X  105  ft. 

At  the  front  or  side  or  under  the  drill  room  should  be  showers,  toilets,  bowls.  One  or  more  rifle  ranges  are 
needed;  also  lecture  rooms  for  instruction  of  officers  and  special  oorpe,  office  rooms  for  the  commandant  and  staff, 
and  an  armourer's  work  room. 

The  difficiilty  of  maintaining  a  floor  of  large  sise  will  be  minimised  by  having  no  basement  under  the  drill 
room,  and  eonstructin^  a  pavement  of  earth  or  asphaltum  directly  on  the  ground.  The  other  portion  of  tho  .build- 
ing may  be  two  or  three  stories  in  height.  The  great  span  over  the  drill  room  leads  to  excessive  height,  but  the 
construction  should  be  kept  as  low  as  practicable.  Excessive  sky  lighting  is  not  desirable.  A  ratio  of  1  ft.  of 
skylight  to  8  or  10  ft.  of  floor  space  is  sufficient. 

Pftrade  grounds  should  be  as  large  as  practicable  up  to  20  acres  in  extent. 

12A;.  University  Extension. — This  department  will  offer  courses  to  persons  at  a 
distance.  The  requirements  comprise  a  number  of  working  offices  each  about  14  X  20  ft.,  with 
filing  spaces  for  documents  and  theses,  library,  and  a  book-room  space,  and  an  assembly  room  of 
200  sittings.  The  department  sends  out  package  libraries,  lantern  slides,  moving  picture  fibns, 
and  other  educational  matter  requiring  storage  space.  The  post  office  accommodation  will 
occupy  considerable  room  and  mail  chutes  will  be  necessary  from  the  upper  stories  of  the 
building. 

12L  Student  Help  and  Recreation. — The  buildings  under  this  head  are  the 
dormitories,  union,  and  commons. 

The  dormitory  consists  of  a  central  portion  containing  the  general  parlor  and  visiting 
rooms,  a  post  oflBce  room.  The  proctor  or  matron  has  a  suite  in  the  central  portion.  The 
remainder  of  the  building  contains  the  dormitory  rooms  10  X  14  ft.  for  single,  12  X  14  ft.  for 
double  rooms.  For  one  person  in  two  rooms  the  bedroom  is  7  or  8  X  14  ft.  and  the  study 
10  X  14  ft.  For  two  persona  in  three  rooms,  another  bedroom  is  added.  Each  bedroom 
contains  a  closet.  Toilet  and  shower  rooms  are  located  on  each  floor.  For  women  a  certain 
number  of  bath  tubs  is  added.  The  basement  contains  rooms  for  trunks  and  storage,  dining 
and  serving  rooms  and  kitchen. 

Dormitory  quadrangles  at  some  universities  enclose  a  court  accessible  only  to  students.  The  dormitory  units 
may  be  small,  of  about  24  rooms  in  three  stories,  or  larger  containing  50  rooms  per  story.  The  larger  units  are  less 
expensive  to  build,  but  the  smaller  ones  offer  opportunity  for  individual  donations  of  reasonable  amount. 

The  commons,  where  meab  are  served,  may  take  any  convenient  form.     At  the  Harvard  Memorial  the  dining 

room  is  quite  large.     In  other  cases  the  space  is  divided  into  several  dining  rooms.     Cafeterias  may  be  installed  at 

.  several  points,  all  served  from  a  central  1  itohen.     For  dining  spaces  15  ft.  per  person  is  ample.     Serving  rooms  eepe- 

eially  for  cafeterias  should  be  long  and  narrow,  open  on  the  front  as  in  public  cafeterias.     Some  room  is  gained  by  the 

use  of  balconies  for  dining  space.     The  central  kitchen  will  require  space  similar  to  what  is  common  in  hotels. 

The  union  or  clubhouse  contains  parlors,  social  rooms,  smoking  rooms,  game  rooms,  billiard  tables,  bowling 
alleys,  committee  and  society  rooms  and  headquarters.  It  may  have  an  assembly  hall  with  or  without  a  theater 
stage.     It  may  contain  a  trophy  room  for  prizes  taken  in  athletic  contests. 

12m.  Sports  and  Athletics. — University  athletics  comes  under  several  heads: 
Indoor  gynmasium  class  work.  Individual  work,  CJorrective  work.  Games,  and  Running. 

The  indoor  work  is  done  in  the  gymnasium  and  game  rooms.  Athletic  education  and 
development  is  constantly  changing,  but  the  regular  equipments  and  spaces  are  still  maintained 
in  good  measure.  The  minimum  floor  area  for  a  standard  gymnasium  is  determined  by  the 
standard  dimensions  of  a  basketball  field.  These  are  90  ft.  long  between  goals  by  55  ft.  wide. 
The  space  on  the  side  lines  should  be  at  least  3  ft.  and  at  ends  6  ft.  Outside  of  this  area  spaces 
for  bleachers  are  needed.  The  space  per  sitting  on  a  bleacher  is  20  X  27  in.  A  gymnasium 
room  should  be  computed  on  the  basis  of  50  sq.  ft.  per  person. 
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FIRST  FLOOR  PLAN 


The  running  track  thould  give  1 1-f t.  head  room  underneath.     The  track  is  6  ft.  wide,  circular  at  the  ends  and 

•hould  be  of  such  length,  measured  on  the  line  of  travel,  that  a  certain  number  of  laps  will  make  a  mile.     The  floKH* 

is  banked  sharply  around  the  ends,  diminishing  as  the  curve  meets  the  side  runs'.     The  usual  banking  is  IH  ft.  at  the 

high  point.  Around  the  edge  of  the  run- 
ning track  is  a  railing,  the  spaces  between 
posts  filled  with  smooth  wire  netting. 
Care  is  taken  to  have  no  projecting  knobs, 
or  points  about  the  railing.  In  some  gym- 
nasia, a  single  row  of  seats  is  placed  on 
the  running  track  balcony  inside  the  circle 
of  the  track,  overlooking  the  basketball 
field. 

Gymnasium  rooms  are  from  40  X  60 
ft.  for  a  small  Y.  M.  C.  A.  to  60  X  90  ft. 
as  a  standard  and  75  X  120  ft.  for  a  large 
gymnasium.  The  story  height  is  from  18 
to  22  ft.  The  entrances  and  stairs  may 
be  at  one  or  preferably  both  ends.  Adja- 
cent to  these  are  the  director's  office,  ap- 
paratus store  rooms,  locker  and  shower 
rooms  for  visiting  teams  and  students, 
and  toilets  for  both  sexes.  Where  the 
gymnasium  is  used  for  women  as  well  as 
men,  locker  and  shower  rooms  must  be 
duplicated.  Toilets  should  be  at  the  rate 
of  one  to  twenty  students,  based  on  the 
number  in  any  class. 

The  swimming  pool  may  be  used  in 
turn  by  both  sexes.  The  approaches 
should  be  well  separated  to  avoid  confu- 
sion. Between  the  dressing  rooms  and 
the  pool,  the  shower  rooms  will  intervene. 
Men's  shower  rooms  are  quite  open,  the 
shower  heads  being  along  the  sides  of  the 
room.  Women's  showers  must  be  pro- 
vided with  individual  stalls  with  dressing 
stalls  4  X  4  ft.  in  sise.  Lockers  should 
not  be  placed  in  these  stalls  but  in  a 
separate   room.      Where  the  number  of 

students  is  quite  large  a  system  of  wire  baskets  12  in.  wide,  12  in.  high  and  15  in.  deep  to  contain  gymnasium  suits 

is  economical.     In  this  case  lockers  for  the  number  of  students  in  the  classes  at  any  hour  will  be  sufficient,  or 

at  most  double  the  number  so  as  to  permit  one  class  to  drees  while  another  is  on  the  floor.     The  locker  wire  baskets 

are  stored  in  racks  in  a  basket  room  with  an  attendant.     The  rack  system  will  accommodate  three  times  as  many 

students  as  the  individual  locker  system. 

Shower  stalls  should  be  enclosed  in  separate  rooms  to  prevent 

steam  from  entering  the  locker  and  dressing  rooms  and  swimming 

pool  room.     The  ventilation  of  the  rooms  is  difficult  so  that  a  blast 

fan  system  is  desirable.     The  exit  vents  should  be  placed  near  the 

ceiling,  with  other  valved  openings  near  the  floor.     Some  form  of  vent 

hood  having  strong  suction  power  should  be  placed  on  the  exhaust  to 

operate  whien  the  fans  are  not  running. 

Game  rooms  20  X  40  ft.  for  hand  ball,  volley  balls,  squash, 

etc.,   must  be  plain,  well  ventilated  and  lighted.      The  number  of 

these  will  depend  on  conditions,  but  it  is  well  to  be  conservative 

about  introducing  too  many. 

Corrective  gymnastics  require  moderate  sised  rooms  similar  to 

game  rooms. 

Stadia  and  BaaebaU  Bleachera. — The  standard  dimensions  of  a 

football  field  are  300  ft.  long  between  goals  and  160  ft.  wide.     The 

running  track  is  outside  of  this  area.     The  length  is  1320  ft.  around 

the  track  for  a  quarter  mile  track  measured  at  one  foot  from  the 

inside.     The  width  of  the  track  is  20  ft.     The  straight  away  leads  o£F 

from  one  side.     The  front  rail  of  the  stadium  is  about  65  ft.  from  the 

outside  of  the  running  track.     In  front  of  the  rail  is  the  band  platform  64  X  20  ft.  and  a  row  of  players*    seats. 

The  stadium  is  constructed  of  wood,  steel  or  concrete,  usually  in  the  form  of  a  horse  shoe  or  open  ellipee,  to  allow 

sun  and  wind  to  enter.     The  dimensions  of  the  seats,  etc..  are  described  under  grandstands  in  State  Fair  Parks, 

p.  733.     At  the  top  of  the  stadium  a  space  for  the  reporters'  stand  is  desirable.     The  entrances  and  exits  of  the 

stadium  will  be  placed  as  most  convenient  and  must  be  adequate  for  large  gatherings. 


SECOND  FLOOR  PLAN 
FiGB.  4  and  5. — Suggestion  for  large  college  or  university  gymnasium. 


A  -Jog -15  feet  per  tte. 
B-H  mtls - 23  feet  per  see. 
C  •  X  mile  -20  feet  per  sec. 
D'  100  yard  .30  lest  per  tee. 

Fio*  6. — Theoretical  angles  for  a  running 
radius  of  25  feet. 
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The  baseball  grandstand  is  shaped  along  two  sides  of  a  right  angle  paraUd  to  the  ball  field  and  about  50  ft. 
from  it.  It  may  be  two  stories  high.  The  front  is  screened  with  wire  netting  to  prevent  accident  from  stray 
baseballs.  They  are  constructed  of  ste^  for  large  stands,  and  have  the  usual  dimensions  per  sitting.  Chairs  are 
employed  to  decrease  the  elevation  of  the  stand  which  is  formed  with  banlcs  to  afford  a  perfect  view  of  the  field  from 
all  points.     The  baseball  diamond  is  90  X  90  ft.  and  the  playing  field  300  X  300  ft. 

Field  Houses. — Where  the  grandstand  does  not  give  space  for  dressing  rooms,  etc.,  a  field  house  is  necessary  for 
the  teams.  A  foot  ball  eleven  or  a  baseball  nine  may  include  an  equal  number  of  substitutes  so  that  space  for 
18  to  22  men  on  each  team  should  be  provided.  Dressing  rooms,  a  shower  for  each  four  men,  two  closets,  urinals 
and  bowls  fcK*  each  team  are  adequate.  The  fixtures  should  be  arranged  to  drain  out  in  winter.  A  separate 
heating  apparatus  is  necessary,  where  steam  cannot  be  brought  from  a  neighboring  plant.  An  emergency  room 
is  required.     A  women's  field  house  requires  individual  dressing  stalls,  shower  stalls,  etc. 

The  usual  water  sports  at  a  university  are  swimming,  canoe  paddling,  shell  racing,  skating,  ice  hockey.  For 
these,  a  shore  bath  house  and  a  boat  house  are  necessary. 

The  bathhouse  will  cover  a  good  number  of  dressing  stalls  4  ft.  wide  by  6  ft.  long  as  a  maximum,  furnished  with 
locked  doors  opening  upon  an  aisle  5  to  6  ft.  wide.  A  water  tap  and  foot  tub  in  each  stall  is  desirable,  and  a  number 
of  hooks  for  clothes  and  towels.  Life  lines  and  safe  limit  marlcs  are  necessary  to  this  sport.  The  boat  house,  for 
rowboats  and  canoes  will  be  arranged  in  units  about  17  ft.  wide,  with  canoe  racks  3  ft.  6  in.  wide  by  2  ft.  high  on 
each  side  of  a  center  aisle  8  ft.  wide.  Eacn  unit  should  have  a  doorway  on  the  center  aisle  leading  to  the  i^atf  orm, 
10  ft.  wide,  and  an  apron  extending  to  the  water  and  furnished  with  rollers.  Between  each  apron  a  landing  pier 
3  ft.  wide  extends  perhaps  60  ft.  into  the  water.  A  boat  keeper's  room  with  a  pay  counter  is  required.  In  some 
idaoes  a  sleeping  room  is  necessary.  In  connection  with  the  boat  house  a  life  saving  power  patrol  boat  is  necessary. 
It  is  an  error  to  locate  passenger  boat  landings  in  close  proximity  to  a  boat  house  or  bath  house.  The  congestion 
due  to  discharge  of  passengers  and  the  danger  of  running  down  small  boats  or  swimmers  is  a  serious  objection  to  the 
plan. 

Winter  sports,  such  as  skating,  skate-sailing,  ice  boating,  and  games  on  the  ice  may  be  accommodated  by  the 
bathhouse  building,  especially  if  it  can  be  warmed.  For  evening  skating,  electric  light  poles  at  reasonable  intervals 
are  necessary.     The  skating  areas  should  be  marked  with  flags  or  otoer  signs  to  prevent  accidents. 

12n.  Administration. — ^The  president's  suite  comprises  a  general  office  perhaps 
16  X  24  ft.,  a  private  office  and  stenographer's  room.  The  registrar  requires  a  considerable 
office,  16  X  40ft.,  with  a  counter  for  ordinary  business;  a  private  office  for  consultation, 
private  stenographer's  room,  general  stenographer's  room  for  about  six  persons,  a  record  and 
filing  room  10  X  24  ft.  or  larger,  for  student  records,  bulletins,  catalogues,  etc. 

The  offices  of  the  deans  are  usiudly  located  in  the  main  building  of  their  college,  and  consist  of  a  general  office 
perhaps  20  X  24  ft.,  a  private  office  14  X  20  ft.  and  a  stenographer's  room. 

The  offices  of  the  business  manager  and  staff  will  comprise  a  general  office  16  X  24  ft.,  private  office  12  X  16  ft., 
and  stenographer's  room  12  X  16  ft.,  and  the  regents'  or  trustees'  meeting  room  20  X  32  ft.,  and  ante-rooms  14  X  20 
ft. 

The  bursar  will  require  a  business  office  16  X  40  ft.  with  counter  and  private  office,  accountants'  business 
office  of  about  the  same  size,  with  paymastei  's  counter.    The  purchasing  agent  will  need  about  the  same  space. 

Service  Building. — The  maintenance  and  repair  of  buildings  and  grounds  requires  a  building  of  about  25.000 
sq.  ft.  of  floor  space.     The  building  shoiild  have  a  freight  elevator. 

Central  Healing  Station. — The  central  heating  station,  of  four  or  five  thousand  horse  power  capacity,  will 
reqiiire  about  15,000  sq.  ft.  of  area  for  boilers,  engines,  dynamos,  etc.  A  plant  of  these  dimensions  must  be  designed 
by  a  heating  engineer. 

13.  Normal  Schools. — The  typical  normal  school  comprises  courses  in  general  education 
and  pedagogy.  In  connection  with  this  there  is  required  a  training  school.  Certain  schools 
specialize  on  particular  branches  of  education. 

There  will  be  required  buildings  for 

(a)  General  education  and  pedagogy,  including  library  and  assembly  hall. 

(b)  Training  or  practice  school  including  kindergarten. 

(c)  Gymnasium  with  pool. 

(d)  Central  heating  station. 

(e)  Dormitories. 

(/)  Buildings  for  special  branches,  such  as  (1)  agriculture,  (2)  manual  training  and  (3)  music  and  art. 
The  main  building  will  be  somewhat  similar  to  a  modern  high  school  building  of  the  first  class.  The  training 
school  will  be  similar  to  a  grade  school,  with  some  high  school  rooms.  Beside  these  there  will  be  a  series  of  rooms 
to  be  tised  as  observation  rooms  by  students  in  pedagogy.  These  open  into  class  rooms.  The  gymnasium  and 
heating  station,  dormitories  and  other  buildings  noted  will  be  similar  to  the  same  t31>e  of  buildings  at  universities, 
but  adapted  in  capacity  to  the  attendance  usual  at  normal  schools. 

14.  Public  Schools.^ — Public  schools  in  America  may  be  classed  as  rural  schools,  grade 
schools  and  high  schools. 

I  See  abo  chapter  on     School  Planning. 
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BunU  5cAoo2a.— The  one-t«aoher  rural  school  building  contains  a  single  class  room  of  standard  dimensions 
28  X  32  ft.  with  doak  rooms  adjacent.  Such  a  building  will  accommodate  40  pupils.  The  window  lighting  is  on 
one  side  of  the  room  only.  Heating  is  done  by  a  jacketted  stove,  connected  to  a  duct  which  admits  fresh  warmed 
air  to  the  building.  A  vent  duct  adjacent  to  the  smoke  flue  carries  away  the  foul  air.  Provide  separate  doak 
rooms  for  boys  and  girls,  a' fuel  doset  and  book  closet.  In  the  best  buildings  of  this  class  the  basement  is  excavated 
for  a  furnace,  and  inside  toilets  are  provided  for  both  sexes.  The  remainder  of  the  basement  space  may  be  used  as  a 
play  room  in  severe  weather. 

The  two-teacher  room  represents  the  usual  limit  of  the  rural  school  house  devdopment.  This  contains  two 
class  rooms  and,  in  the  best  examines,  a  library,  lunch  room,  toilets  for  both  sexes,  domestic  soienoe  and  manual 
training  rooms.  In  some  examples  the  two  class  rooms  may  be  thrown  together  for  special  occasions,  by  means  of 
multiple  doors  or  sliding  wood  curtains.  One  and  two-teacher  schod  buildings  sometimes  serve  the  community 
for  sodal  purposes.  Where  the  school  is  isolated,  so  that  to  go  from  a  boarding  place  to  the  school  house  in  winter 
would  be  a  hardship,  two-teacher  schools  are  arranged  with  an  upper  story  divided  into  a  small  apartment  to  be 
occupied  by  the  teachers.     In  other  examples  a  cottage  is  built  near  the  school  house. 

These  buildings  are  of  frame  construction  or  of  brick,  hollow  tile,  or  stone  masonry  according  to  conditions 
The  requirements  for  ventilation,  1200  to  1800  cu.  ft.  per  person  per  hour  measured  at  the  vent  duct,  and  of 
window  lighting  (1  ft.  of  glass  to  5  or  6  sq.  ft.  or  floor  area),  and  of  exits,  and  the  separation  of  sexes  apply  to  these 
buildings.     In  the  case  of  state  aid  schoob  these  requirements  are  imperative. 

Orade  SehooU  and  High  SehooU. — The  standard  primary  and  grade  school  building  is  from  two  to  three  stories 
high  and  contains  six  to  nine  class  rooms  on  each  floor  for  buildings  in  cities.  A  gymnasium  and  assembly  hall  are 
usual  accessories.  Domestic  science  and  manual  training  rooms  are  commonly  provided,  as  wdl  as  play  rooms. 
Toilets  are  located  in  the  basement  or  ground  floor.  The  buildings  are  frequently  symmetrical  about  an  axis, 
with  the  gymnasium  and  assembly  hall  in  the  rear  court.  The  class  rooms  are  of  the  standard  dimensions,  23  X  32 
ft.  or  affording  16  to  18-ft.  area  for  each  person,  with  a  ceiling  height  of  12  ft.  Main  corridora  are  from  10  to  14  ft. 
wide.  Glass  areas  equal  to  one-fifth  to  one-sixth  of  floor  areas  are  required.  Stairways  and  exits  at  or  near  to 
each  end  and  central  stairways  in  addition  are  usually  provided.  The  buildings  are  heated  by  steam  and  provided 
with  mechanical  ventilation  affording  from  1200  to  1800  cu.  ft.  per  person  per  hour.  Later  buildings  of  this 
tsrpe  are  fireproof.  Fireproof  corridors  at  least  are  required  in  two  story  buildings  in  most  states.  In  others  the 
first  floor  must  be  fireproof.  The  roofs  are  usually  of  timber  construction.  Risers  in  stairs  may  vary  from  6  in. 
high  by  11  in.  in  grade  schools  to  7  in.  high  by  11  in.  wide  in  high  schools.  Stairs  and  corridor  floors  are 
frequently  finished  in  terrasso.     The  same  style  of  floor  finish  is  employed  in  toilet  rooms. 

Class  rooms  commonly  have  a  wood  floor  finish,  maple  being  preferred,  laid  upon  the  concrete  floor,  and  fast- 
ened to  nailing  strips  spaced  about  16  in.  on  centers.  Such  floors  may  be  given  a  durable  finish  by  a  flowing  coat 
of  linseed  oil  with  a  small  amount  of  turpentine,  apidied  to  the  wood  while  at  a  boiling  heat,  and  the  surplus  re- 
moved after  12  hr.     Basement  floors  are  left  to  show  a  finish  surface  of  concrete. 

The  toilet  provisions  for  schools  comprise  individual  closrts,  one  for  15  to  20  female  and  one  for  20  male 
•oholars,  with  one  urinal  for  20  males,  wash  basins,  one  for  30  scholars,  and  bubble  fountains,  two  on  each  floor, 
with  one  additional  for  each  100  scholars.  Schools  having  a  gymnasium  provide  separate  toilets  and  shower  bath 
stalls  computed  on  the  number  in  gymnasium  classes. 

Ventilation  of  school  buildings  may  be  done  by  gravity,  with  window  inlets  for  fresh  air;  by  blast,  with  fresh  air 
warmed  by  steam;  by  recirculation  and  air  washing.  The  first  is  the  least  expensive  and,  where  practicable,  fairly 
satisfactory.  The  second  is  the  most  common  in  large  buildings.  The  third  is  the  most  costly  for  installation, 
but  most  economical  of  coal  and  most  healthful  and  agreeable. 

The  most  recent  devdopment  is  the  one  story  school  building  about  a  court.  Portions  of  these  schools  are  two 
stories  in  height.  The  different  units  are  connected  by  covered  walkways  or  enclosed  corridor*.  The  plan  neoeasi- 
tates  considerable  areas  of  ground,  but  not  greatly  in  excess  of  the  ordinary  arrangement. 

16.  Fair  Park  Buildings  and  Grounds. — The  design  of  a  fair  grounds  concerns  the  manage- 
ment of  large  gatherings  of  people  and  their  direction  and  transportation  in  considerable 
masses.  The  exhibition  period  is  short  so  that  the  values  must  be  obtained  quickly.  Every- 
thing that  will  simplify  and  facilitate  the  conduct  of  the  enterprise  is  important.  Among  the 
things  to  avoid  are  congestion,  discomfort,  useless  effort  on  the  part  of  visitors,  and  needless 
expense  to  the  exhibitors.  Classification  of  kindred  exhibits  is  desirable  and  the  location  of 
the  most  popular  in  a  suitable  place.  A  general  design  should  cover  all  matters  of  trans- 
portation entrance,  exit,  circulation  within  the  enclosure  by  walks  and  drives,  architectural  treat- 
ment, landscape  work,  exhibit  fields,  amusement  spaces,  buildings  for  administration,  exhibits, 
catering,  amusements,  public  comfort  and  service.  It  should  be  supplemented  by  an  engineer- 
ing design  covering  all  underground  work,  surface  drainage,  lighting,  power,  fire  protection, 
water  supply  and  waste  and  sanitation. 

Trantportation  and  Entrance. — The  entrance  should  be  at  the  point  most  easily  reached  by  transportation 
fadlities,  street  oars,  automobiles  and  the  like.  There  should  be  a  large  unloading  space  capable  of  holding  a 
number  of  street  cars  at  once,  planned  to  unload  and  take  on  passengers  without  obliging  them  to  cross  tracks  or  to 
stand  in  streets  open  to  traffic.     Automobile  stands  should  be  separated  from  street  oar  stations.     This  dass  of 
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transportation  may  properly  ai^;iroaoh  the  grounds  at  a  subordinate  entrance  or  at  some  point  as  near  to  the  main 
entrance  as  ounvenient.  Considerable  space  should  be  afforded  for  disohargint  passengers.  A  separate  area  for 
parking  cars  should  be  provided  so  that  the  space  about  the  entrance  will  not  become  congested.  The  entrance 
for  frei^t  trucks  and  railway  cars  should  be  at  another  point  on  the  grounds.  The  main  entrance  should  be 
marked  by  a  structure  of  more  or  less  spectacular  appearance,  sufficient  to  indicate  the  i^ace  of  entry  and  to  carry 
decorations  of  flags,  lights  and  placards.  The  actual  gatewasrs  may  extend  considerably  beyond  the  space  oovwed 
by  such  a  structure. 

Drtwt  and  Walk: — It  has  been  the  policy  to  limit  the  use  of  automobUes  within  the  fair  enclosures.  Drives, 
bridges  and  gatewajrs  must  be  designed,  however,  with  reference  to  supporting  the  weight  of  oars  and  affording 
adequate  room  for  turning  and  passing.  Wherever  possible,  steps  and  sharp  inclines  in  walks  must  be  avoided 
where  large  crowds  are  customary. 

The  enclosure  of  the  fair  grounds  should  be  made  sufficiently  diffiotdt  to  prevent  climbing. 

Building  Design. — As  a  general  rule  of  planning,  one  story  buildings  should  be  considered.  A  few  structures 
of  good  height  should  be  included  for  spectacular  effect,  but  the  upper  portions  have  but  little  value  for  exhibits. 

JPiMie  Comfort  Stations. — At  various  points  on  the  grounds  public  comfort  stations  should  be  installed.  The 
first  units  should  be  designed  so  that  considerable  additions  may  be  made,  perhaps  to  three  or  four  times  their 
original  sise.  Station*  intended  for  both  sexes  should  be  given  particular  attention  as  to  approach.  It  is  hardly 
practicable  to  provide  the  number  of  units  customary  in  permanent  buildings,  but  at  least  one  toilet  to  250  persons 
should  be  installed  in  the  locations  most  commonly  congested.  This  would  give  service  to  one  person  in  twenty  per 
hour. 

Band  Stands. — The  ordinary  band  stand  should  be  about  200  sq.  ft.  in  area  for  a  band  of  twenty  pieces  and 
should  be  elevated  sufficiently  above  the  ground. 

Administration  Building.-^The  business  of  carrying  on  the  fair  should  be  located  near  to  the  entrance.  The 
building  should  be  of  permanent  character  and  should  have  fireproof  record  rooms  for  documents.  Beside  a 
general  business  office,  there  should  be  a  committee  room  of  good  sise,  and  offices  for  each  department  of  the  exhibi- 
tion. The  building  will  be  used  considerably  during  the  year  and  should  be  heated,  lighted  and  provided  with  the 
regular  equipments  of  an  office  building. 

Service  Buildings. — The  care  of  the  grounds  during  the  exhibition  period  and  at  other  times  requires  a  building 
for  the  suptfintendent  and  his  corps  of  men.  It  is  generally  necessary  for  the  superintendent  to  live  on  the  grounds 
at  least  during  the  summer  and  in  some  oases  the  entire  year.  The  building  should  provide  quarters  for  a  family 
and  a  number  of  dormitories  for  workmen.  The  barns  should  be  ample  and  capable  of  future  expansion.  Sheds 
for  mowers,  rollers,  concrete  mixers  and  garden  implements  should  be  conveniently  near.  A  servioe  yard,  paved 
with  concrete  or  macadamised,  is  desirable. 

Oreenhouses. — A  fully  appointed  fair  grounds  would  include  a  series  of  propagating  pits  for  starting  annuals 
ftnd  for  protecting  ornamental  plants  in  a  severe  climate. 

Crating  Yard. — An  enclosure  for  storing  crates  will  save  considerable  expense  to  exhibitors  and  will  keep 
the  grounds  in  good  order  during  the  exhibit  period.     A  portion  of  it  at  least  should  be  roofed  over. 

Power  iSto<um.— Where  electric  current  for  light  and  power  is  accessible,  as  from  the  power  lines  of  the  electric 
railway,  it  is  usually  preferable  to  buy  the  current.  The  fair  period  is  of  such  short  duration  that  the  investment 
and  maintenance  of  a  power  station  is  im warranted  where  reasonable  rates  of  purchase  can  be  had.  The  computa- 
tion of  current  required  would  determine  Che  capacity  of  a  power  station  in  other  cases.  The  building  would 
need  to  be  of  permanent  materials  designed  with  special  reference  to  keeping  the  equipment  in  good  condition 
during  the  idle  period,  as  well  as  to  providing  a  reasonable  working  space  during  operation. 

Race  Tracks  and  Qrand  Stands. — The  vogue  of  horse  racing  is  not  what  it  has  been  in  the  past,  the  interest  in 
machine  racing  having  taken  its  place  to  some  extent.  In  any  event  a  grand  stand  of  large  dimensions  is  usually 
neoeesary  to  fair  grounds. 

Tlie  concrete  grand  stand,  or  one  constructed  of  steel,  is  the  only  safe  structure  for  the  purpose.  Temporary 
grand  stands  can  be  maintained  for  about  eight  years  if  constantiy  inspected  and  thoroughly  repaired.  The 
danger  of  fire  and  collapse  are  always  present  with  a  wooden  structure,  and  only  the  most  rigid  inspection,  renewal 
and  policing  will  make  one  measurably  safe. 

A  grand  stand  of  reinforced  concrete  or  of  structural  steel  and  concrete  involves  a  large  expenditure,  but  in 
some  cases  the  ground  space  underneath  can  be  utilised  for  exhibits.  Upper  spaces  have  no  value  of  this  kind.  A 
concrete  grand  stand  costs  from  $0.50  to  $15.00  per  seat,  in  the  ordinary  case,  where  the  seats  are  left  uncovered. 
The  seats  are  arranged  in  steps  about  17  in.  in  height,  where  the  step  forms  the  seat,  or  from  8  to  14  in.  where  plank 
seats  are  provided,  supported  on  brackets.  The  latter  plan  is  superior  as  requiring  less  total  height  and  being 
easier  of  acoees.  The  usual  width  of  the  steps  is  23  to  25  in.  In  any  case  a  plank  seat  about  1 1  in.  wide  is  necessary 
for  comfort.     Chair  bodies  are  preferable  to  planks. 

Entrance  to  the  grand  stand  may  be  made  at  several  points.  A  broad  walkway  is  required  between  the  grand 
stand  and  the  track,  from  which  steps  lead  to  the  rows  of  boxes.  Where  entrance  to  the  stand  ia  from  the  front,  no 
other  provision  is  required.  Entrance  from  the  back  may  be  made  by  walkways  under  the  stand  extending  to 
the  front  on  the  ground  level,  or  by  inclines  leading  to  the  higher  levels  and  entering  the  stand  through  archways. 
Re^aurani  Buildings. — The  lunch  counter  is  the  normal  fair  grounds  restaurant,  compared  wito  which  all  other 
types  are  at  a  disadvantage.  Waiter  service  is  in  considerable  use,  however.  The  buildings  are  usually  of  frame 
construction  and  one  etory  in  height.  The  area,  outside  of  the  kitchen,  will  not  exceed  15  sq.  ft.  per  peison.  The 
kitchen  is  much  reduced  in  area  over  the  usual  restaurant  kitchen  and  will  contain  the  range,  vegetable  cooker, 
soup  ketUes.  work  table,  steam  table,  refrigerator  and  store  pantry. 

Concessionaires  Buildings. — These  are  structures  for  the  sale  of  SDiall  objects.  They  are  generally  open  on 
|he  sides  and  front,  with  wooden  shutters  for  closing  at  night. 


734  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  4t-16 

SxhibU  BuUdinQM. — Tbe  principal  exhibits  at  a  state  fair  are:  farm  machinery,  other  machinery,  processes, 
automobiles,  trucks,  tractors,  vehicles,  fruits,  vegetables,  grains,  dairy  products  and  animals.  Qalleries  and 
second  stories  are  worthless  for  exhibit  spaces.  The  ordinary  visitor  will  not  go  up  to  a  second  story  at  all,  and 
seldom  to  a  gallery.  The  floors  of  tbe  buildings  are  marked  off  into  convenient  units  called  booths  with  aisles  be- 
tween for  visiton.  Ample  daylight  is  necessary  and  electric  lighting  for  evening  use.  A  small  business  office  is 
provided  at  some  point.  Sky  lighting  is  necessary  in  the  usual  case.  The  area  of  glass  surface  in  these  buildings 
should  be  not  less  than  1  ft.  to  3  ft.  of  floor  area.  Buildings  for  the  exhibit  of  animals  differ  from  others  in  that 
great  attention  must  be  paid  to  sanitation,  and  there  must  be  provision  for  feeding,  watering  and  protecting  the 
animals  from  injury  and  disease, 

16*  Bxpositions. — Tbe  designing  of  world's  expositions  is  affected  by  the  same  problema 
ai  with  state  fairs,  but  on  a  greatly  magnified  scale.  There  is  opportunity  for  architectural 
effect  not  possible  with  the  smaller  enterprise.  Otherwise  no  essential  difference  obtains. 
The  same  elements  go  to  make  up  the  ultimate  result.  There  is  the  spectacular  field,  the 
exhibit  field  and  the  field  of  amusement.  Accessory  to  these  are  the  fields  of  states  and  foreign 
countries.  The  same  problems  of  administration,  transportation,  circulation,  public  comfort, 
sustenance,  safety  and  i>olice  protection  obtain. 

17.  Park  Buildings. — Parks  are  of  two  types.  The  grand  park  will  contain  plant  houses 
of  large  size  for  palms  and  other  exotics.  Beside  this  there  will  be  the  animal,  bird  and  reptile 
houses,  aquarium  buildings  and  outside  spaces  in  connection,  completing  the  zoological  garden, 
a  refectory  of  considerable  size,  public  comfort  buildings,  boat  houses  and  landings  and  waiting 
rooms  at  transi>ortation  terminals.  The  service  buildings  will  be  the  central  heating  station, 
the  administration  building,  gardeners'  cottages,  bams,  sheds  and  greenhouses. 

The  small  park  will  contain  buildings  for  amusements  such  as  a  gymnasium  with  dressing  rooms  for  men  and 
women,  dancing  rooms,  game  rooms,  a  simple  theater  stage,  lecture  and  reading  rooms.  Adjacent  to  it  or  in  con- 
nection will  be  the  bath  building  with  showers,  indoor  swimming  pool,  open  air  swimming  and  wading  pools.  Play- 
ing fields  will  be  provided,  baseball  and  children's  playgrounds  fitted  with  swings  and  other  amusement  apparatus. 
Picnic  grounds  provided  with  concrete  camp  fire  places  are  common  in  the  best  parks. 

18.  Theaters  and  Music  Halls. — The  theater  for  the  drama  and  opera  consists  of  an  audi- 
torium having  a  pitched  or  slanted  floor,  usually  one  or  more  galleries,  and  a  series  of  private 
boxes  at  each  side  of  the  proscenium  arch.  The  orchestra  pit  in  front  of  the  stage  is  depressed 
sufficiently  to  avoid  blocking  the  view.  The  entrance  or  foyer  contains  the  box  office  and  cloak 
and  toilet  rooms  for  both  sexes.  The  seating  capacity  varies  from  800  in  small  theaters  to 
2000  in  those  of  average  size  and  3300  for  large  theaters. 

The  Stage. — The  proscenium  opening  should  be  of  such  width  as  to  leave  at  each  side  a  space  on  the  stage 
about  one-third  as  wide  as  the  proscenium.  The  height  of  the  stage  to  the  gridiron  should  be  at  least  2  ft.  more  than 
twice  the  height  of  the  proscenium  opening.  The  gridiron  or  rigging  loft  consists  of  a  series  of  beams  spaced  closely 
together  by  which  the  pieces  of  scenery  may  be  supported.  It  should  have  a  walkway  and  service  stair  on  each 
side  of  the  stag^.  The  head  room  above  the  gridiron  should  be  7  ft.  Under  the  stage  a  working  space  is  required 
not  leas  than  8  ft.  high.  The  floor  of  the  stage  is  constructed  of  members  parallel  to  the  proscenium  so  constructed 
as  to  permit  easy  removal  or  change  of  parts.  In  this  a  regular  number  of  traps  are  framed  out  and  covered.  The 
trap  mechanism  resembles  a  short  elevator,  counterbalanced  and  formed  with  a  platform  to  permit  raising  or 
lowering  at  will.  At  the  back  or  one  side  a  large  doorway  is  needed  to  receive  scenery  and  properties.  A  series  of 
dressing  rooms  of  small  size  and  two  large  dressing  rooms  are  necessary.  The  electric  switch  cabinet  is  placed  at 
one  side  of  the  stage  to  control  the  stage  and  auditorium  lights.  A  large  ventilator  to  carry  off  smoke  and  gases  in 
case  of  fire  is  now  required  on  all  stages. 

The  AudUorium. — The  building  codes  usually  require  36  in.  of  opening  in  exits  per  hundred  seats.  The  exits 
are  required  to  be  distributed  at  fairly  even  distance  about  the  auditorium  and  to  be  marked  by  signs,  lights,  etc. 
The  height  of  the  ground  floor  above  the  public  streets  adjacent  is  usually  not  over  3  ft. 

Theat(?r  seats  are  regularly  19,  20,  21  and  22  in.  wide.  Minimum  spacing  2H  ft.  back  to  back,  and  average  2^ 
ft.  Seating  space  in  theaters  is  computed  at  6  to  8  sq.  ft.  per  person  including  aisles,  with  7  sq.  ft.  on  curves.  The 
ideal  width  of  theaters  is  about  75  ft.,  the  height  65  to  60  ft.  above  the  stage  or  SJ-j  ft.  more  above  the  floor  level, 
proscenium  width,  not  over  40  ft.,  and  stage  depth  not  over  60  ft.  The  pitch  of  the  main  floor  and  balconies  is 
graduated  to  secure  a  uniform  view  of  the  stage  from  all  points. 

Theater  Scenery. — A  minimum  complement  of  scenes  for  a  very  small  theater  would  be,  one  exterior,  one  in- 
terior, one  street  scene  and  one  *'cut  wood  scene,"  all  with  proper  wings  and  sky  borders,  one  set  of  "tormenters" 
or  fronts,  one  drop  curtain.  These  are  attached  by  elevating  strips  counterbalanced  to  the  gridiron,  and  operated 
by  ropes.  In  low  stages  the  scenes  must  be  rolled  up  firom  the  bottom,  which  is  undesirable.  Besides  these,  other 
forms  called  flatf>  are  used.     In  these  the  scenery  is  attached  to  hinged  frames. 

Moving  Picture  Theaters. — This  type  of  building  differs  from  the  ordinary  theater  mainly  aa  regards  the  stage, 
which  may  be  brought  to  a  minimum  practicable  depth  of  perhaps  10  ft.    Provision  for  safety  against  fire  is  nece*- 
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sary  on  account  of  the  inflammable  nature  of  the  picture  films  in  use.  The  ahape  of  the  building  is  controlled  prima- 
rily by  the  distance  necessary  for  the  beet  optical  effects.  The  picture  booth  should  be  of  fireproof  materials  and 
should  have  special  ventilation.     The  exits,  seating  and  other  accessories  will  be  the  same  as  for  regular  theaters. 

The  Concert  stage  is  usually  enclosed  with  wood  panelling  for  resonance.  The  organ  may  be  arranged  in  parts 
at  each  side  of  the  proscenium  with  the  movable  console  on  the  stage.  The  chairs  for  singers  are  disposed  on  benches 
rising  consecutively  toward  the  back,  sometimes  in  the  arcs  of  circles.  The  benches  should  be  about  3  ft.  wide  to 
serve  for  orchestra  purposes  as  well.  An  orchestra  of  60  pieces  will  require  800  sq.  ft.  Small  orchestras  somewhat 
more  per  man.     A  great  organ  will  require  from  450  to  900  sq.  ft.  of  area  and  a  height  of  36  to  40  ft. 

Temporary  Stages. — The  best  form  of  movable  stage  is  one  composed  of  stout  tables  firmly  bolted  to  each  other. 
The  table  tope  should  be  made  without  overhang  and  the  frames  bored  for  thumb  screws  with  large  grips.  The 
units  may  be  3  X  6  ft.  in  size  for  easy  handling.  The  units  for  the  flat  portions  will  have  legs  of  uniform  height. 
The  rear  sections  will  be  taller  to  form  the  stepped  areas.  A  stage  of  this  kind  may  be  nutde  up  of  different  sizes  at 
will.  Along  the  front  and  about  the  sides  iron  stanchions  and  rails  may  be  clamped  for  safety  and  good  appearance. 
The  steps  should  be  s^f -contained,  clamped  to  the  stage,  and  have  stout  hand  rails. 

Open  Air  Theaters. — The  Greek  theater  has  been  the  model  in  most  cases.  The  theater  at  Berkeley,  Califprnia. 
ia  typical.  In  this  the  seating  is  of  concrete,  partly  seated  with  chairs.  The  capacity  will  depend  partly  on  the 
character  of  the  ground,  a  sloping  hill  side  giving  the  greatest  convenience.  The  stage  and  proscenium  may  be 
architectural.  Other  scenery  is  not  commonly  iised.  A  simple  theater  may  be  designed  by  accommodating  the 
slope  to  the  line  of  vision,  elevating  the  seats  continuously  to  give  a  good  view  of  the  stage.  The  seats  may  be 
secured  to  timbers  anchored  to  the  ground.  The  stage  should  be  of  timber  work  with  a  wood  floor,  covered  if  de- 
sired with  canvas.  The  background  may  be  of  canvas  supported  on  frames,  or  of  trees  and  shrubs  set  thickly  to- 
gether. A  railing  at  the  back  and  sides  is  necessary  for  safety.  The  stage  area  should  be  about  the  same  as  for  a 
small  theater  and  the  proscenium  opening  will  be  formed  by  a  frame  at  each  side  covered  with  canvas.  This  affords 
support  for  the  stage  lighting  which  will  be  suspended  on  wire  cables.  Simple  dressing  rooms  are  required,  with 
canvas  divisions.     The  auditorium  will  be  enclosed  with  a  canvas  screen  supported  on  poets. 

19.  Dance  Halls  and  Academies. — The  usual  form  of  dance  halls  is  that  of  the  lecture 
hall,  rather  longer  than  wide.  In  addition  to  the  dancing  floor,  retiring  rooms,  cloak  rooms  and 
toilets  for  both  se.xes  are  required  and  a  good  sized  foyer  or  gathering  room.  Over  these  rooms 
the  visitors'  gallery  is  placed,  and  in  some  halls  narrow  refreshment  galleries  extend  along  the 
sides  of  the  room.  The  dancing  room  should  be  high  studded  and  well  ventilated.  The  musi- 
cians' gallery  may  be  at  the  front,  but  not  too  high  above  the  floor.  In  dancing  cafes  the  refresh- 
ment tables  are  on  the  dancing  level.  A  dancing  academy  will  require  a  suite  of  business 
offices  and  special  rooms  for  individual  instruction. 

20.  Military  Buildings. — The  description  of  drill  halls  in  Art.  12y,  will  be  sufficient  for 
similar  buUdings  in  this  section.  Beside  these  are  the  riding  school  buildings,  rather  similar 
in  the  main,  but  requiring  a  dirt  or  bark  floor  for  horses.  In  connection  there  will  be  the  stables, 
for  which  see  "Animal  Husbandry,"  under  Art.  12i.  Other  buildings  will  be  the  barracks, 
officers'  quarters,  toilet  buildings,  ammunition  buildings,  quartermasters'  buildings  and  the 
post  exchange. 

The  barracks  at  the  cantonments  in  the  United  States  during  1916-18  were  of  frame  construction,  two  stories 
high,  resting  on  a  foundation  of  concrete  posts.  The  space  between  posts  was  closed  in  to  the  ground  with  board- 
ing. The  typical  barracks  plan  comprised  a  central  hallway  with  stair,  and  dormitories  at  each  side,  computed  on 
the  basis  of  85  sq.  ft.  per  man.  A  sergeants'  room  for  each  dormitory  room  was  placed  near  the  entrance.  The 
buildings  were  heated  with  jacketted  stoves,  and  lighted  by  electricity.  Some  of  the  barracks  at  Camp  Grant, 
Illinois,  were  heated  by  steam,  the  mains  being  carried  overhead  from  a  central  heating  station. 

The  toilet  buildings  were  located  adjacent  to  the  barracks,  one  for  each  building,  and  contained  the  shower 
rooms  with  heaters,  closets,  urinals  and  washing  troughs.  The  heating  and  lighting  apparatus  was  similar  to  the 
barracks  equipment.  The  floor  was  of  concrete,  carried  up  two  to  three  feet  on  the  side  walls.  Barracks  and  toilets 
were  boarded  on  the  outside,  lined  with  building  paper  and  ceiled  inside  with  boarding  three  feet  high  and  with 
"compo"  board  or  heavy  pasteboard  above.  The  construction  was  extremely  light.  Roof  ventilators  were 
provided  on  the  buildings.     Windows  and  doors  were  of  stock  form. 

Buildings  for  naval  reserve  cantonments  were  similar,  but  arranged  in  groups  in  some  instances.  These 
barracks  were  disposed  about  a  square.  One  unit  of  nine  buildings  was  adjacent  to  a  double  mess  hall.  The 
buildings  contained  1 12  men  each;  the  mess  balls  500  men  each.  Two  toilet  and  shower  buildings  served  the  group. 
Separate  units  were  provided  for  probationers.  There  were  ten  officers'  barracks  with  separate  toilet  and  shower 
buildings.  The  barracks  were  161  ft.  long  by  25  ft.  wide.  The  hospital  group  contained  four  wards  with  four 
toilet  buildings,  a  hospital  corps  dormitory,  officers'  quarters,  nurses'  quarters.  The  other  buildings  were  the 
administration  building,  army  library,  camp  theater  for  2700  men,  the  commissary,  Y.  M.  C.  A.  and  K.  C.  near  the 
entrance  of  the  grounds. 

21.  Public  Comfort  Stations.^ — The  public  comfort  station  for  both  sexes  requires  segrega- 
tion.    A  common  waiting  room  would  be  feasible  under  the  best  circumstances,  otherwise  not. 

i  See  alao  chapter  on  "  Public  Comfort  Stations." 
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The  station  will  be  composed  of  an  ante-room,  sometimes  with  two  t3rpes  of  accommodation, 
common  and  first  class.  There  would  be  no  difference  in  the  fixtures.  Compartments  should 
be  lined  with  marble  or  other  enduring  material.  In  the  women's  side  a  table  for  dressing 
children  is  needed.  The  building  may  preferably  be  above  ground,  but  in  cities  basements 
or  other  underground  spaces  are  most  available.  The  computation  of  fixtures  required  will 
depend  upon  custom.  A  reasonable  computation  may  be  based  on  the  number  of  persons  one 
fixture  will  serve.  Taking  4V^  min.  as  the  average  time  of  occupancy  for  fixtures  of  all  sorts, 
one  fixture  will  serve  13}^  persons  per  hour.  An  equipment  of  four  closets  for  women,  two 
closets  and  two  urinals  for  men  would  serve  107  persons  per  hour.  The  addition  of  two  urinals 
would  give  an  increased  capacity  of  40  persons  per  hour. 

22.  Tombs,  Memorials,  and  Halls  of  Fame. — Memorials  are  of  two  principal  types.  The 
first  is  purely  sculptural  or  mortuary.  The  mortuary  crypts  wiU  be  similar  to  those  of  public 
mausoleum.  The  second  intended  primarily  as  a  memorial,  partakes  of  secondary  character- 
istics such  as  a  museum,  art  gallery  or  chapel.  All  such  buildings  should  have  some  feature  to 
indicate  the  idea  of  a  memorial.  A  bronze  tablet  may  hardly  meet  the  requirement.  In  some 
examples  the  foyer  or  some  central  room  is  made  to  give  expression  to  the  memorial  idea.  In 
this  a  statue  or  portrait  may  be  placed.  The  design  and  detail  of  the  memorial  portion  should 
be  carried  out  in  materials  of  permanent  character  and  excellent  appearance,  and  to  a  consider- 
able extent  constitute  a  chief  attraction  of  the  building.  The  remaining  portions  should  be 
well  done  and  of  enduring  materials,  rather  than  to  be  so  large  as  to  necessitate  cheap  expedients. 
The  hall  of  fame  has  a  certain  resemblance  to  a  museum  of  sculpture.  The  central  portion  is 
designed  partly  for  architectural  effect.  It  will  contain  statues  of  celebrated  men  to  whom  par- 
ticular honor  is  intended.  The  subordinate  parts  of  the  building  will  give  space  for  portrait 
busts  of  men  of  various  degrees  of  distinction.  The  Pan  American  Building  at  Washington 
partakes  to  some  extent  of  the  nature  of  a  hall  of  fame. 

23.  Civic  Centers. — The  community  building  is  an  important  element  of  a  small  town  or 
of  a  neighborhood  in  a  city.  It  partakes  of  the  character  of  a  club  house,  but  the  uses  are 
somewhat  different.  No  living  quarters  are  required  except  for  the  caretakers.  Rather  large 
banquets  and  other  social  functions  will  be  served  but  the  kitchen  provision  may  be  simple  if 
sufficiently  spacious.  Game  rooms  and  especially  bowling  alleys  are  desirable.  The  principal 
room,  frequently  on  the  second  story,  wiU  be  used  for  lectures,  dances,  mass  meetings  and  on 
occasion  for  religious  services.  There  should  be  toilet  and  retiring  rooms  for  both  sexes.  The 
first  story  will  contain  the  offices  and  social  rooms,  billiard  room,  magazine  room,  etc.  In 
smaller  examples  the  street  front  is  occupied  by  small  stores  for  cigars,  soda  and  mineral  waters, 
or  a  women's  exchange.  The  advantage  of  this  arrangement  is  that  the  burden  of  carrying  on 
the  building  is  lessened  and  convenience  is  served  at  the  same  time.  The  entire  first  story 
should  not  be  so  occupied,  but  only  a  small  area  on  each  side  of  the  front  entrance. 

24.  Buildings  for  Sepulchres. — The  public  mausoleum  in  which  compartments  are  sold, 
consists  of  a  central  mass  of  reinforced  concrete,  formed  into  cells  or  crypts  23^  x  2^  x  7  ft.  with 
walls  about  4  in.  thick,  arranged  in  4  or  5  tiers.  The  smaller  buildings  of  about  60  crypts 
comprise  a  central  hall  of  good  height,  in  which  burial  services  may  be  held,  with  crypts 
in  wings  at  each  side,  arranged  along  a  corridor  8  to  10  ft.  wide.  Special  crypts  or  rooms  con- 
taining crypts  are  placed  in  the  main  portion.  The  crypts  are  closed  upon  occupation,  with  a 
3  in.  slab  of  concrete  grouted  into  place.  The  crypt  is  provided  with  a  lead  drainage  tube  and 
ventilating  tube  leading  to  a  central  receptacle  containing  a  powerful  disinfectant.  From  there 
the  ventilating  pipe  extends  to  the  outside.  The  building  is  composed  of  masonry  faced  usually 
with  cut  stone.  The  interior  is  lined  with  marble  on  walls  and  floors.  The  ceilings  are  of 
plaster  or  other  decorative  material.  Doors  and  window  sash  are  of  bronze.  The  intention  of 
these  buildings  is  to  conserve  the  remains  placed  in  them  for  a  long  time.  To  do  this,  the  build- 
ing itself  must  be  of  enduring  materials.  Everything  of  an  ephemeral  nature  should  be  avoided 
and  precaution  taken  against  the  effects  of  time  and  the  elements,  especially  rain  and  frost. 
The  buildings  are  lighted  by  windows  in  the  ends  of  the  corridors.  Roof  lights  or  transoms 
in  the  roof  are  sources  of  water  leaks.    The  buildings  are  warmed  by  hot  air  furnaces  if  at  alL 
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A  recuviug  vault  with  metal  supporta  for  caeketa  may  be  coimected  to  these  buQdings,  in  a 
compartment  with  a  separate  entrance.  A  crematory  with  fumacee  of  special  design  is  pTOvided 
in  some  cases. 

Kmilu  provuioDB  u  ta  tbi  aongtruMlan  of  Individual  miuHletuna  ara  neoeaury  whether  ths  Rrnotnrs 
be  umple  or  eUborate.  The  tendenoy  to  ootleat  moisture  and  to  oreite  waXa  pockets  which  eauee  damace  by 
trsetlac  ia  the  moM  trequeot  sooree  of  decay  ol  thcaa  buildlDga. 

SB,  Cborches. — Church  buildings  in  America  fall  into  two  classes,  those  for  services  which 
require  an  altar  and  a  liturgy,  and  those  that  do  not.  In  this  respect  the  Koman,  Greek, 
Lutho'an  and  Episcopal  church  buildings  are  more  or  lees  similar.  In  the  same  way  all  other 
church  buildings  are  somewhat  alike^  one  to  another.  The  service  of  the  altar,  the  procession- 
als and  other  functions  hold  the  seating  in  straight  lines  and  to  a  long  and  comparatively  narrow 
building  with  a  level  floor. 

Tilt  Bowon  CiMalic  CiuirA.— Building  of  thia  type  owe  their  form  to  the  building  d(  the  early  ChriMian 
Church,  which  were  baaed  on  the  acholn  or  halls  commoD  Id  (he  oitia  of  the  Roman  Empire.     Theac  were  of 

the  Raman  Church  the  sltaT  atanda  free  from  the  wall  of  the  chance)  aOording  a  paaease  or  ambulatory  behind. 


Pro.  : 

'.-Typ 

ical 

pl> 

in  of  Roman  Catholic  ohu 

rch. 

The  ehaoeel 

is  raised  i 

ibove  tl 

ie  floor 

of  the  1 

■hur 

ch 

and  ia  > 

conaiderably  elabo 

rated  i 

icooiding  to  the 

die  and  im- 

porlancc  nt  1 

;he  church. 

The. 

rtion  of 

the 

building  is 

called  the  nave. 

Theroi 

of  of  Ihig  portion 

pported 

on  columna. 

The  >pa< 

■.a  bet. 

reen  th€ 

:m  and  1 

«d. 

1  walla  > 

ire  caUed  the  aia9«.     Th( 

.  walla  of  the  na 

>  higher 

than  of  the 

aisle.,  giv: 

ingadt 

h  light  the  central' 

portion 

..     At  each  aide  < 

chancel 

a«h  are  the 

lowaltaii 

..     The 

end  CO. 

the 

1  ch 

,ancd  is 

,  known  .a  the  ear 

>t  end. 

lolhi 

e  actual 

pdnta  of  th( 

Theei 

d,  admi 

ta  to  the  vaalibule, 

.  or  narthei  from  which 

■t«r< 

.lead  to 

thecallery. 

Thisfallery  ( 

t  choir  and,  in  so 

me  chi 

Bitlingg. 

The  font  ia  : 

pUeed  dther  in  the  v»(il 

bule  or 

the 

'COT  in 

a  bapiatry  on  ths 

north 

side.     Along  lh< 

8  (idea  of  th* 

ohureh  at  reculai  inter 

valaart 

.  the  att 

to  or  leaa  elaborated,  and 

near  to  the  froi 

It  the 

cents- 

aioosli.     Th 

e  ehaaod  is  provided  with  one  or 

mo. 

'ea 

acristta 

1.8X  10ft.  asan 

m.  usually  two.  bsaidi 

.  a  choir 

sacristy  and  other  neoeeaary  rooms.  The  building  may  have  tnuttspts  or  wings  adjaoent  to  the  chancel  waD. 
They  are  not  ao  common  in  tho  Roman  Chureh  as  in  the  English  type.  The  basement  may  be  uaad  for  a  pariah 
room,  Sunday  school,  and  other  acUvitiee,  Id  the  uaual  eumplea  ths  tower  la  centrally  located,  over  the  entrance, 
but  duplicate  towers,  after  the  cathedral  arrangement  are  common.  The  arrangement  of  pulpit,  leotern  and  othet 
aeseasorla  ahould  bs  carefully  studied  to  conform  to  the  usage  of  the  church.     Adjacent  to  the  nave  and  eitcnd- 

plant  to  which  may  be  addrd  the  parochial  school. 

Tilt  LuUitran  Church  follows  the  tradition  of  the  Roman  as  to  the  main  plan  of  the  building.    Ths  altai  i« 
retained,  but  the  arrangeDieDt  of  the  chancel  ia  aomewbat  modified. 
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be  on  the  west.  The  reader's  desk  is  on  the  main  floor,  quite  advanced  from  the  altar  precinct.  At  one  side  of  the 
platform  is  the  private  room  of  the  rabbi,  14  X  14  ft.  and  a  similar  room  for  the  reader  on  the  other.  A  chapel 
14  X  18  ft.  to  16  X  25  ft.  may  be  located  at  one  side  of  the  front.  School  rooms  16  X  25  ft.  may  be  at  one  side  or 
in  the  basement.  Beside  these  are  the  library.  14  X  25  ft.,  assembly  and  parlor,  24  X  35  ft.  In  the  orthodox 
synagogue  no  organ  or  separate  choir  are  employed.  The  architectural  design  follows  the  Bysantine,  affected  by 
the  Saracenic,  and  the  decoration  will  employ  Hebrew  symbols,  the  seven  branched  candlestick  and  six  pointed  star 
and  the  geometric  designs  growing  out  of  it. 

Beside  the  orthodox,  there  are  the  conservative  and  the  modern  or  reformed  synagogues,  in  which  the  ancient 
practioe  and  liturgy  is  somewhat  modified.  In  these  buildings  the  reader's  desk  is  placed  on  the  altar  platform. 
The  pipe  organ  and  choir  are  employed,  in  a  gallery  on  the  east  side.  The  altar  platform  is  considerably  enlarged 
to  admit  of  the  more  elaborate  service.  Some  of  the  modern  synagogues  contain  large  upper  galleries  so  that  the 
total  capacity  may  exceed  the  ordinary  audience.  In  these  buildings,  very  complete  cloak  rooms,  etc.,  are 
introduced.  The  style  of  architecture  is  considerably  modified,  tending  to  the  Classic,  but  the  central  dome  is 
contained  for  practical  and  aesthetic  reasons. 


MAIN  FLOOR  PUN 


FioB.  11  and  12. — Floor  plans  of  The  Temple  (Synagogue).  St.  Paul.  Minn. 


The  CathedrcU  as  related  to  the  church  is  the  official  place  of  service  of  the  Bishop.  Of  large  sise  and  noble 
appearance,  it  has  nothing  of  difference  from  other  church  buildings  other  than  in  siie.  The  basement  or  crypt  may 
contain  special  chapels.  There  is  sometimes  a  church  school  or  college  in  connection,  which  will  not  differ  greatly 
from  other  schools.     Notable  examples  of  cathedrals  are  in  New  York,  Baltimore  and  other  large  cities. 

Student  Chapels  in  theological  seminaries  are  sometimes  seated  in  lines  parallel  to  the  main  axis  of  the  building. 
The  building  is  in  this  case  an  enlarged  choir  with  the  chancel  at  the  end. 

26.  Detention  Buildings. 

26a.  The  Lockup. — The  lockup  is  intended  for  temporary  detention  of  persons 
accused  of  minor  offenses  or  crime.  It  is  used  also  for  shelter  of  vagrants  and  other  persons  in 
severe  weather.  The  laws  of  the  different  states  vary  in  accordance  with  conditions,  as  whether 
there  be  a  large  colored  population.  In  the  usual  case  the  building  is  required  to  contain  two 
rooms  so  that  the  sexes  may  be  segregated.  Minimum  dimensions  are  22  X  40  X  10  ft.  The 
women's  room  is  furnished  with  a  cot;  the  men's  room  with  standard  steel  cells,  6  X  7  X  7  to 
8  ft.  in  dimensions,  provided  with  a  cot  or  plank  bed.  A  typical  plan  with  four  cells  is  here 
shown. 

The  buflding  is  of  masonry  or  eoncrete,  and  is  equipped  with  light,  preferably  electric,  and  with  prison  closets. 
A  stove  is  used  for  heating.  Detention  rooms  in  a  court  house  or  other  building  may  be  constructed  adjacent  to  a 
main  exit,  but  not  in  a  basement  below  ground. 

266.  Police  Stations. — The  police  station  is  a  development  to  answer  the  re- 
quirements of  a  town  or  city.     The  detention  portion  is  enlarged  to  contain  a  number  of  cells 
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and  an  office  portion  for  police  and  other  officials.  In  no  case  should  a  i>o]ice  station  be  located 
in  the  basement  of  a  building.  The  plan  of  a  police  station  includes  a  cell  room  for  men,  one 
or  more  detention  rooms  for  women  and  for  juvenile  offenders,  and  a  room  for  vagrants 
and  persons  seeking  shelter  in  severe  weather.  All  these  rooms  should  be  on  the  first  floor  and 
as  near  the  street  level  as  possible.  Two  or  more  stories  of  cells  and  all  expedients  involving 
the  movement  of  persons  up  or  down  stairs  are  impracticable. 

Cell  Room. — Cells  must  be  5  X  7  ft.  nxe,  with  prison  closets,  and  may  have  washbowls  with  bubUe  fountains 
combined. 

Detention  roome  for  ipomen  are  similar  to  cell  rooms.  Separate  rooms  of  not  less  than  80  sq.  ft.  area  are  desir- 
able, with  prison  closets,  wash  bowls  ana  bubble  fountains  and  cots.  Each  room  should  be  ventilated  by  a  separate 
duct. 

JuvenUe  Roome. — The  detention  of  juveniles  requires  rooms  like  those  tor  women. 

Tramp  Roome. — The  room  for  vagrants  and  persons  seeking  shelter  require  a  prison  closet,  wash  bowl  and  bub- 
Ue  fountain.  Sleeping  platforms  made  of  smooth  wood  resting  on  heavy  deats  about  6  inches  high  should  be 
provided.    The  room  should  be  above  ground,  well  ventilated,  heated  and  lighted.    Shower  baths  may  be  added. 

The  office  portion  of  the  police  station  will  contain  the  muster  room,  captain's  oflSoe,  clerk's  oflSce.  a  fireproof 
vault  for  storage  of  records,  a  large  sitting  room.  In  the  second  story,  offices  for  the  sergeants,  roundsmen  and 
detectives  and  the  section  or  dormitory  rooms  for  policemen,  with  toilets  and  showers. 

At  one  side,  on  the  ground  level,  will  be  the  patrol  barn  with  stalls  for  horses,  harness  rooms,  grain  and  hay 
storage,  or  a  garage  equipment  where  motor  vehicles  are  used. 


Fio.  13. — Typical  lookup. 


Fio.  14. — Tsrpical  police  station. 


26c.  Jails. — This  class  of  buildings  contemplates  the  continued  detention  of 
the  inmates,  and  requires  a  complete  equipment  for  cooking  and  serving  meals.  The  cells  must 
be  arranged  with  bunks.  Sick  wards  or  hospital  cells  are  necessary.  Opportunity  for  bath- 
ing should  be  provided,  preferably  by  shower  baths.  The  requirements  for  protection,  security, 
segregation,  accessibility  and  sanitation  as  for  police  stations,  are  imperative.  There  should 
be  ample  sunlight  in  every  part. 

Witness  Rooms.— ^It  may  be  necessary  to  detain  witnesses  for  a  time,  and  the  jail  serves  as  the  most  convenient 
place.  Special  rooms  for  such  detention,  8  X  10  ft.  in  sise  with  good  windows  toilet  and  wash  bowl  and  vent  flues 
are  required.  While  these  rooms  need  not  be  ccUs,  they  should  be  secure^.  Meals  will  be  served  from  the  jail 
kitchen. 

Jailer's  Reeidence. — The  jail  plant  includes  a  residence  for  the  official  in  charge,  separated  from  other  portions 
by  standard  fire  doors  and  standard  fire  walls. 


26(f.  Workhouses. — These  institutions  are  intermediate  between  the  jail  and 
the  penitentiary.  The  workhouse  in  a  city  location  must  resemble  the  jail  in  point  of  security 
against  escape.  The  interior  arrangement  will  be  like  that  of  an  industrial  school,  with  work 
buildings  located  in  an  enclosed  space  protected  by  waUs  or  fences  as  circumstances  demand. 
Separation  of  sexes,  protection  against  fire,  proper  sanitary  equipment,  heat,  ventilaton,  etc., 
are  imperative.     For  dormitories  and  sleeping  rooms,  the  required  areas  per  person  are,  for  one 
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80  sq.  ft.,  for  two  120  sq.  ft.,  for  three  160  sq.  ft.,  and  for  four  or  more  45  sq.  ft.  for  each  person. 
For  dining  room  15  sq.  ft.  per  person  are  required.  Exercise  rooms  are  required  equal  to 
the  dining  room  in  area.  Ajssembly  rooms  should  have  6  sq.  ft.  per  person.  School  rooms  for 
the  primary  education  of  illiterates  are  necessary;  also  private  quarters  for  officials  include 
dining  rooms,  reading  rooms  and  dormitories. 

Where  located  in  the  country  the  description  of  industrial  schools  will  apply  in  general 
for  the  workhouse. 

266.  Industrial  Schools. — Institutions  of  this  class  are  most  advantageously 
located  away  from  cities  where  a  considerable  area  of  ground  can  be  obtained.  In  this  case  the 
items  of  accessibility  from  town  and  provision  for  adequate  water,  sewer,  light,  heat  and  power 
must  be  kept  in  mind  (see  "  Institutions  Isolated  from  Town  and  Cities,"  Art.  29).  The  ten- 
dency is  to  divide  the  inmates  into  groups,  housed  in  cottages,  grouped  around  central  buildings 
containing  the  dining  room,  kitchen,  assembly  hall,  etc.  In  some  of  these  institutions  a  walled 
enclosure  is  necessary.  Open  dormitories  are  suitable  for  younger  inmates.  Quarters  for 
attendants  and  hospital  spaces  are  necessary.  The  directors  of  the  institution  and  certain  other 
officials  should  have  separate  cottages  for  residence.  In  so  far  as  buildings  of  considerable  size 
are  built,  they  should  be  of  fireproof  materials  with  a  minimum,  of  woodwork.  One-story 
cottages  may  be  of  less  substantial  character. 

26/.  Inlttstrial  Homes  for  Women. — Detention  institutions  for  this  class  of 
offenders  resemble  workhouses  for  men.  They  will  require  somewhat  different  buildings.  There 
will  be  the  administration  building,  reception  building,  maternity  building  and  hospital,  cottages, 
refectory  and  assembly  hall,  industrial  buildings,  superintendent's  residence,  employees' 
cottages  and  central  heating  plant. 

The  adminittraiion  building  will  contain  offices  for  the  superintendent,  accountant,  and  other  business  em- 
ployees, parlors  and  visiting  roonis,  a  committee  or  board  meeting  rooxli,  ante  rooms  to  the  same. 

Receiving  Building. — Tliis  building  should  contain,  record  rooms,  16  X  24  ft.;  medical  examination  rooms, 
10  X  14  ft.;  detention  rooms  for  individtials,  10  X  14  ft.;  bathing  and  toilet  rooms;  kitchen  or  serving  room,  12  X 
18  ft.;  and  matron's  suite.     The  building  will  require  barred  windows  and  locked  doors. 

The  maternity  building  though  small  will  be  like  other  maternity  hospitals. 

The  eottagee  should  be  not  over  two  stories  high,  for  groups  of  not  more  than  30  persons  in  single  or  double 
rooms.     Provisions  against  escape  are  generally  neceraary  on  windows  and  doors. 

InduUriaL  Building. — While  a  number  of  the  inmates  may  be  engaged  in  housework  or  the  kitchen,  a  working 
buUding  may  be  desirable  in  large  institutions.  The  principal  industries  would  be  sewing,  preserving,  drying  and 
other  light  work. 

The  refectory  and  ateembly  haU  will  contain  the  kitchen  and  storage  rooms,  etc.  Its  size  will  be  controlled  by 
the  expected  occupation  on  the  basis  of  20  ft.  per  person  in  the  dining  room.  The  kitchen  and  dining  room  should 
be  wholly  above  ground.     The  assembly  hall  will  require  at  least  S  sq.  ft.  per  person. 

The  Superintendent' 9  Reeidence. — The  house  should  be  isolated  from  the  other  buildings  and  have  its  own 
endosure  so  that  the  family  will  not  be  intruded  upon  by  the  inmates.     It  should  have  about  eight  rooms. 

The  employeee'  cottages  will  be  smaller,  five  or  six  rooms  being  sufficient,  each  with  its  own  enclosure,  or  the 
buildings  may  be  in  a  group  enclosure  outside  the  area  accessible  to  inmates. 

Central  Heating  Plant. — The  necessities  for  the  production  of  heat,  light  and  power  will  determine  the  sise  and 
location  of  the  plant.  In  severe  climates  the  use  of  exhaust  steam  for  heating  has  resulted  in  great  economies. 
Ample  coal  storage  space  is  imperative.  The  building  should  be  capable  of  enlargement  without  difficulty  both  as 
to  heating  and  power  equipment. 

Minor  BuHdinoh. — Small  dairy  barns,  sheds,  silos,  swine  pens  and  poultry  houses  are  needed  in  the  ordinary 
case. 

Sneloeuree. — S6me  institutions  have  no  enclosing  fences.  Wliile  this  may  be  practicable  in  certain  locations, 
a  low  wall  or  a  fence  that  cannot  be  scaled  is  preferable  for  many  reasons  aside  from  prevention  of  escape. 

26g..  Reformatories  and  Penitentiaries. — No  essential  difference  obtains  as  be- 
tween these  types  of  institutions.  There  will  be  an  administration  building,  cell  buildings, 
dining  and  kitchen  building,  central  heating  and  power  station,  school,  various  shops,  store 
houses,  barns,  a  hospital  and  a  women's  building.  The  buildings  will  be  surrounded  by  a  wall 
from  15  to  35  ft.  high,  having  a  main  entrance  with  guard  houses;  gates  for  wagons  and  railway 
cars.  All  buildings  will  be  fireproof.  For  an  institution  of  this  kind  a  plot  of  ground  1000  ft. 
square  will  suffice,  although  larger  areas  are  not  unusual.  A  portion  of  the  ground  is  used  for 
gardens,  etc. 
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The  admintBtration  huildinff  will  contain  the  offiecfl  of  the  warden,  receiving  and  recording  rooms  and  other 
buflinesB  offices,  committee  and  board  rooma,  officers'  dining  rooms,  living  rooms  for  minor  officials,  barber  shop  and 
bath  rooms,  school  rooms  and  an  auditorium  or  assembly  hall  sufficient  for  the  entire  number  of  inmates  at  8  sq. 
ft   per  inmate  in  large  rooms. 

Cell  blocks  are  composed  of  individual  cells  of  standard  size,  5  X  7  X  7  ft.  high,  arranged  in  three  or  four  stories, 
constructea  of  reinforced  concrete  or  of  brick  with  concrete  floors.  The  block  is  double  faced,  with  a  utility  corridor 
about  33-^  ft.  wide  between.  About  the  cell  block  on  botn  sides  and  ends  there  will  be  a  corridor  about  14  ft.  wide. 
A  basement  for  pipes  will  extend  over  the  whole  area.  The  upper  tiers  of  cells  will  be  reached  by  iron  stairs  leading 
to  balconies  along  the  fronts.  Stairs  and  balconies  are  of  iron  work  or  concrete,  or  may  be  paved  with  terrazzo. 
The  ceiling  and  roof  over  the  building  will  be  of  concrete.  The  masonry  walls,  about  3  ft.  thick,  will  contain  large 
windows  extending  from  about  5  ft.  above  the  floor  to  the  top  of  the  upper  cell  oi>ening8,  or  sufficiently  to  give  ex- 
cellent light  to  all  parts.  The  window  sash  are  opened  by  multiple  operators.  The  steel  cell  fronts  are  held  in 
place  by  bolts  extending  through  to  the  utility  corridor.  The  locking  device  is  such  that  all  cells  in  a  tier  may  be 
locked  by  throwing  a  lever  ut  the  end  of  the  block.  At  the  same  time  any  cell  may  be  separately  locked  or  un- 
locked. Each  coll  contains  a  prison  water  closet,  combined  wash  bowl  and  bubble  fountain,  electric  light  and  fold- 
ing iron  cot  with  mattress.  The  lighting  service  will  be  switched  so  that  the  entire  control,  divided  into  several 
sections,  for  the  cellft,  corridors,  etc.,  will  be  on  the  main  floor.  The  system  of  water  supply  and  waste,  ventilation 
and  lighting  will  be  exposed  in  the  utility  corridor.  Blast  and  exhaust  fans  are  required  for  ventilation.  The  heat- 
ing by  fresh  air  is  supplemented  by  direct  radiation.  Each  cell  has  a  separate  vent.  In  some  cell  buildings  the 
masonry  is  plastered;  in  others,  faced  with  pressed  brick.  The  exit  from  the  cell  room  will  be  at  the  griU  leading 
to  the  corridor  between  cell  buildings.     An  emergency  door  is  placed  on  one  side  of  the  wing. 

Disciplinary  Cells. — Provision  should  be  made  for  disciplinary  confinement  either  in  a  small  wing  or  separate 
building.     The  detail  will  be  the  same  as  in  the  regular  coll  house. 

Hospital  Cells. — The  prison  hospital  differs  from  the  ordinary  only  in  the  use  of  the  "cell  front"  on  the  hos- 
pital rooms.  Examination  rooms,  a  dispensary  and  dentists'  office  are  required.  There  should  be  a  number  of 
cells  for  prisoners  suspected  of  insanity.  A  sun  porch  for  tubercular  patients  should  be  of  iron  and  glass.  The 
work  must  be  equal  to  the  regular  cell  in  security. 

While  the  standard  cell  house  is  employed  in  most  prisons,  it  is  not  universal.  The  cells  of  the  prison  at 
Guclph,  Canada,  are  arranged  along  the  outside  walls  with  a  central  corridor.  At  Joliet,  Illinois,  the  cell  house  is 
circular  with  cells  along  the  outside.  A  central  watch  tower  enables  a  guard  to  look  directly  into  each  cell,  which 
may  be  closed  on  the  front  by  steel  and  gloss  to  secure  privacy  to  the  prisoner  from  all  persons  but  the  guard. 

The  Dining  Hall. — A  large  hall  connected  with,  the  kitchen.  The  tables  are  arranged  in  rows,  the  prisoners 
facing  forward.  About  15  sq.  ft.  per  man  is  allowed  including  ables.  In  some  institutions  tables  are  set  in  the 
ordinary  way  with  men  all  around,  allowing  20  sq.  ft.  per  man.    The  halls  accommodate  800  to  1000  persons  and 

are  without  poets.     A  music  platform  is  a 
feature  of  some  dining  halls. 

Kitchen  and  pantry  arrangements  are 
similar  to  what  is  usual  in  hotels.  Storage 
spaces  for  meats,  milk,  etc.,  are  provided 
with  artificial  refrigeration. 

The  hecUing  and  pcvfer  staticn  will  be 
furnished  with  equipment  adequate  for 
spaces  to  be  heated,  and  the  lighting  and 
power  required  for  the  institution.  The 
heating  will  be  done  by  exhaust  steam  in 
part.  The  power  eqiupment  will  depend 
upon  the  size  of  the  shops  and  the  de- 
mands for  power  to  open  and  close  gates, 
move  cars,  etc.,  on  the  grounds.  A  chim- 
ney of  a  capacity  considerably  in  excess 
of  the  boiler  power  first  installed  should 
be  erected  and  the  power  house  and  coal 
storage  arranged  to  permit  future  extensions  without  disturbance  to  previous  equipment. 

The  number  of  immigrants  from  other  countries,  as  well  as  native  illiteracy,  makes  a  school  necessary,  especially 
in  reformatories  for  young  men.     The  school  will  be  for  instruction  in  reading,  writing.  English  language  and 
arithmetic.     Standard  class  rooms  about  23  X  32  ft.  with  full  lighting,  ventilation  and  regular  equipment  are 
required.     The  furniture  should  bo  adapted  to  the  use  of  grown  men. 
Barns,  shops  and  storehouses  should  be  designed  on  modern  lines. 

The  women  'a  prison  or  toard  is  composed  of  separate  rooms,  about  8  X  10  ft.  with  doors  of  metal,  barred  on- 
upper  portiuns,  and  windows  in  outside  walls.  The  plumbing  and  ventilation  will  be  similar  to  what  is  installed 
in  the  ordinar>'  cell  buildings.  The  rooms  will  be  furnished  with  bods.  A  separate  kitchen,  dining  room  and  stor- 
RKo  pantry  with  refrigeration  is  necessary  and  hospital  cells  isolated  and  sound  proof,  a  physician's  office,  a  small 
dispensary,  social  rooms,  a  visitors'  reception  room  and  small  visiting  rooms.  Also  a  suite  for  the  matron  and 
staff. 

Prison  Walls. — The  enclosing  walls  of  a  prison  are  of  masonry  or  concrete,  from  15  to  35  ft.  high.  The  most 
common  height  is  22  ft.  No  wall  will  prevent  escape  unless  guarded,  so  that  excessive  height  is  quite  iiseleas. 
A  number  of  wall  heights  arc  as  follows: 
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Fia.   15. — Typical  cell  block. 
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Thomaston,  Maine;  Alcatrax,  Calif.  (U.  S.) . .  ^ 15  ft. 

EUmira,  N.  Y.;  Win  sor.  Vt.;  Bobe,  Idaho;  Ionia.  Mich.;  MoAlester,  Okla 16  ft. 

San  Quentin,  Calif.;  Rawlina,  Wyo 17  ft. 

Granite,  Okla.;  Sante  Fe,  N.  M.;  Weathersficld.  Conn.;  Salem.  Oregon 18  ft. 

Sioux  Falla,  B.  D.;  Deer  Lodge,  Mont.;  Folsoin,  Calif.;  Salt  I^kc  City,  Utah;  Trenton.  N.  J.  20  ft. 

Ossining,  N.  Y .' 21  ft. 

Concord.  Mass.;  Hutchinson,  Kan.;  Charletfton,  Mass.;  Jackson,  Mich.;  St.  Cloud,  Minn.; 

Waupun,  Green  Bay,  Wis ^ 22  ft. 

Philadelphia,  Pa. ;  Jeffersonville,  Ind ^ 35  ft. 

The  desirable  features  of  a  first-rate  wall  are  depth  id  the  ground,  not  less  than  6  ft.,  smoothness  and  the 
absence  of  projecting  parts,  or  buttresses.  Nothing  should  <be  attached  to  the  walls,  such  as  lighting  fixtures,  wires, 
eto..  which  would  serve  as  holding  places  for  a  rope  by  which  a  prisoner  might  attempt  escape.  The  top  should 
be  rounded.  In  some  examples,  the  top  is  formed  with  a  projecting  roll  on  the  inside.  In  the  design  of  such 
walls,  wind  pressure  must  be  taken  into  account.  A  wall  22  ft.  high  will  need  to  be  about  3  ft.  thick  at  the  bottom 
and  1>2  ft.  thick  at  the  top,  in  an  exposed  location,  to  resist  overturning  under  the  force  of  a  heavy  wind.  The 
prison  at  Rah  way,  N.  J.,  has  a  reinforced  concrete  wall,  quite  thin,  with  buttresses  on  the  outside. 

Ouardhomet. — These  may  be  of  steel  and  conpretet  or  of  timber  work  and  should  be  large  enough  to  shelter 
the  guard  in  severe  weather.  The  windows  should  extend  to  the  floor.  From  the  guard  house  a  walk,  2  ft.  wide,  to 
about  30  ft.  in  each  direction  is  desirable.  The  walk  may  be  on  top  the  wall  or  along  the  outside,  with  a  railing  for 
safety.  The  guard  hoiise  requires  a  stove  or  other  heater  and  a  toilet.  The  approach  to  the  guardhouse  should  be 
from  the  outside  of  the  prison  yard  or  by  a  stecl>door  on  the  inside.  From  this  a  ladder  or  spiral  stair  leads  to  the 
top. 

Wagon  OcUea. — The  gates  from  the  prison  yard  will  be  double.  The  first  gate  opens  into  a  walled  enclosure  to 
contain  a  wagon  and  team  and  the  second  to  the  outside.  They  may  be  formed  to  swing,  slide  or  lift.  The  gate 
should  be  the  full  height  of  the  wall  or  the  wall -should  be  carried  over,  as  high  as  at  other  points.  The  gates  should 
be  smooth,  formed  with  solid  surfaces  without  gratings  or  catch  i>oints  for  climbing  upon,  and  strong  enough  to 
resist  forcing. 

Railtoay  enclosures  will  be  of  sufficient  size  to  contain  three  or  four  railway  cars.  The  rules  of  the  railway 
companies  as  to  clearance  will  determine  the  width.  The  clear  height  of  these  gates  does  not  usiially  conform  to  the 
26  or  28  ft.  of  head  room  demanded  by  the  railway  company,  but  so  far  as  practicable  should  do  so.  The  sisc  makes 
the  gates  difficult  to  operate  by  hand.  A  system  of  gears  and  cranks  will  diminish  the  difficulty  but  power  is  desir- 
able. The  custom  of  delivering  cars  only  into  the  gate  enclosure  makes  a  yard  engine  or  a  cable  hauling  system 
necessary  for  moving  cars  to  the  heating  plant,  storehouse  and  shops. 

Yard  Lighting, — The  enclosing  walls  are  usually  illuminated  at  night.  The  best  form  of  yard  lighting  is  by 
flood  lighting  or  by  lamp  posts  set  10  to  12  ft.  from  the  walls  and  furnished  with  reflectors  to  throw  the  light  upon 
it.  The  wiring  should  be  underground  and  the  control  switches  located  conveniently  to  the  official  in  charge  of 
lighting.  Other  parts  of  the  prison  yards,  all  walks,  drives,  entrances,  etc.,  may  be  lighted  in  the  same  way.  In 
some  places  lights  may  be  attached  to  buildings.  The  approaches  and  the  front  portions  of  the  prison  grounds 
should  be  lighted  adequately  for  good  appearance. 

Water  Supply  and  Sanitation. — This  type  of  institution  is  usually  located  away  from  large  towns  and  public 
systems  of  water  supply  and  waste,  electric  c\irrcnt  supply  so  that  these  utilities  must  be  provided  independently. 

Prison  Campe. — It  is  the  practice  to  send  prisoners  from  penietntiaries  to  places  within  the  state  to  be  em- 
ployed in  grading,  ditching  and  farming.  The  buildings  required  for  this  are:  a  headquarters  building  20  X  24  ft. 
for  the  guards  and  superintendents,  a  bunk  house  with  85  sq.  ft.  per  person,  refectory  and  store  house.  The  build- 
ings will  be  of  frame,  very  simple  in  construction.  A  camp  on  a  prison  farm  would  be  more  permanent  and  better 
constructed.  Most  of  the  work  of  construction  would  be  done  by  the  prisoners  who  ma  y  be  quartered  in  tents  for 
a  time. 

16^  Insane  Asyluma  and  Homes  for  Feeble-minded  and  Epileptics. — In  the  older  institutions 
of  the  United  States  the  various  classes  of  patients  are  placed  in  one  large  building.  This  is  objectionable  from 
many  standpoints.  Separate  cottages  are  superior  to  large  buildings.  Greater  attention  to  fire  prevention  and 
provision  against  accident  is  necessary  than  with  institutions  sheltering  persons  of  normal  mentality.  No  build* 
in^  of  inflammable  nature  should  be  occupied  by  insane  persons  even  in  small  groups.  Where  both  sexes  are 
admitted,  segregation  must  be  carried  to  completion.  Persons  of  defective  mentality  and  all  who  are  afflicted 
with  insanity  require  hospital  conditions  in  the  buildings  they  occupy.  The  portions  of  these  buildings  devoted 
to  violent  wards  require  protection  about  windows  and  doors,  stairways,    etc. 

The  list  of  principal  buildings  for  industrial  homes  will  apply  to  th«  se  institutions.  The  ordinary  cottagos, 
so  called,  will  be  as  follows: 

Class  1:  For  persons  slightly  affected;  for  voluntary  patients. 
Class  2:  For  severe  cases;  for  cripples  and  bod-ridden. 

CloMs  1. — Furnished  with  day  rooms,  for  the  entire  group  on  each  floor,  dormitory  rooms,  single  or  multiple, 
linen  and  supply  closets,  attendants'  rooms,  toilets  and  bath.  Voluntary  patients  are  housed  separately  from 
others. 

Claaa  2. — Similar  to  Class  1,  but  having  a  dining  room  and  kitchen,  diet  kitchen.  Latrines  arc  substituted  for 
ordinary  closets.     Cripples  and  bed-ridden  patients  are  housed  separately  from  severe  cases. 

Farm  Colonies. — Certain  groups  of  feeble-minded  and  epileptics  are  capable  of  working  and  may  be  formed  into 
farm  colonies.  The  colonies  should  be  close  to  the  main  institution  so  that  medical  supervision  is  not  lost  sight  of 
by  reason  of  the  inconvenience  to  the  attending  physicians. 
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Separate  homes  for  the  director  and  certain  officials  are  necessary.  An  insane  asylum  or  feeble-minded  home 
ia  an  undesirable  place  to  bring  up  a  family  of  children. 

27.  Charitable  Purpose  Buildings. 

27a.  Homes  for  Dependent  Children. — Inmates  of  this  type  will  include  infants, 
children  and  youths.  The  normal  children  are  quite  commonly  adopted  into  families,  and  defec- 
tives as  they  approach  maturity  are  placed  in  institutions  for  epileptics,  feeble-minded,  tubercu- 
lar or  insane.  The  inmates  are  formed  into  small  groups  according  to  their  degree  of  mentality ; 
segregation  is  necessary.  Primary  education  is  afforded  for  those  able  to  learn.  The  work  of 
the  hospital  is  to  secure  nutrition  and  growth,  and  to  cure  such  defects  as  club  foot,  spinal  de- 
formity, tuberculous  joints  and  the  like.  Hospital  conditions  are  necessary,  and  the  same  types 
of  buildings,  on  a  smaller  scale,  as  for  other  custodial  institutions. 

27&.  Poorhouses,  Homes  for  the  Aged  and  Infirm. — In  the  first  of  these  institu- 
tions a  certain  number  of  inmates  will  be  of  defective  mentality.  For  them  a  separate  building 
should  be  provided  where  custodial  care  may  be  maintained.  The  other  buildings  will  be  simi- 
lar to  family  hotels  with  single  and  double  rooms,  social  and  dining  rooms,  etc.  An  assembly 
room  is  provided  for  amusements  and  for  religious  services,  where  a  separate  chapel  is  not  built. 
The  cottage  system  is  most  advantageous  for  these  institutions,  with  an  administration  building 
containing  the  offices  and  other  public  rooms,  dining  rooms,  etc.  The  cottages  may  contain 
40  rooms  as  a  maximum.  Aged  couples  capable  of  maintaining  good  conditions  may  be  assigned 
rooms  together.    Otherwise  sex  separation  is  practiced. 

27c.  Veterans'  Homes. — This  type  of  institution  follows  the  general  scheme  of 
homes  for  the  aged  and  infirm.  The  desirable  arrangement  would  comprise  an  administration 
building,  central  heating  and  pow^  plant,  large  and  small  cottages.  The  small  cottages  will  be 
occupied  by  married  couples  and  persons  desiring  to  be  independent.  The  larger  will  accom- 
modate such  as  require  continuous  care. 

27d.  Schools  for  the  Deaf  and  Blind. — ^This  form  of  education  requires  intimate 
personal  instruction  and  care.  The  institutions  provide  housing,  hospital  care  and  recrea&ion 
facilities,  as  well  as  teaching,  and  are  commonly  under  boards  of  control  or  charities.  The 
buildings  will  be  similar  to  those  for  able-bodied  defectives  except  for  special  arrangements  to 
meet  the  peculiar  limitations  of  the  pupils.  For  schools  for  the  deaf  it  will  be  necessary  to 
install  sight  signals  and  for  the  blind,  those  based  on  sound.  Class  rooms  will  be  about  half  the 
standard  size.  Classes  of  mutes  number  from  four  to  twelve.  For  the  blind  the  classes  are 
about  the  same  for  most  work.  The  younger  pupils  will  be  provided  with  open  dormitories. 
The  older  ones  should  have  individual  or  double  rooms.  Segregation  is,  of  course,  necessary 
outside  the  class  rooms  and  dining  halls.  Vocational  instruction  is  usually  given.  Shop 
buildings  are  necessary  with  manual  training  benches,  etc.  Among  the  persons  attending  these 
schools  a  certain  percent  will  be  of  defective  mentality,  but  as  these  are  gradually  removed  to 
other  institutions,  no  special  provision  is  made  for  them.  As  in  other  institutions  the  system  of 
small  units  about  a  main  building  is  superior  to  large  structures.  In  some  examplee  the  build- 
ings are  formed  into  quadrangles  enclosing  recreation  spaces.  Blind  schools  offer  instruc- 
tion in  music  and  will  require  organ  space  in  the  assembly  hall.  Special  provision  against 
accident  is  necessary,  such  as  railings  about  points  of  danger. 

28.  Hospital  Purpose  Buildings. 

28a.  General  Hospitals. — These  are  usually  large  buildings  in  which  the  separa- 
tion or  isolation  of  parts  is  brought  about  by  wings  or  closed  bridges.  Between  different  wings 
glazed  doors  or  fireproof  doors  are  used  for  isolation.  The  usual  divisions  are:  medical  wards, 
surgical  wards,  obstetrical  wards,  children's  wards. 

The  admimstration  portion  will  contain  the  general  office,  waiting  rooms,  examination  rooms,  phj^sicians' 
offices,  matron's  suite,  the  general  kitchen  and  dining  rooms  for  patients,  officers  and  help  (see  Art.  22/).  The  ward 
spaces  will  be  divided  into  single  rooms,  small  and  large  wards.  In  each  ward,  a  utensil  room,  linen  room,  locker 
room  with  individual  lockers  for  each  patient,  diet  kitchens,  general  and  private  toilets.  A  laundry  for  patients 
and  a  separate  laundry  for  attendants.  The  minimum  single  room  should  be  10  X  14  ft.,  double  room  14  X  14  ft. 
and  wards  85  sq.  ft.  per  person  including  aisles.  Lighting,  heating  and  ventilation  should  be:  one  foot  of  glass 
to  six  of  floor  space;  70  deg.  temperature,  humidified  if  possible;  ISOO  cu.  ft.  of  fresh  air  per  person  per  hour.  Hot 
water  heat  is  decidedly  preferable,  on  account  of  excellent  control.    Looitl  humidifien  tae  capable  of  maintaining 
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desired  conditiona.  Special  deotrio  signal  systems  for  nurses  are  provided.  Live  steam  at  30-lb.  pressure  is  used 
for  sterilisation  and  the  kitchen  requirements.  For  this  service  a  small  boiler  ia  desirable.  A  large  general  steriliser 
in  the  basement  is  used  for  mattresses,  clothes,  etc.,  smaller  ones  in  each  utensil  room  and  a  special  sterilizer  for 
bandaiges  and  instruments  in  operating  rooms.  The  corridors,  utensil  rooms,  operating  rooms  and  toilets  should 
be  capable  of  extreme  sterilization  and  cleaning.  Patients*  rooms,  if  brought  to  the  same  condition,  are  apt  to  be 
depressing.     No  materials  should  be  em]Hoyed(  however,  that  would  be  damaged  by  ordinary  cleaning. 

The  devators  and  the  doors  to  them  should  be  of  a  capacity  to  pass  a  full  size  cot.  Push  button  control  is 
necessary  where  a  regular  devator  man  is  not  employed.  The  elevator  should  be  convenient  to  the  ambulance 
entrance  on  the  ground  level.    It  should  not  be  immediately  adjacent  to  patients'  rooms. 

Laboratories,  Operating  Rooms,  Stc. — It  is  customary  to  provide  one  or  more  laboratory  rooms,  JC-ray  rooms, 
baking  rooms  and  for  other  special  service.  These  may  be  in  the  basement.  The  operating  room  should  be  not 
less  than  300  ft.  area,  to  contain  the  necessary  fixtures  and  should  be  very  well  lighted,  with  top  lighting  subject  to 
control.  The  atherising  room  may  be  adjacent  or  where  most  convenient.  This  will  be  somewhat  leas  in  area 
than  the  operating  room. 

Soundproof  Rooms. — The  obstetric  ward  should  be  divided  by  soundproof  walls  and  partitions  and  should  have 
soundproof  doors.     Otherwise  the  rooms  and  wards  are  not  different  from  ordinary. 

Sunporches  enclosed  with  glass  for  convalescents  are  desirable  especially  in  severe  climates.  They  should 
be  provided  with  ample  venting  pands. 

Screens  and  Weatherstrips. — AH  parts  of  hospitals  and  sanitariums  of  every  sort  should  be  screened  on  windows 
and  doors.     Metal  weather  strips  are  necessary  to  prevent  drafts. 

Nurses*  Dormitories. — Separate  buildings  for  nurses  and  attendants  are  necessary  in  order  to  maintain  effi- 
ciency, and  prevent  infection.  One  or  more  social  rooms  are  necessary  and  single  and  double  sleeping  rooms  with 
general  toilets  and  baths.  The  room  sizes  will  be  similar  to  those  in  wards.  The  basement  spaces  should  not  be 
used  for  sleepixig  rooms. 

286.  Hospitals  for  the  Treatment  of  Tuberctilosis. — The  same  advice  as  to  the 
location  of  other  public  institutions  will  apply  to  sanitarium  for  tuberculosis  with  the  additional 
precaution  that  quiet  and  freedom  from  dust  is  necessary  to  successful  treatment. 

Grounds. — Ample  grounds  should  be  provided,  shielded  from  the  north  and  west  but  open  to  the  sunshine  from 
other  Doints  of  the  compass. 

Buttdings. — The  plan  arrangement  in  tuberculosis  sanitariums  will  differ  from  other  hospitals  in  that  exjKMure  to 
the  outside  air  and  sunshine  is  essential  to  cure.  For  this  reason  large  window  spaces  and  ample  porches  are  re- 
quired. Rooms  fadng  to  the  north  or  otherwise  deprived  of  sunshine  are  not  suited  for  the  work.  Such  spaces 
should  be  assigned  to  corridors,  toilet  and  bath  rooms  and  other  utilities. 


Fio.  16. — Typical  sanitarium. 


Rooms  and  Wards. — Patients*  rooms  should  be  exposed  to  sunshine  and  protected  from  the  north  wind.  A 
room  7  ft.  wide  by  13  ft.  long  is  i  minimum.  Ceiling  heights  above  10  ft  are  not  necessary.  A  French  window  ex- 
tending to  the  floor,  and  not  less  than  4H  ft.  wide  should  be  provided,  so  that  the  cot  may  be  moved  out  upon  the 
porch.  Such  windows  can  be  made  weather  tight  by  the  use  of  metal  strips.  Double  rooms  should  be  10  X  12  ft. 
and  the  adjacent  porch  space  should  be  10  X  12  ft.  in  size. 

Porches.— All  porches  should  be  covered  and  screened  and  provided  with  sliding  curtains  of  canvas  to  protect 
against  rain.  Large  wards  should  be  divided  by  screens  into  alcoves  where  practicable.  In  the  same  way,  the 
spaces  on  porches  may  be  broken  up  so  that  the  long  row  of  hospital  beds  will  not  be  visible  to  all  patients.  The 
screens  should  be  held  up  from  the  floor  about  a  foot  and  extend  to  6  ft.  in  height. 

Administr(Uion. — The  administration  spaces  will  be  similar  to  those  at  other  hospitals.  The  laundry  should 
be  equipped  with  a  sterilizer,  and  none  but  patients'  dothes  should  be  treated  in  the  general  laundry. 
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Fio.  17. — Convalescent  open  cottage. 


Residence  and  CoUages. — Institutions  for  tubercular  patients  should  provide  houses  for  the  superintendent 
and  the  ezrployees,  and  a  separate  building  for  nurses  and  attendants. 

ConvaUscerU  Camps. — Tubercular  patients  may  be  sent  to  a  convalescent  camp  for  final  treatment.  Such 
camps  should  be  situated  in  places  where  food  supply,  fuel,  sewage  disposal  and  medical  care  can  be  readily  obtained. 
Very  simple  cottages,  a  dining  hall  and  work  shop  are  required.  The  best  location  will  be  in  the  neighb<»iiood  of 
the  regular  sanitarium,  where  the  same  physicians  can  oversee  the  progress  of  the  inmates. 

29.  Iiistitutions  Isolated  from  Towns 
and  Cities. — Public  institutions  are  not 
always  located  where  advantage  can  be 
taken  of  the  protection  and  the  conveniences 
of  a  city.  In  this  case  everything  included 
under  the  head  of  public  utilities  must  be 
provided  by  the  institutions  themselves. 
The  fundamental  necessities  are  transpor- 
tation, water,  drainage,  heat,  light,  en- 
closure, fire  protection  and  police  service. 
Besides  these  are  such  elements  as  soO 
qualities,  climate,  exposure,  safety  from  the 
violence  of  nature.  Subordinate  provisions 
are  for  storage,  refrigeration,  industries  and  amusements.  All  such  general  provisions  are 
accessory  to  the  main  object  of  the  institution  which  may  be  disciplinary,  military,  social 
religious  or  political. 

Transportation  must  be  by  railway,  in  the  ordinary  case.  To  attempt  to  maintain  communication  by  wa^on 
roads  is  expensive  and  hasardous  in  a  severe  climate.  Where  possible  to  obtain  it,  a  railway  side  track  will  save  from 
$3000  to  $10,000  per  year  for  a  large  institution. 

Water  supply  for  domestic  use  and  for  fire  protection  is  of  first  importance.  This  inv<Jves  drilling  a  deep  well* 
or  maintaining  a  storage  reservoir  from  unfailing  springs  or  making  use  of  some  large  body  of  water,  known  to  be 
safe.     A  knowledge  of  the  geology  and  water  supply  of  the  neighborhood  is  therefore  imperative. 

Heat  and  Light. — The  first  building  for  an  isolated  institution  will  be  the  heat  and  power  station,  one  or  more 
units  of  which  should  be  ready  for  service  upon  completion  of  the  first  buildings.  The  heating  and  power  station 
will  make  the  sjrstem  of  water  supply  available  and  may  be  necessary  for  pumping  the  effluent  of  the  septic  tanks. 

Drainage  is  second  only  to  water  supply.  The  clearing  of  the  ground  of  surface  water  and  the  disposal  of  waste 
water  by  natural  means  is  fundamental.  Septic  tanks  for  the  treatment  of  sewage  arc  necessary  to  avoid  pollution 
of  lakes  and  streams.  The  system  of  drains  should  be  determined  upon  as  soon  as  the  general  disposition  of  build- 
ings is  made. 

Enclosure  in  an  isolated  location  will  vary  from  the  farm  fence  to  the  masonry  wall  with  or  without  guards 
as  conditions  require. 

Fire  protection  depends  directly  on  the  power  plant  and  water  supply  for  efiSdency.  The  most  effective  fire 
protecting  device  is  the  sprinkler  system  which  involves  the  construction  of  a  tower  and  tank  at  least  25 
ft.  higher  than  the  loftiest  building.  The  tank  nmy  be  of  60,000-gallons  capacity  supported  by  a  steel  frame  or 
masonry  tower.  The  water  stored  in  the  tank  must  be  warmed  by  a  special  heater  in  winter.  Large  water  mains 
are  extended  to  various  points  with  fire  hydrants  at  intervals. 

Police  service,  from  the  single  watchman  in  the  best  locations  to  a  considerable  force,  in  exposed  places,  must 
be  taken  into  account.     Permanent  police  service  will  require  guard  houses,  etc. 

Soil  qualities  are  important  to  institutions  contemplating  self-support.  Soil  analjrsis  should  be  obtained  where 
possible. 

Climate  and  exposure  will  effect  the  design  of  grounds  and  buildings,  especially  where  a  period  of  years  u 
expected  to  intervene  before  completion.  In  this  case  the  first  buildings  should  be  grouped  in  such  a  way  as  to  be 
convenient  in  operation  at  once,  leaving  future  development  to  work  into  the  scheme  in  an  orderly  manner. 

Storage  depends  upon  conditions,  but  will  concern  first  the  coal  supply  which  may  be  ddivered  during  the 
summer  season  and  must  be  conveniently  placed. 

Refrigeration  by  ice  or  mechanical  means  is  imperative  and  may  be  extensive.  Ice  storage  may  be  employed 
in  some  cases.     The  supply  storage  and  ice  storage  is  sometimes  combined. 

Industries  and  amusements  are  essential  to  many  isolated  institutions.  The  character  of  the  institution  will 
determine  the  types  of  buildings  to  be  erected  for  these  purposes. 

Future  Development. — In  any  institution  enlargement  should  be  anticipated.  While  a  natural  barrier  on  one 
or  more  sides  may  be  an  advantage,  there  should  be  always  a  practicable  outlet  by  which  future  growth  may  take 
place  without  disproportionate  expense.     This  involves  a  general  study  of  the  lands  adjacent. 


GENERAL  DESIGNINO  DATA 


ACOUSTICS  OF  BUILDINGS 
By  F.  R.  Watson 

Increased  attention  has  been  paid  in  late  years  to  the  acoustical  dtaturbancefl  in  buildings 
with  the  desire  on  the  part  of  architects  and  builders  to  avoid  these  defects  as  far  as  possible. 
This  desire  has  led  to  scientific  investigations  of  the  subject  that  have  solved  some  func^unental 
problems  and  given  formulas  and  data  for  guidance. 

Acoustical  disturbances  are  due  first,  to  the  sound  generated  within  a  room,  which  gives 
rise  to  echoes  and  reverberation;  and  second,  to  sounds  outside  that  are  transmitted  into  the, 
room  through  walls,  ventilating  ducts,  and  other  paths,  and  cause  confusion.  The  sound  in  a 
room  may  be  controlled  by  the  proper  design  ot  the  volume  and  shape  of  the  room  and  by  the 
use  of  a  calculated  amount  of  absorbing  material,  while  the  extraneous  sounds  may  be  minimized 
by  properly  constructed  walls,  doors,  and  windows.  The  problem  may  therefore  be  considered 
in  a  two-fold  aspect:  the  acoustics  of  rooms  and  the  insulation  of  rooms. 

30.  Acouflfics  of  Rooms. 

30a.  Action  of  Sound  in  a  Room. — When  a  souiid  is  generated  in  a  room  it 
proceeds  outward  from  the  source  at  the  rapid  rate  of  about  1200  ft.  per  sec.  and,  by  successive 
reflections  from  the  boundaries,  very  quickly  fills  a  room  of  ordinary  dimensions.  Fig.  18  shons 
the  position  of  a  pulse  of  sound  in  a  room  00  X  40  ft.,  >^o  sec.  after  it  started  from  the  source. 
Fig.  19  gives  the  same  pulse  Ho  sec.  later  and  shows  the  increasing  reflections  and  interferences. 


)mM,-of» 
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The  imagination  readily  pictures  the  conditions  Ko  sec.  later  when  the  entire  volume  of  the 
room  is  filled  with  sound  proceeding  in  every  direction.  The  width  of  the  sound  pulse  should 
be  much  wider  than  shown  if  it  is  to  represent  actual  conditions,  because  speech  sounds  take 
at  least  Ho  sec.  for  their  generation'  and  musical  sounds  are  frequently  prolonged  a  second  or 
more.  In  the  meantime,  the  energy  of  the  pulse  is  diminished  at  each  reflection  by  the  absorp- 
tion of  a  fraction  of  the  incident  sound,  so  that  it  b  used  up  after  a  number  of  reflections,  depend- 
ing on  the  absorbing  efRciency  of  the  surfaces  it  strikes. 

806,  Conditions  for  Perfect  Acoustics. — Perfect  acoustical  conditions  tor  hear- 
ing require  that  the  sound  shall  rise  to  a  satisfactory  intensity  which  shall  be  equal  in  every 
part  of  the  room,  with  no  echoes  or  distortion  of  the  original  sound,  and  that  it  shall  then  die 
out  in  a  suitably  short  time  so  as  not  to  interferewith  the  succeeding  sounds.  Unfortunately, 
these  ideal  conditions  are  not  fuliilled  in  rooms.  The  reflections  of  sound  give  rise  to  distortions 
and  unequal  intensities  in  dil^erent  parts  of  the  room  and,  except  for  special  cases,  it  is  impos- 
sible to  secure  simultaneously  a  suitable  intensity  and  a  proper  time  of  reverberation.  It  will 
be  shown,  however,  that  while  the  ideal  is  rarely  found,  satisfactory  acoustics  may  be  obtained 
for  auditoriums  of  usual  shape  and  size, 

SOe.  Formula  for  Intensity  and  Reverberation. — Reasoning  in  the  manner  just 
described,  Sabine'  developed  an  equation  for  the  reverberation  in  a  room,  a  simplified  form 

'  Siripture,  "The  Study  o!  Speech  Ciuvea."  Carnegis  InititutiOD  Publication.  1006. 
•  Ameriisa  Architeot,  IBie, 
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of  which  for  practical  use  is  given  in  a  succeeding  paragraph.  Later,  Jftger/  using  a  different 
constant,  deduced  the  formula  in  a  somewhat  different  form  and  discussed  its  applications 
to  an  auditorium.  Thus,  he  developed  the  formula:  E  ^  E^'"^*,  where  E  is  the  intensity 
of  the  sound  per  unit  volume  t  seconds  after  the  initial  intensity  E^  has  been  built  up,  n  being 
the  number  of  reflections  that  have  taken  place,  and  a  the  fraction  of  the  energy  absorbed  at 
each  reflection.    More  completely,  the  formula  may  be  written: 

„      4  A      -avat/AW 
IS  ^  ~~~  • 

where  the  initial  intensity,  E^  «  ^A/avs,  is  seen  to  depend  on  A,  the  energy  given  out  by  the 
source  in  one  second;  v,  the  velocity  of  sound;  <,  the  area  of  all  surfaces  exposed  to  the  action 
of  the  sound;  and  a,  the  average  sound-absorbing  coefficient  of  these  surfaces.  Inspection 
of  the  relation  shows  that  the  intensity  may  be  increased  by  making  the  source  of  sound,  A,  more 
intense;  also,  for  a  given  A,  the  intensity  may  be  reduced  by  increasing  the  absorption,  as. 
The  decadence  of  the  sound  is  given  by  the  factor:  e'*^'/4Tr.  The  time  of  reverberation, 
tf  is  increased  by  increasing  the  volume,  IF,  of  the  room,  so  that  large  rooms  may  be  expected 
to  have  excessive  reverberation.  A  decrease  in  t  may  be  brought  about  by  increasing  the  ab- 
sorbing power,  08,  and  thus  improve  the  reverberation,  but  this  procedure  cannot  be  carried 
too  far  because  an  increase  in  the  absorption  decreases  the  initial  intensity,  as  shown  previously. 
The  conclusion  is  drawn  that  only  in  special  cases  can  both  suitable  intensity  and  time  of  re- 
verberation be  obtained  for  the  same  conditions  in  an  auditorium. 

dOd.  Correction  of  Faulty  Acoustics. — The  practical  solution  of  the  problem  of 
correcting  faulty  acoustics,  has  been  made  by  Sabine*  whose  scientific  work  has  established  the 
fundamental  facts  of  the  subject.  Assuming  a  sound  of  average  intensity,  he  developed  the 
simple  formula:  t  =■  A;Tr/a«, where  t  vs  the  time  of  reverberation;  W,  the  volume  of  the  room; 
aSy  the  absorbing  power  of  all  the  interior  surfaces;  and  k^  a  constant,  depending  on  the  units 
used,  being  equal  to  0.164  when  W  is  measured  in  cubic  meters  and  a  is  taken  in  square  meters. 
The  term  as  is  the  sum  of  all  the  various  absorbing  agencies  in  the  room  and  may  be  expressed 
as: 

as  »  ai«i  +  atSi  +  atSt  + 

where  si  may  be  taken  as  the  area  of  all  the  plaster  surfaces,  and  ai  as  the  absorbing  coefiicient 
of  unit  area  of  plaster  surface;  st  the  area  of  all  the  wooden  surfaces  and  02  the  corresponding 
absorbing  coefficient,  etc.,  until  all  the  absorbing  surfaces  are  included. 

In  a  series  of  investigations  lasting  several  years,  Sabine  determined  the  absorbing  coefficients  of  the  vmrioiis 
materials  commonly  used  in  building  construction.  His  values  are  as  follows,  assuming  that  unit  area  of  <4>6ii 
window  space  has  perfect  absorbing  power  and  that  its  coefficient  is  taken  as  unity: 

Tablb  1. — Sound  Absorbing  Coefficients 

Material  Coeffieiant 

Wood  sheathing,  (hard  pine) 0. 061 

Plaster  on  wood  lath 0.034 

Plaster  on  wire  lath 0.038 

Plaster  on  tile !. . .  0.026 

Glass 0.027 

Brick  set  in  Portland  cement 0.025 

Audience 0. 96 

Oil  paintings,  (inclusive  of  frames) 0 .  28 

House  plants,  per  cubic  meter 0.11 

Carpet  rugs 0.20 

Oriental  rugs,  extra  heavy 0. 29 

Cheese  cloth 0.019 

Cretonne  cloth 0. 15 

Shelia  curtains 0.23 

Hair  felt.  2.5  cm.  thick,  8  cm.  from  wall 0.78 

Cork  2.5  cm.  thick  loose  on  floor 0. 16 

Linoleum,  loose  on  floor 0.12 

1  "  Zur  Thecrie  des  Nachhalls."  Sitsungsberichte  der  Kais.  Akad.  der  Wissensch.  in  Wien,  Math*Naturw. 
Klasse,  Bd.  CXX.  Abt.  2a,  Mai,  1911. 

>  "Architectural  Acoustics.**     A  series  of  papers  in  the  American  Architect,  1900,  and  later  papers. 
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Material  Ahtorhing 

Potoer 

Audienoe.  per  penon 0.44 

Isolated  man 0. 48 

Isolated  woman. 0. 54 

Plain  ash  settees*  each 0. 039 

Plain  ash  settees  per  seat 0.0077 

Plain  ash  chaiis,  "bent  wood" 0.0082 

Upholstered  settees,  hair  and  leather,  each 1 .  10 

Upholstered  settees,  per  single  seat 0 .  28 

Upholstered  chairs  similar  in  style,  each 0.30 

Hair  cushions,  per  seat 0. 21  , 

Elastic  felt  cushions,  per  seat ^ 0.20 

It  should  be  noted  that  plaster,  wood,  and  glaw,  the  materials  that  usually  form  the  interior  surfaces  of  audi- 
toriums, have  small  absorbing  power,  thus  accounting  for  the  faulty  reverberation  found  in  any  large  auditorium. 
Hairfelt,  on  the  other  hand,  which  is  used  extensively  for  acoustical  correction,  has  a  large  coefficient.  To 
be  efficient  as  acoustical  correctives,  materials  should  have  a  coefficient  of  at  least  0.10.  When  judged  by  this 
standard,  any  type  of  plaster  wall  in  common  use  is  seen  to  be  practically  usdess  as  an  absorber.  The  desirable 
qualities  in  an  absorber  are  porosity  and  compressibility.  The  energy  of  sound  incident  on  such  a  material  is 
converted  partly  into  heat  by  friction  in  the  porei,  and  partly  into  mechanical  energy  by  compressing  the  substance, 
the  amount  of  energy  so  converted  constituting  the  absorption.  An  audience  is  a  good  absorber  of  sound  undoubt- 
edly because  of  the  clothing  worn.  When  making  an  acoustical  correction  for  an  auditorium,  the  absorbing 
power  of  the  audienoe  is  figured  as  an  important  factor.  By  the  use  of  these  coefficients  and  Sabine's  formula, 
calculations  may  be  made  indicating  how  much  absorbing  material  shoidd  be  introduced  into  a  room  to  give  satis- 
factory acoustics  for  hvertkge  conditions.  These  calculations  may  be  made  from  the  building  plans  so  that  the  acous- 
tics may  be  provided  for  in  advance  of  construction. 

In  rooms  used  only  for  speaking  purposes,  the  time  of  reverberation  should  be  shorter  than  for  music  alone, 
because  a  longer  time  of  reverberation  is  desired  for  music.  When  the  room  is  to  be  used  for  both  music  and  speak- 
ing, a  time  of  reverberation  is  chosen  that  will  be  fairly  satisfactory  for  both;  the  auditorium  thus  being  made 
somewhat  too  reverberant  for  speaking,  and  not  quite  reverberant  enough  for  music. 

806.  Echoes  in  en  Auditorium. — Other  defects  than  the  reverberation  may 
exist  in  an  auditorium.  An  echo  is  set  up  when  an  auditor  hears  a  sound  coming  direct  from  a 
nearby  speaker  and  then  again  at  a  later  time  when  it  is  reflected  from  a  distant  wall.  Figs. 
20  and  21  show  the  reflections  of 
sound  in  the  Auditorium  at  the  Uni- 
versity of  Illinois  and  how  echoes 
were  caused.  This  room  is  nearly 
hemispherical  in  shape  with  several 
large  arches  and  recesses  which  break 
the  regularity  of  its  inner  surface.  Be- 
cause of  its  large  volume,  425,000  cu. 
ft.,  and  curved  walls  of  hard  plaster, 
it  was  afliicted  with  both  reverbera- 
tion and  echoes.  An  investigation^ 
lasting  several  years,  yielded  an 
analysis  of  the  acoustical  defects,  on 
the  basis  of  which,  action  was  taken  to 
correct  the  faults.  The  echoes  were 
located  experimentally  by  sending  a  small  bundle  of  sound  successively  in  different  directions 
and  noting  its  path  after  reflection.  A  ticking  watch  was  used  as  a  source  of  sound.  When 
backed  by  a  reflector,  this  gave  definite  data,  as  did  also  a  metronome  enclosed  in  a  box 
so  that  the  sound  could  escape  only  through  a  directed  horn;  but  the  results  were  not 
conclusive.  A  satisfactory  method  was  found  that  involved  the  use  of  an  alternating- 
current  arc  light  as  the  source  of  sound.  This  gave  a  hissing  sound  that  traveled  the  same 
path  as  the  light  of  the  arc.  The  light  and  sound  were  reflected  by  a  parabolic  reflector  to 
distant  walls  where  an  observer  could  see  where  the  sound  struck.  The  walls  causing  echoes 
were  then  readily  located. 

1  Bull.  73  on  "Acoustics  of  Auditoriums"  by  F.  R.  Watson  and  BulL  87  on  "Correction  of  Echoes  and  Rever- 
beration in  the  Auditorium,  University  of  Illinois"  by  F.  R.  Wation  and  James  M.  White.  Published  by  the 
Univ.  of  111.  Eng.  Exp.  Sta. 


Fia.  20. — Reflection  of  sound  in  an  auditorium. 
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For  a  diatiDBt  eeho.  T*llanti  eatinmtei  that  the  tim?  diffirenw  between  the  diroat  and  refleatcd  wunda 
(hould  be  about  1/15  lee  ,  dapcndins  un  the  aiictencsa  uf  hearing  of  thf  auditor.  Far  the  pcsotioal  Bvoidan» 
of  echoce.  thb  would  mean  that  the  dillerenoe  in  paths  o(  the  diieot  and  reSeoted  Kunds  ghuuld  not  enmed  70  ft. 

30/.  Interfereoce  and  Resonaace. — Another  acouaticBil  defect  is  created  when 
sound  waves,  reflected  from  the  walls  of  the  room,  meet  the  oncoming  wawes  in  such  a.  manner 
titat  pronounced  interference  taJies  place.  Thus,  a  sustained  musical  sound  may  produce  undue 
loudness  in  some  places  and  a  corresponding  dearth  of  sound  elsewhere.     A  further  defect, 

called  resonance,  is  caused  when 
the  original  sound  is  amplified 
by  the  vibration  of  wooden 
paneling  and  by  the  reinforce- 
ment from  alcoves  or  window- 
recesses.  In  the  practical  cor- 
rection of  the  acoustica  of 
rooms,  it  is  very  desirable  that 
the  absorbing  material  iatro- 
dticed  to  reduce  the  reverbera- 
tion, be  placed  ho  as  to  minimize 
the  echoes  and  other  faults. 

SO?.  Wires  and 
Sounding  Boards. — A  state- 
ment should  be  m^de  concern- 
ing the  acoustical  effect  of 
wires  and  sounding  boards, 
since  these  appeal  to  the  popu- 
lar mind  as  effective  correcting 
agencies.  Wires  are  of  practi- 
cally no  effect.'  They  have 
much  the  same  effect  that  a  fish 
line  in  the  water  has  on  the 

Fw.  21.-H0W  echo^.  -re  Jet  up  by  roflectioa  of  aound.  '^^l*^  ""^''™'      ^O  be  effective, 

the  obstacle  should  be  large 
enough  to  be  comparable  with  the  wave  length  of  the  sound.  An  instance  is  recorded  where 
five  miles  of  wire  were  installed  in  an  auditorium  without  acoustical  effect,  so  it  was  removad 
and  absorbing  material  put  in  for  correction. 

worif  on  walla,  gaUerin  and  othpr  obataclciBcrvc  to  bruk  up  ttie  regular  rcfli-ctlan  of  aound  ano  prpvent  Uie  fo^IIl■' 
tiaD  of  cchoea,  but  tbeli  effect  Id  acouatical  correction  ia  Bmall  complied  with  the  abaorption  of  energy  by  abaorbiii« 
material.  > 

$Oft,  Modeling  New  Auditoriums  After  Old  Ones  With  Good  Acoustics. — A  sug- 
gestion often  made  is  for  architects  to  model  auditoriums  after  those  already  built  thot  have 
good  acoustical  properties.  It  dues  not  follow  that  halls  so  modeled  will  be  successful,  because 
the  materials  used  In  construction  are  not  the  same  year  after  year.  For  instance,  it  was  the 
usual  custom  years  ago  to  build  wooden  stnicturas;  but  modem  practice  requires  the  use  of 
steel,  concrete,  and  plaster  thus  forming  walls  that  transmit  and  absorb  less  sound.  Rirther- 
more,  a  new  auditorium  is  chanRod  somewhat  1«  suit  the  ideaa  of  the  architect  or  the  particu- 
lar circumstances  of  the  new  building,  and  it  ia  quite  probable  that  the  changee  will  affect  the 
acoustics. 

3(h'.  Effect  of  the  Ventilation  System.— It  would  seem  at  first  thought  that  the 
ventilation  system  in  a  room  would  affect  the  acoustics.  The  air  ia  the  medium  that  transmits 
the  sound.     It  has  been  shown  that  the  wind  has  an  action  in  chonging  the  direction  of  propaga- 
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tion  of  aound.'  Sound  is  also  reflected  and  refracted  at  the  boundary  of  gases  that  differ  in 
density  and  temperature.'  It  is  found,  however,  that  the  eSect  of  the  uaual  ventilation  currenta 
on  the  acoustics  in  an  auditorium  m  small.  The  temperature  difference  between  the  heated 
current  and  the  air  in  the  room  is  not  great  enough  to  affect  the  sound  appreciably,  and  the 
motion  of  the  current  is  too  stow  and  over  too  short  a  distance  to  change  the  action  of  the  aound 
to  any  marked  extent.' 
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SI.  Non-transmission  of  Sound. 

31a.  How  Sound  is  Transmitted. — The  second  large  problem  in  the  acoustics  of 
buildings  b  the  transnussion  of  sound.     Sound  may  be  transmitted  from  one  part  of  a  building 
to  other  parts  in  a  variety  of  ways.     The  vibrations  of  piaaos,  cellos,  etc.,  that  rest  on  the  floor, 
and  the  noise  of  nu>tor3,  pumps,  and  other  instruments  that  are  placed  in  intimate  contact  with 
the  building  structure,  are  transmitted  with  surprising  efficiency  through  the  continuity  of 
structure  and  are  hindered  in  their  prog- 
ress only  when  encountering  a  discon- 
tinuity in  elasticity  or  density,  a  large 
change  of  this  kind  being  a  transition 
from   masonry   to   air.     These   disturb- 
ances may  giveriae  to  unexpected  sounds 
by  causing  thin  walls,  partitions,  desks, 
and  other  objects  in  contact  with  the 
building  structure  to  vibrate  and  set  up 
sound  waves  in  the  air.     The  action  is 
quite  similar  to  that  of  a  speaking  tube, 
the  sound  vibrations  in  this  case  being 
confined  in  the  walls  by  the  totally  re- 
flecting air  boundary  about  Ihem. 
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■  anil  thug  create  sound  vibrations  on  the  further  aide, 
nay  pass  from  one  part  of  a  building  to  other  parts  along 
that  are  undnirsble. 

31b.  Experimental  Investigations. — Investigations  that  have  led  to  some  defi- 
nite results,  have  been  inaugurated  to  solve  the  difficulties,  but  there  remains  much  to  be  done.* 
The  comparative  intensities  of  Hound  transmitted  and  reflected  by  partitions  of  different  mtite- 
riala  have  been  measured  by  the  writer.'  A  sound  of  constant  pitch  blown  by  a  steady  air  pres- 
sure, is  directed  by  means  of  a  parabolic  reflector  against  the  partition  as  shown  in  Fig.  22. 
Fart  of  the  sound  is  reflected  and  part  transmitted,  the  intensity  of  each  part  being  measured 
by  a  Rayleigh  Resonator.     The  Rayleigh  Resonator  is  a  brass  tube  tuned  to  the  sound  and  haa 

'  CXborue  ilcynoltls.  Proc.  of  Royal  Moc.,  Vol.  XXIf,  p.  531,  1S74. 
'  IiM.  Henry.  Report  of  Idghthouac  Board  of  U.  .S.,  1H74. 

J.  Tyndall,  Fl.il,  Trane,,  1874. 
'^bine.  Eag.  »cc.,  Vol.  Ql.  p.  779,  ISlC      Waiaon,  Eng.  lUo.,  Vol.  G7,  p.  2D5.  iei3. 
'Sabine.  The  Briclibuilder,  Feb.,  1016. 
•Phy«ica!  Review,  Jan..  IBIO. 
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a  glass  disc  hung  inside  by  a  quartz  thread.  The  disc  deflects  under  the  action  of  the  sound,  the 
angle  of  deflection  being  proportional  to  the  intensity  of  the  sound.  This  arrangement  allows 
quantitative,  comparative  measurements  to  be  obtained  independently  of  the  ear. 

A  preUminary  investigation  fave  the  following  restilta: 

Table  2. — Transmission  and  Replection  of  Sound 


Material 


Thickneas  in  layers. . . 

>i  in,  hairfelt 

\i  in.  oork  board 

^4  in.  cork  board . .  . . 
>4  in.  paper  lined  felt 
^  in.  pai>er  lined  felt 
'4  in.  flax  board  . . . 
\i  in.  pressed'  fiber. . . 
^i  in.  pressed  fiber . . . 


Deflections  of  resonator  for 


TransmiMion 


Reflection 


22.6 
7.9 
1.15 
5.0 
6.5 
2.25 
0.32 
0.2 


15.4 
3.75 
2.05 

21.7 
1.95 
0.55 


10.4 
2.9 
0.85 
3.8 
0.4 
0.1 


4.9 

6.6 

15.7 

22.0 

25.9 

21.2 

20.7 

5.9 

10.4 

6.6 

22.6 

20.0 

23.2 

10.5 
22.6 
22.1 
10.0 
9.3 
20.0 
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Inspection  of  the  results  shows  that  a  porous  material  like  hairfelt,  transmits  much  sound.  Lining  it  with 
paper  stops  the  pores  and  introduces  air  spaces  between  successive  layers  and  thereby  diminishes  the  transmission. 
Dense  materials  transmit  less  sound,  as  shown  by  the  results  for  the  pressed  fiber.  The  law  of  transmission  for  a 
homogeneous  material,  like  hairfelt.  states  that  the  intensity  of  the  transmitted  sound  decreases  exponentially 
with  the  increasing  thickness.  Doubling  the  thickness  does  not  double  the  amount  of  sound  cut  off;  that  is,  if 
1  in.  of  the  material  stops  10%  of  the  sound  entering  the  material,  2  in.  stop  19%,  Sin.  stop  27%,  etc.  For 
non-homogeneous  walls,  such  as  oork  sheets  with  air  spaces  between,  or  compound  walls,  such  as  plaster 
partitions,  there  is  no  simple  law  of  transmission.  When  a  partition  is  elastic,  it  vibrates  under  the  action 
of  the  incident  sound  and  may  be  set  in  vigorous  motion  if  in  tune  with  the  incident  waves.  This  creates 
oompressional  waves  on  the  further  side  of  the  partition  and  thus  transmits  the  sound  energy.  Thick  walls  may 
act  in  this  way  as  well  as  thin  ones.  Vibrations  with  amplitudes  of  one-thousandth  of  an  inch  and  less  are  capable 
of  producing  audible  sounds.  * 

The  reflection  of  sound  increases  usually  with  the  thickness  of  a  homogeneous  material,  but  the  law  is  not  a 
simple  one.     The  reflection  is  large  when  the  transmission  is  small  unless  the  material  Ib  a  good  absorber.     When  a 

partition  vibrates,  the  reflection  may  be  smaller  than  expected,  as  in  the  case  of 
the  >^  in.  paper  lined  felt.  Reflection  is  greater  for  rigid,  heavy  partitions  than 
for  elastic,  thin  ones. 

The  experiments  just  described  point  the  way  to  further  work  and  this  has 
already  been  started  with  improved  methods  and  apparatus.  The  complete 
solution  of  the  problem  involves  the  absorption  of  sound.  Fig.  23  indicates  how 
the  incident  sound  is  reflected,  absorbed,  and  transmitted  in  varying  amounts 
depending  on  the  nature  of  the  material,  the  construction  of  the  partition  and 
the  possibility  of  vibration. 

The  transmission  of  sound  has  been  measured  by  Sabine*  who  tested  the 
sound-insulating  efficiencies  of  hair-felt,  sheet  iron,  and  combinations  of  these 
materials  by  a  method  involving  the  use  of  the  ear  in  listening  for  the  faintest 
trace  of  sound.  He  found  that  hairfelt  transmitted  considerable  sound  but 
that  the  rigid,  dense  sheet  iron  was  more  efficient.  Alternate  layers  of  sheet  iron  and  hairfelt  gave  quite 
satisfactory  insulation.  His  experiments  were  preliminary  to  a  more  extended  investigation  of  standard  con- 
structions and  were  intended  to  establish  methods  and  principles. 

Jftgsr'  states  from  theoretical  considerations  that  thin  walls  of  small  mass  and  easily  capable  of  vibration 
transmit  sounds  quite  readily;  also  that  low  pitched  sounds  pass  through  partitions  more  easily  than  high  pitched 
ones.  Tults^  concluded  from  his  experiments  that  porous  materials  transmit  sound  in  much  the  same  proportion 
that  they  allow  air  to  pass. 

81c.  Sound-proof  Rooms. — ^The  foregoing  conclusions  indicate  the  constructions 
best  suited  for  making  rooms  sound-proof.    What  is  desired  are  walls  that  are  rigid  and  heavy 

1  See  "Vibrations  of  Buildings."  Art.  31d. 

2  "The  Insulation  of  Sound/'  The  Briekbuilder,  Feb.,  1916. 
'  See  previous  reference,  p  748. 

*  Amer.  Jour,  of  Science,  Vol.  2,  p.  357,  1901. 


FiQ.  23. — Action  of  a  material 
in  reflecting,  absorbing,  and 
transmitting  sound. 
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with  some  sort  of  discontinuity,  such  as  an  air  space.  It  appears  of  advantage  to  place  sound- 
absorbing  material  in  this  air  space.  Unfortunately,  it  is  not  possible  in  practice  to  have  a 
complete  air  discontinuity  about  a  room,  because  the  walls  make  a  more  or  less  intimate  contact 
at  the  floor  where  they  are  supported.  It  is  also  apparent  that  any  ventilation  openings  or 
cracks  about  doors,  pipes,  and  partitions  that  will  give  a  continuous  air  passage,  will  allow 
transmission  of  sound  and  should  be  avoided  as  far  as  possible.  Further,  steam  and  water 
pipes  convey  sounds  of  distant  pumps,  motors,  and  furnaces  and  are  likely  to  pass  these  sounds 
to  the  air  in  the  roooL 

81(i.  Vibrations  in  Buildings. — ^Another  problem  in  the  transmission  of  sound 
arises  because  of  the  vibrations  of  walls,  floors,  and  other  portiops  of  the  building  which  are  apt 
to  give  forth  sound.  A  systematic  investigation  of  this  subject  was  carried  out  by  Hall^  in 
San  Francisco.  He  used  a  modified  seismograph  pendulum  that  recorded  vibrations  in  three 
directions,  two  horizontal  vibrations  at  right  angles  to  each  other  and  a  third  vertical  vibration. 
The  results  showed  that  buildings  vibrate  in  all  three  directions  to  a  greater  or  less  extent 
because  of  machinery,  street  trafiic,  and  other  causes.  The  magnitude  of  the  vibrations  is 
generally  small,  varying  in  Hall's  observations  from  about  0.0014  to  0.00004  in. ;  but  it  is  likely 
that  vibrations  of  factory  floors  exceed  these  values.  The  frequencies  of  the  vibrations  varied 
from  about  2  to  9  per  sec. 

Vibrations  of  walls  are  capable  of  producing  sound  waves  in  the  surrounding  air,  that  will  be  audible  if  the 
amplitude  of  vibration  is  large  enough.  There  appears  to  be  no  data  for  this  particular  case,  but  some  idea  of  the 
action  may  be  gained  from  experiments  by  Shaw'  who  found  that  a  id^hone  receiver  membrane  vibrating  with 
small  double  amplitudes  gave  sounds  when  held  to  the  ear  as  indicated  in  Table  3. 

Table  3. — Sounds  Produced  bt  a  Vibratinq  Telephone  Membrane 

Double  amplitude  Result 

0.000006  in.  sound  "just  audible" 

0.0004      in.  sound  "just  comfortably  loud" 

0.008        in.  sound  "just  uncomfortably  loud" 

0.04  in.  sound  "just  overpowering" 

Hall's  values  lie  within  these  limits  but  the  sounds  produced. would  be  considerably  fainter  because  they  are  not 
conveyed  so  directly  or  so  efficiently  to  the  ear  as  in  Shaw's  experiment. 

More  recently,  this  problem  has  been  extended  by  others'  from  the  economic  standpoint,  since  it  appears  that 
these  vibrations,  particularly  in  factories,  affect  the  physical  welfare  and  efficiency  of  the  employees.  The  results 
of  the  investigations  described  lead  to  the  following  recommendations  for  reducing  vibrations:  (1)  to  minimise  the 
vibration  at  the  source  by  using  properly  balanced  machines,  and  by  mounting  them  on  separate  foundations  or  on 
heavy,  rigid  floors;  and  (2)  to  reduce  transmission  of  vibrations  by  introducing  materials  to  produce  changes  in  the 
elasticity  and  density  of  the  building  structure,  thus  following  the  principles  already  set  forth  in  regard  to  non- 
transmission  of  sound. 

82.  Condtision. — A  number  of  related  problems  in  the  acoustics  of  buildings  remain 
unsolved.  There  is  need  for  further  information  on  the  construction  of  sound-proof  rooms; 
how  different  constructions  reflect,  absorb,  and  transmit  sounds  of  different  frequencies;  and 
how  pipes  and  ventilating  ducts  may  be  modified  to  prevent  transmission  of  vibrations.  There 
is  need  also  for  efficient,  fireproof,  sound-absorbing  materials  that  are  comparatively 
inexpensive  and  capable  of  being  cleaned  without  impairing  their  acoustical  efficiency. 

While  it  is  seen  that  a  number  of  problems  await  solution,  it  is  abo  apparent  that  a  considerable  fund  of  inform- 
ation is  at  hand  for  guidance  in  securing  satisfactory  acoustics,  particularly  in  auditoriums.  It  would  therefore 
seem  desirable  for  architects  and  builders  to  avoid  the  acoustical  defects  so  prevalent  in  existing  buildings  by  speci- 
fying in  advance  of  construction  of  new  buildings  that  proper  action  be  taken  to  secure  satisfactory  acoustics  ss 
far  as  possible.^ 

»  "Graphical  Analysis  of  Building  Vibrations,"  Elec.  World,  Dec.  18,  191ft.    Also  earlier  papers. 

*  Proc.  of  Royal  Society,  Vol.  76 A,  p.  360,  1006. 

*  Maurice  Deutsch,  Consulting  Engineer,  New  York  City.  (See  pamphlet  entitled  "The  Effecto  of  Vibration 
in  Structures"  published  by  the  Aberthaw  Construction  Company,  Boston.) 

^  Those  who  desire  to  read  further  in  the  subject  of  Acoustics  of  Buildings  will  find  smple  material  and  biblio- 
graphy in  the  references  given  in  footnotes  throughout  the  chapter. 
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SCHOOL  PLANNING 

Bt  James  O.  Betelle 

School  Planning  has  made  very  rapid  and  marked  development  in  the  last  decade,  and,  on 
account  of  the  changes  brought  about  by  the  world  war,  even  greater  and  more  mariced  develop- 
ments are  looked  for  within  the  next  few  years.  Courses  of  studies  are  changing,  new  ones  are 
being  added,  and  some  old  ones  being  abandoned.  This  means  changes  in  the  usual  school 
building  plan  to  properly  take  care  of  these  new  conditions.  It  also  means  that  new  buildings 
shall  be  so  constructed  that  changes  may  easily  be  made  after  the  school  b  built,  as  no  school 
building  can  be  up-to-date  for  a  very  long  period  during  these  times  of  rapid  adjustment  in 
school  administration. 

33.  Educational  Surveys. — Farshigted  communities  who  wish  to  locate  and  to  build 
their  schools  scientifically,  and  with  a  look  to  the  future,  are  beginning  to  see  the  importance 
of  having  an  educational  survey  made  of  their  town  or  city  by  experts  who  make  a  specialty 
of  such  work.  As  a  result  of  what  is  learned  regarding  existing  conditions  and  probable  future 
trend  and  increase  in  population,  a  building  program  for  the  next  5  to  10  years  is  planned  out, 
sites  acquired,  and  building  work  started.  For  typical  examples  of  these  surveys  see  the  reports 
of  the  surveys  made  of  Portland,  Oregon,  Omaha»  Neb.,  St.  Paul,  Minn.,  and  Cleveland,  Ohio. 

34.  School  Sites. — The  recently  enacted  physical  training  and  military  training  laws  in 
many  of  our  states,  as  well  as  a  more  enlightened  public  opinion,  has  made  larger  school  sites 
necessary. 

For  the  average  elementary  school  accommodating  about  800  pupils,  a  site  of  not  less  than  4  acres  is 
recommended;  and  for  the  intermediate  school  of  800  pupils,  a  site  of  not  less  than  5  acres  is  recommended. 
In  an  intermediate  school  the  playground  requirements  become  more  important  and  an  experimental  school 
garden  is  often  included. 

FcH*  the  high  school  accommodating  about  1000  pupils  a  site  of  10  acres,  or  more,  is  recommended.  This  will 
include  not  only  space  for  games,  such  at  tennis,  hand  ball,  basket  ball,  etc.,  but  also  a  complete  athletic  fidd  with 
base  ball  and  football  fields,  running  track,  and  bleachers  for  spectators.  It  is  very  desirable  to  have  the  scho<d 
athletic  field  adjoin  the  high  school,  as  the  games,  drills,  and  exercises  can  be  more  easily  supervised.  The  gym- 
nasium in  the  building  with  its  lockers,  showers,  and  other  dependencies  are  readily  available  and  classes  can  be 
easily  drilled  or  exercised  in  the  open  air  when  the  weather  is  suitable,  instead  of  in  the  enclosed  gymnasium. 

Sites  shoidd  also  be  selected  with  due  regard  for  healthful  conditions,  accessibility,  absence  of  noise,  dangerous 
approaches,  good  moral  surroundings,  etc.  The  Minnesota  school  building  regulations  recommend  that  even  on 
the  smallest  sites,  not  more  than  20  %  of  the  entire  area  be  used  for  the  building. 

It  seems  to  be  agreed  among  educators  that  school  buildings  should  be  so  located  that  no  scholar  attending 
the  primary  school  shall  have  more  than  ^  of  a  mile  to  walk,  and  if  attending  an  intermediate  school  not  farther 
that  IH  miles.  High  school  scholars  can  travel  as  far  as  2^  miles,  but  a  limit  of  2  miles  is  to  be  preferred.  In 
special  cases  scholars  do  travel  farther  to  school  than  these  distances,  but  trolleys  or  other  special  means  of  trana- 
portation  are  used. 

35.  Program  of  Studies. — No  school  can  be  properly  designed  until  the  superintendent 
of  schools  furnishes  the  architect  with  a  program  giving  the  course  of  studies  to  be  taught, 
length  of  class  periods,  number,  size,  and  kind  of  rooms  desired,  and  number  of  pupils  to  be 
accommodated  in  each  subject.  This  will  permit  the  architect  to  so  design  the  school  as  to 
suit  the  particular  subjects  to  be  taught,  rather  than  make  the  program  of  studies  fit  in  with 
the  building  after  it  is  built. 

36.  School  Building  Laws  of  Various  States. — Many  states  have  laws  which  apply  to  the 
construction  of  school  buildings.  Copies  of  these  laws  and  any  rules  relating  to  building  or 
grounds  which  have  been  adopted  by  the  State  Board  of  Education,  should  be  obtained  and 
carefully  followed  in  designing  the  building.  Where  slate  laws  exist  it  is  usually  required  that 
all  plans  and  specifications  of  school  buildings  be  submitted  to  the  State  Board  of  Education 
for  approval  before  starting  to  build.  The  requirements  of  these  laws  vary  widely  from  nothing 
at  all  in  some  states,  to  very  rigid  requirements  in  Ohio.  The  appointment  of  a  federal  commia- 
sion  is  being  advocated  to  standardize  these  laws  in  the  various  states  and  bring  about  some 
semblance  of  uniformity.  The  control  over  existing  school  buildings  and  the  plans  for  new 
buildings  is  usually  enforced  by  State  Boards  of  Education  through  their  control  of  state  money 
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which  they  apportion  and  distribute  to  the  various  communities,  and  which  they  may  withhold 
unless  certain  standards  are  lived  up  to. 

87.  School  Organization. — ^The  school  life  of  children  is  divided  into  12  years  and  generally 
designated  as  1st  to  12th  grades.  Sometimes  grades  are  designated  as  IB-IA,  2B~2A,  etc., 
where  there  is  a  promotion  at  midyear.  The  further  division  has  been  general  of  housing  the 
first  8  years  or  grades  in  a  grade  school  and  the  last  4  years  in  a  high  school,  the  grades  in  the 
high  school  being  caUed  1st,  2d,  3d,  and  4th  years.  A  change  in  this  organization  is  now  being 
made  by  placing  a  Junior  High  School  between  the  lower  grades  and  the  senior  high  school. 
This  organization  and  its  advantages,  will  be  treated  under  the  description  of  the  junior  high 
school. 

A  tendency  to  make  an  intensive  use  of  the  school  plant  has  been  very  marked  in  recent 
years.  The  use  of  the  various  buildings  only  6  hours  a  day  for  200  days  each  year  is  giving  way 
to  twice  as  much  use,  or  more.  If  we  are  to  have  the  necessary  school  plant  and  equipment, 
which  modem  education  demands,  and  still  keep  taxes  within  reasonable  limits,  economy 
must  be  practiced.  There  is  no  easier  way  to  economize  than  to  make  more  use  than  for- 
merly of  the  facilities  we  already  have. 

The  Bo-called  "Gary"  plan  is  a  scheme  for  the  more  intenaiTe  use  of  tiie  school  plant,  the  accommodation  of 
more  children,  and  at  the  same  time  giving  a  more  diversified  and  attractive  course  of  study,  work,  and  play.  The 
"alternatii^  plan"  and  "platoon  system"  are  only  modifications  of  the  "Qary  "  jA&n,  to  solve  the  problem  of  some 
special  community.  From  lack  of  construction  of  new  school  buildings  to  take  care  of  the  normal  growth  in  popu- 
lation during  the  past  few  years  and  the  excessive  cost  of  new  construction,  communities  have  been  forced  into  this 
new  scheme  of  organization.  The  other  alternative  is  to  place  a  portion  of  the  scholars  on  part  time,  which  every 
one  hesitates  to  do.  Briefly  the  schemes  are  about  as  follows:  One-half  the  schdars  report  at  school,  say  at  8:30 
A.  M.  After  the  first  period  spent  in  the  class  rooms  these  pupils  move  on  to  the  special  rooms,  such  as  shops, 
gymnasium,  auditorium,  or  playgrounds,  and  leave  the  class  rooms  vacant  for  the  second  section  or  platoon.  The 
program  of  the  soho(d  is  therefore  rather  complicated  but  very  ingenious.  The  school  day  is  longer  than  under  the 
usual  program  because  there  are  periods  of  supervised  play,  gymnasium,  swimming  jkxA,  etc.  The  first  plat- 
toon's  day  comes  to  an  end  around  4:00  o'clock  and  the  second  platoon  one  period  later,  or  around  4:40  o'clock. 
To  run  a  scho<^  on  this  intensive  basis  makes  it  necessary  to  operate  it  on  the  departmental  plan  and  the  school 
building  must  be  very  complete  in  its  various  departments.  The  reason  more  scholars  can  be  accommodated  in 
this  tjrpe  of  school  than  in  the  ordinary  one  is  because  several  classes  at  a  time  are  taken  into  the  auditorium  and 
given  a  singing  lesson,  an  illustrated  lecture,  or  something  that  can  be  taught  in  large  groups;  other  large  groups  at 
the  same  time  go  to  the  playgrounds,  to  the  gymnasium,  etc..  so  that  while  the  first  platoon  is  absorbed  in  these 
special  activities,  the  second  platoon  has  the  use  of  the  recitation  and  class  rooms;  thus  the  platoons  alternate 
throughout  the  day.  In  some  instances,  groups  of  children  are  sent  once  a  week  for  religious  instructions  to  nearby 
churches  designated  by  the  Protestant,  Catholic,  and  Jewish  organisations,  thus  making  still  more  room  in  the 
school  for  more  pupils. 

88.  Kinds  of  Schools. — (1)  Primary  School,  (2)  Intermediate  or  Junior  High  School,  (3) 
Senior  High  School,  (4)  Manual  Training  or  Commercial  High  School,  (5)  Vocational  School. 

80.  Primary  Schools. — Primary  schools  accommodate  children  from  kindergarten  age 
(4  to  6  years)  up  to  and  including  the  6th  grade,  where  there  is  a  junior  high  school,  and  up  to  the 
8th  grade  where  no  junior  high  school  exists.  The  plan  of  the  building  is  very  simple  and  con- 
sists principally  of  class  rooms  accommodating  40  to  42  pupils  eacht  .It  may  or  may  not  have 
an  auditorium.  If  it  has  an  auditorium,  it  need  only  be  large  enough  to  accommodate  M  to  ^ 
of  the  pupils  at  one  sitting.  A  few  years  difference  in  the  ages  of  children  at  this  period  means 
considerable  difference  m  their  mental  development.  It  is  not  possible  to  talk  to  the  entire 
group  of  1st  to  8th  grades,  without  talking  over  the  heads  of  the  smaller  children  or  beneath 
the  older  ones.  For  this  reason,  they  are  assembled  in  groups  of  only  a  few  years'  difference  in 
age,  and  not  so  large  an  auditorium  is  needed.  There  is  no  objection,  however,  other  than  the 
cost  to  having  an  auditorium  seating  the  entire  school,  as  it  is  often  desirable  to  get  all  the  pupils 
together  for  some  special  occasion,  such  as  at  Christmas  time,  or  for  other  entertainments. 

A  play  room  or  exercise  room  is  provided  to  take  care  of  the  children  at  recess  and  before  school  during  stormy 
weather,  and  equal  in  area  to  about  1500  sq.  ft.  It  is  not  usually  called  a  gymnasium  because  little  or  no  apparatus 
is  used. 

The  primary  school  is  organised  on  the  simplest  basis  and  the  children  do  not  go  from  room  to  room  as  in  the 
departmental  scheme,  but  remain  in  the  same  class  room  and  under  the  same  teacher  all  the  time. 

In  schools  including  the  7th  and  8th  grades,  a  few  special  rooms  are  included,  such  as  manual  arts  room, 
liousehold  arts  room,  drawing  room,  etc. 
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40.  Intermediate  or  Junio^  High  SchooL — ^Tlie  junior  high  school  is  an  innovation  in  the 
school  organization  which  is  being  received  with  great  favor.  Educators  claim  many  advan- 
tages both  from  a  financial  and  an  educational  standpoint.  Where  junior  high  schools  exist, 
the  entire  school  system  is  organized  on  one  of  several  ways,  such  as  the  6-6,  the  6-2-4,  or  the 
6-3-3  plan,  the  latter  meaning  6  years  primary  school,  3  years  junior  high  school,  and  3 
years  high  school.  The  other  schemes  are  adopted  to  meet  certain  special  situations  as,  for 
instance,  in  the  6-6  plan,  the  community  may  have  a  large  and  well  organized  high  school 
which  is  large  enough  to  include  the  7th  and  8th  grades.  The  pupils  are  therefore  put  in  with 
the  high  school  and  no  additional  building  is  needed.  As  the  high  school  enrollment  increases, 
however,  instead  of  enlarging  the  high  school  building,  the  junior  high  school  can  be  built  in 
which  will  be  accommodated  the  7th  and  8th  grades  and  the  first  year  high  school  class,  thus 
relieving  not  only  the  high  school  but  the  grade  schools  as  well.  The  school  system  will  then 
be  organized  on  the  6-3-3  plan,  whiph  seems  to  be  the  most  desirable. 

The  following  claims  are  made  in  favor  of  junior  high  schools : 

1.  Children  in  the  ftdole«cent  stage  are  beet  housed  in  separate  buildings  away  from  the  extremely  young 
pupils  as  well  as  the  more  mature. 

2.  As  the  junior  high  schools  are  usually  run  on  the  departmental  plan  or  to  a  great  extent  on  that  basis,  it 
provides  an  easy  break  between  the  very  much  supervised  primary  school,  and  the  high  school  where  the  student 
is  thrown  on  his  own  resources  and  responsibility. 

3.  The  children  are  often  kept  a  little  longer  at  school  and  instead  of  leaving  on  completion  of  the  8th  grade, 
as  they  probably  would  under  the  ordinary  8-4  organization,  they  are  encouraged  to  complete  the  junior  high  school 
course,  which  includes  the  9th  grade  or  Ist  year  high  school.  There  is  abo  the  chance  that  having  gone  through 
Uie  9th  grade,  the  pupil  will  be  interested  to  go  further. 

4.  It  is  possible  to  give  better  instruction  under  the  departmental  plan  where  the  pupils  go  to  special  teachers 
for  certain  subjects  than  it  is  where  one  teacher  instructs  in  all  subjects.  Pupils  have  a  more  diversified  course  of 
study  and  wider  experiences  in  a  junior  high  school  organisation,  and  are  therefore  better  equipped  to  go  out 
into  the  world's  struggle  than  they  are  under  the  8-4  system.  Promotions  are  usually  made  by  subjects  and 
not  by  grades:  this  makes  for  efficiency  and  permits  the  pupil  especially  bright  in  any  subject  to  progress  more 
rapidly. 

(5)  The  9th  grade  or  first  year  high  school  class  is  alwayv  the  largest  in  a  high  school,  and  more  pupils  drop 
out  during  or  at  the  end  of  this  year  than  at  any  other  time  in  the  high  school  coiuve.  The  three  upper  high  school 
classes  are  of  a  more  even  number,  and  the  chances  are  that  a  pupil  entering  the  second  year  will  complete  the  high 
school  course.  It  is  therefore  more  economical  from  a  building  standpoint  to  house  this  large  number  of  pupils  in 
the  lowest  high  school  grade  in  a  building  which  is  not  so  costly  or  elaborately  equipped  as  a  modern  senior  high 
school  building. 

(6)  The  number  of  pupils  in  a  class  is  generally  reduced  from  42  to  85,  thus  placing  it  on  the  high  school 
basis  and  furnishing  more  individual  instruction  to  each  pupil  in  the  claM. 

More  special  rooms  are  provided  than  in  a  primary  school  but  not  so  many  or  so  elaborately 
equipped  as  in  a  senior  high  school. 

41.  Senior  High  School. — Almost  everyone  is  familiar  with  the  usual  senior  high  school, 
its  organization  and  general  arrangement.  The  tendency  is  to  have  more  elective  courses 
and  place  special  emphasis  on  the  difference  between  the  courses  for  those  going  to  college  and 
those  whose  education  ends  upon  graduation  from  the  high  school.  Many  special  rooms  are 
included  and  these  will  be  described  in  detail  under  separate  headings. 

42.  Manual  Training  and  Commercial  High  Schools. — These  are  specially  planned  and 
equipped  schools  for  the  teaching  of  special  subjects.  A  manual  training  high  school  should 
not  be  confused  with  a  vocational  school.  In  the  manual  training  school  the  pupil  gives  atten- 
tion to  many  subjects  in  order  to  have  a  variety  of  experiences,  and  a  trained  eye  and  hand  as 
well  as  a  trained  mind.  In  a  vocational  school  the  pupil  gives  special  attention  to  one  certain 
vocation  and  its  allied  studies  with  a  view  of  taking  up  the  subject  for  his  life's  work. 

The  commercial  high  schools  specialize  on  subjects  similar  to  the  ordinary  business 
college,  such  as  bookkeeping,  typewriting,  stenography,  letter  writing,  business  arithmetic, 
business  law,  customs,  etc. 

It  is  the  tendency  at  the  present  time  to  concentrate  the  various  different  departments  in  one  large  high  school 
and  not  split  them  up  into  a  number  of  separate  units  teaching  special  subjects.  These  are  known  as  "compre- 
hensive," or  "cosmopolitan"  type  of  high  schools.  It  is  claimed  that  the  pupil  has  a  better  chance  to  make  an 
intelligent  choice  of  his  life  work  by  being  in  dose  association  with  pupils  in  various  courses  and  if  he  decides,  as 
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time  goes  on,  4hat  it  is  best  to  make  an  adjustment  ot  change  in  his  course  of  studies,  it  can  easily  be  arranged 
without  the  necessity  of  changing  schools.  - 

48.  Vocational  Schools,  and  Smith-Hughes  Bill. — ^The  object  of  the  vocational  school  is 
to  fit  an  individual  to  pursue  effectively  a  recognized  profitable  employment.  It  is  intended 
for  persons  over  14  yr.  of  age  who  are  preparing  for  a  trade  or  industrial  pursuit.  It  is  not 
intended  to  take  the  place  of  the  regular  schools,  but  in  a  large  measure  is  intended  to  keep 
interested  and  at  school,  pupils  who  would  otherwise  leave  and  go  to  work.  The  number  of 
pupils  leaving  school  and  seeking  employment  at  the  early  age  of  14  yr.  is  alarming,  and  the 
cause  of  their  leaving  and  starting  to  work  is  not  always  an  economic  one.  With  courses  of 
studies,  such  as  the  vocational  school  will  provide,  a  great  number  of  these  pupils  can  be  kept 
at  school  2  or  3  yr.  longer  and  receive  sufficient  training  in  useful  occupations  to  take  them  out 
of  the  unskilled  labor  class. 

The  U.  S.  Government  has  recognised  the  need  of  more  skilled  artisans,  and  realises  that  it  is  not  a  local 
matter.  A  pupil  may  be  born  in  Californiat  get  his  training  in  Massachusetts,  and  later  spend  his  days  as  a  machin- 
ist in  Indiana.  In  recognition  of  the  above  condition  Congress  passed  the  Smith-Hughes  Bill  establishing  the  Fed- 
eral Board  for  Vocational  Education  and  renders  financial  aid  to  the  various  states  where  vocational  schools  are 
established.  The  bill,  however,  does  not  grant  any  money  for  the  building  or  equipment:  this  must  be  taken  care 
of  entirely  by  the  community.  The  financial  aid  from  the  Government  is  to  be  devoted  toward  payment  of  the 
teachers*  salaries  and  the  training  of  teachers. 

Vocational  schools  are  built  separately  for  boys  and  girls  and  it  is  important  to  give  an  actual  shop  atmosphere 
to  the  building  and  its  work  rooms.  Its  shops  should  be  amply  large  and  flexible  so  as  to  take  care  of  changing 
conditions.  In  most  vocational  schools  special  attention  is  given  to  local  industries.  Boys'  schools  include  such 
courses  as  plumbing,  electrical  work,  pattern  making,  sheet  metal  work,  automobile  and  gas  engines,  printing, 
brick  laying,  carpentry,  sign  painting,  blacksmithy,  machinery,  etc.  Girls'  schools,  such  courses  as  dressmaking, 
millinery,  suit  and  cloak  making,  children's  clothing,  novelty  work,  electric  power  machine  operating  trades,  fea- 
ther and  paper  working,  weaving,  glove. making,  straw  hat  making,  embroidery,  hemstitching,  sample  mounting, 
etc.  About  70  %  of  the  girls  forced  to  become  wage  earners  in  the  skilled  trades  take  up  some  form  of  dress- 
making. All  of  the  shops  and  work  rooms  should  be  laid  out  as  near  actual  working  conditions  in  the  trade  as 
possible.  The  advice  of  the  instructor  in  the  various  shops,  as  well  as  advice  of  heads  of  large  and  successful 
local  industries,  should  be  sought  and  followed  by  the  school  board  and  architect  in  designing  and  equipping  *the 
school  building. 

Vocational  schools  and  junior  high  schools  are  the  two  newest  types  in  schools  that  have  been  developed  in 
the  past  10  years,  and  indications  point  to  rapid  development  in  these  two  types  in  the  immediate  future. 

44.  Continuation  or  Part-time  Classes. — Continuation  classes  are  for  the  purpose  of 
continuing  a  pupil's  education  for  a  certain  time  longer,  when  he  has  been  permitted  to  leave 
and  go  to  work  at  an  early  age.  Part-time  classes  are  organized  when  an  employer  recognizes 
the  advantage  to  him  of  improving  the  skill  and  training  of  his  workmen.  He  permits  certain 
of  his  younger  employees,  at  his  expense  and  during  working  hours,  to  go  to  school  for  special 
instruction  in  his  particular  line  of  work. 

46.  Wider  Use  of  School  Buildings. — In  line  with  the  more  intensive  use  of  school  buildings 
for  instruction  purposes,  has  come  4he  wider  use  of  these  buildings  for  community  or  neighbor- 
hood purposes.  In  designing  the  building,  the  architect  should  keep  in  mind  this  wider  use 
and  arrange  certain  rooms  which  are  likely  to  be  used  by  the  community  so  that  they  are  easily 
accessible  without  disturbing  the  school  while  in  session,  or  so  that  these  rooms  can  be  used  at 
nights  or  holidays  without  the  necessity  of  opening  up  the  entire  building. 

Among  the  rooms  most  likely  to  be  used  by'tho  community  are  the  following:  (1)  The  auditorium  for  lectures' 
moving  pictures,  plays,  concerts,  political  meetings,  etc. ;  (2)  the  kindergarten  for  small  dances,  receptions  by  tea- 
chers, the  home  and  school  association,  or  similar  bodies;  (3)  the  gymnasium  for  largo  dances  and  receptions,  for 
men  or  boys'  gymnasium  classes,  for  neighborhood  basketball  teams,  for  boy  scouts,  etc.;  (4)  the  library  as  a  cir- 
culating branch  from  the  central  public  library;  (5)  the  domestic  science  room  by  the  Red  Cress  or  other  society,  a 
community  kitchen,  or  preparing  refreshments  for  socials  or  receptions  held  in  other  parts  of  the  building;  (6)  .a 
room  so  arranged  with  an  outside  entrance,  or  that  is  n^u*  one,  so  it  can  be  used  on  election  days  as  a  voting  place; 
and  (7)  toilet  and  shower  rooms  made  aooessihle  for  plasring  grounds  so  they  can  be  used  during  summer  vacations, 
and  at  hours  when  school  building  is  closed.  These  are  all  uses  separate  and  distinct  from  the  day  or  evening 
schools,  and  should  be  provided  for  not  only  to  stimulate  interest  and  pride  in  the  school,  but  to  develop  and 
maintain  the  best  American  citizenship. 

46.  Height  of  School  Buildings,  and  One-story  Schools. — It  is  an  axiom  in  school  con- 
struction to  have  as  few  stories  as  possible.    Basements  with  floor  lines  below  grade  level  are 
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being  eliminated.  These  basement  stories  contain  very  much  waste  space,  are  oftentimes  damp 
and  are  always  poorly  lighted.  When  the  school  becomes  crowded,  classes  are  practically 
alwa3rs  placed  in  these  unsuitable  quarters  either  permanently  or  temporarily,  until  a  new 
school  can  be  built.  In  many  large  cities,  notably  Boston,  New  York,  Chicago,  and  Cleveland, 
basements  are  being  eliminated  and  the  first  floor  placed  one  step  above  the  general  grade 
level.  This  makes  the  rooms  in  the  lowest  story  as  well  lighted  and  as  dry  and  usuable  as  any 
in  the  building.  The  heating  plant  is  sometimes  placed  in  a  small  basement  under  the  ground 
floor,  but  as  this  makes  a  very  deep  excavation  necessary,  it  is  better  to  place  it  in  the  building 
on  the  ground  floor,  or  in  an  extension  outside  the  main  building. 

It  seems  agreed  that  a  building  3  stories  or  2  flights  of  stairs  high  is  about  the  limit  for  any 
school.  While  in  very  large  cities  schools  are  sometimes  built  higher,  it  is  an  exception,  and 
it  is  only  the  congested  districts  and  immense  value  of  land  that  makes  it  necessary.  Grade 
schools  which  are  built  2  stories  of  1  flight  of  stairs  high  are  preferred  to  a  higher  building. 

A  recent  deyelopment  in  school  buildings  ia  the  large  1-etory  schoolhouso.  This  idea  is  confined  principally 
to  primary  or  grade  schools  and  has  many  advantages.  It  eliminates  stairs  and  in  many  cases  each  room  has  a 
exit  door  to  the  outside  on  grade,  besides  being  connected  to  the  school  corridors,  thus  making  each  class  room  more 
or  less  of  a  unit  in  itself.  Numerous  examples  of  this  type  of  school  have  been  built  in  California,  Oregon,  Kansas 
City,  Minneapolis,  Rochester,  and  around  Chicago. 

The  advantages  claimed  are  as  fo'ilows:  (1)  Safety  from  fire  and  panic;  (2)  quicker  and  cheaper  to  build;  and 
(3)  elastic  in  plan,  with  additions  easily  made. 

Its  one  great  disadvantage  is  the  sise  of  the  plot  of  ground  required  and  the  added  cost  of  this  land. 

While  12  rooms  with  auditorium  and  kindergarten  seems  to  bo  the  average  maximum  sixe,  the  City  of  Cleve- 
land is  building  1-fltory  schools  considerably  larger  in  sise,  made  necessary  principally  by  the  drastic  requirements 
of  the  Ohio  school  building  code. 

Many  of  the  l-story  schools  have  a  minimum  amount  of  light  admitted  from  the  side  walls,  with  the  majority 
of  the  light  coming  from  an  overhead  skylight.  This  has  a  special  advantage  in  those  rooms  facing  south,  where 
during  a  greater  part  of  the  day  the  window  shades  have  to  be  pulled  down  on  account  of  the  sun  shinipg  into  class 
rooms.  The  skylight  is  built  on  the  principle  of  the  saw-tooth  factory  roof,  and  faces  north.  No  sun  can  shine 
into  the  room  through  this  t3rpe  of  skylight  and  yet  ttic  desk  farthest  from  the  outside  windows  is  as  well  lighted 
as  those  next  to  the  windows. 

It  is  predicted  that  the  l-story  schools,  witl  floor  on  grade,  without  basements,  will  come  into  very  general  use 
in  our  smaller  cities,  for  medium  sixe  grade  school  buildings. 

47.  School  Building  Measurements. — In  order  to  bring  about  a  standard  of  comparison 
as  to  cost,  pupil  capacity,  cubature,  etc.,  the  following  report  has  been  adopted  by  the  American 
Institute  of  Architects,  and  also  by  the  Committee  on  Standardization  of  School  Buildings  of 
the  National  Educational  Association.  It  is  recommended  and  urged  that  these  directions 
be  closely  followed  in  preparing  data  on  school  costs,  etc. 

For  the  purpose  of  obtaining  comparable  data  upon  the  educational  utility  and  cost  of  school  buildings,  they 
shall  be  classified,  measured,  and  defined  as  follows: 

EduccUxonal  ClaatificcUum:  School' buildings  shall  be  classified,  educational^,  as:  lower  elementary,  upper 
elementary,  hfgh,  or  secondary. 

Lower  EUmenlary:  Shall  be  defined  as  a  building  containing  class  and  kindergarten  rooms,  together  with  the 
usual  accessory  rooms,  such  as  principal's  ofSce,  teachers'  rooms,  play  rooms,  toilets,  etc.,  and  used  for  the  lower 
elementary  grades  only. 

Should  a  school  building  of  this  type  be  provided  with  assembly  room,  gymnasium,  or  other  special  rooms,  it 
shall  fall  into  the  next  classification. 

Upper  Elementary:  Shall  be  defined  as  a  building  containing  lower  or  upper  elementary  grades,  and  in  addition 
to  the  regular  class  and  accessory  rooms,  an  assembly  hall,  gymnasium,  and  such  special  rooms  as  may  be  included 
for  upper  grade  or  spedal  work,  which  may  include  elementary  science,  elementary  industrial  training  and  house- 
hold arts. 

This  classification  would  thus  include  the  Junior  High  School,  the  Elementary  Industrial  or  other  types  of  spec- 
ial elementary  schools. 

High  or  Secondary:  Shall  be  defined  as  a  building  containing  class  rooms,  recitation  rooms,  laboratories,  and 
such  special  rooms  as  are  necessary  for  classical,  technical,  commercial,  industrial,  household  arts,  normal,  agricul- 
tural, or  other  purposes  required  for  secondary  or  junior  college  education. 

Conttruction  Claaaificalion 

Type  A. — A  building  constructed  entirely  of  fire  resistive  materials,  including  its  roof,  windows,  doors,  floors 
and  finish. 

Type  B. — A  building  of  fire  resistive  construction  in  its  walls,  floors,  stairwajrs  and  ceilings,  but  with  wood 
finish,  wood  or  composition  floor  surface,  and  wood  roof  construction  over  fire  resistive  ceiling. 
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TirP«  C. — A  building  with  maaonry  wsUs*  fire  resistive  corridors  and  stairways,  but  with  ordinary  construction 
otherwise,  «.«.*  combustible  floors,  partitions,  roofs  and  finish. 

Tvp€  D.— A  building  with  masonry  walls,  but  otherwise  ordinary  or  joist  construction  and  wood  finish. 

Tvp9  £.— A  frame  building  constructed  with  wood  above  foundation  with  or  without  slate  or  other  semifire- 
proof  material  on  roof. 

NoU:  Should  buildings  of  any  of  the  above  classifications  be  erected  without  complete  ventilating  systems 
or  other  mechanical  equipment,  due  note  should  be  made  of  such  fact  in  reporting  its  cost  data. 

Coti  Unitt 

To  determine  educational  utility  of  the  building,  obtain  the  eoH  ptr  pupU. 

To  determine  construction  cost  of  building,  obtain  the  coat  ptr  cubic  foot. 

The  divisor  to  be  used  to  determine  the  cott  per  pupils  shall  be  determined  by  the  number  of  pupils  normally 
accommodated  in  rooms  designed  for  classes  only.  In  arriving  at  the  number  of  pupils,  special  rooms  are  to  be 
figured  at  the  actual  number  of  pupils  accommodated  for  one  class  period  only.  Auditorium  or  assembly  rooms  are 
to  be  ignored,,  but  gymnasiums  may  be  figured  for  one  or  two  classes,  as  the  accommodation  may  provide.  No 
gymnasium,  however,  shall  be  accredited  with  two  classes,  if  below  40  X  70  ft.  in  sise. 

Cott  per  Cubic  Foot. — To  obtain  the  cube  of  a  school  building,  multiply  the  area  of  the  outside  of  the  building 
at  the  first  floor  level  by  the  height  of  the  building  from  6  inches  below  the  general  basement  floor  to  the  mean 
height  of  the  roof.  Parapet  walls,  stacks  and  other  projections  beyond  the  mean  height  of  the  roof,  as  well  as 
balconies  and  porches  not  contributing  to  the  actual  usable  floor  of  the  building,  are  to  be  ignored. 

Where  xxvtions  of  the  building  are  built  to  different  heights,  each  portion  is  to  be  taken  as  an  individual  unit 
and  the  rule  as  above  applied. 

Cost  Items 

The  cost  of  school  buildings  shall  be  divided  into  four  general  items: 

First. — Cost  of  land  and  grading. 

Second. — Cost  of  Duilding  construction. 

Third. — Cost  of  furniture  and  fixed  equipment. 

Fourth.— Cont  of  architects',  engineers',  brokers'  and  supervision  services. 

First. — Cost  of  land  and  grading  should  include  the  cost  of  the  site  and  the  necessary  grading  to  place  it  in  con- 
dition to  receive  the  building.  Should  the  site  be  abnormal  and  require  piling,  filling,  quarrying,  or  other  unusual 
expenditures  to  place  it  in  normal  condition  to  receive  the  building,  such  costs  are  also  to  be  charged  up  against  the 
site  and  not  the  building. 

Second. — Coat  of  building  should  include  (a)  general  contract  and  any  sub-contracts  pertaining  to  the  general 
construction  of  the  building,  as,  for  example,  excavating,  masonry,  fireproofing,  steel  construction,  carpentry, 
cabinet  work,  sheet  metal  work,  roofing,  painting,  etc. 

(h)  All  contracts  for  electrical  work,  plumbing,  vacuum  cleaning,  sewage  disposifl,  heating  and  ventilating, 
clock  systems,  blackboards,  elevators,  or  any  other  contract  for  any  part  of  the  building  not  included  above,  neoea- 
sary  to  complete  the  same,  ready  for  occupancy. 

(c)  The  cost  of  all  site  improvements,  such  as  walks,  drives,  yard  paving,  fencing,  and  landscai>e  gardening. 

Third. — Cost  of  furniture  and  fixed  equipment:  (a)  Should  include  cost  of  all  portable  furniture  and  cabinets;  all 
laboratory  and  shop  equipment;  and  all  other  equipment  which  would  not  be  classified  as  "Educational  Supplies." 

(6)  All  decorations,  including  special  painting  or  decoration  of  any  kind  that  may  not  be  included  in  the  gen- 
eral painting  contract.  Hangings,  rugs,  pictures,  casts,  and  other  forms  of  decorations  furnished  at  the  time  of 
the  occupancy  of  the  building  whicb  are  not  classified  as  "Educational  Supplies." 

Fourth.-^Coat  of  architects'^  engineers*,  brokers*  and  supervision  services  should  include  the  cost  of  all  plans  and 
specifications,  architects',  engineers',  landscape  gardening  and  supervision  and  all  other  eifperiB*  services  and 
expenses. 

48.  Orientation  of  Btiilding. — In  cities  where  ground  space  is  limited  and  streets  laid  out, 
it  is  already  settled  which  way  the  building  will  face*  In  rural  sections  and  on  large  sites  more 
choice  is  possible.  It  is  generally  agreed  that  where  possible  all  rooms  should  have  sunshine 
some  time  during  the  day.  This  can  best  be  done  if  the  building  is  faced  midway  between  the 
cardinal  points.  Otherwise,  the  majority  of  the  rooms  should  face  either  east  or  west.  Southern 
exposured  is  objectionable  because  the  curtains  have  to  be  lowered  most  of  the  day;  this  re- 
duces the  light  to  considerable  extent  and  is  otherwise  annoying.  Sunshine  b  not  objectionable 
in  laboratories,  in  fact  is  quite  desirable;  bilateral  light  in  these  rooms  is  also  satisfactory.  The 
pupils  move  around  in  various  positions  and  are  not  confined  to  one  spot,  as  in  a  class  room. 
This  free  movement  of  the  pupils  in  laboratories  and  shops  permits  them  to  adjust  the  light 
to  the  work  they  are  doing  and  under  these  circumstances  there  is  no  objection  to  bilateral 
lighting. 

•  40.  Class  Rooms. — The  unit  of  the  school  is  the  class  room  and  the  building  is  built  prima- 
rily to  accommodate  these  rooms.  Laws  of  different  states  vary  as  to  the  number  of  squaref  eet 
and  cubic  feet  to  be  allowed  per  pupil  in  class  rooms.  In  Pennsylvania  and  New  York  it  is  15 
sq.  ft.  of  floor  space  and  200  cu.  ft.  of  air  space  per  pupil.    In  New  Jersey  it  is  18  sq.  ft.  floor 
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space  and  200  cu.  ft.  air  space.  In  Ohio,  16  sq.  ft.  and  200  cu.  ft.  for  primary  grades,  18  sq.  ft. 
and  225  cu.  ft.  for  intermediate  grades,  and  20  sq.  ft.  and  250  cu.  ft.  for  high  schools.  In  grade 
schools  40  to  42  pupils  are  usually  accommodated  in  a  standard  class  room  while  in  a  high 
school  30  to  35  pupils  is  the  custom.  The  minimum  height  of  class  rooms  is  usually  placed 
at  12  ft.  In  New  York  State,  13H  ^t.  is  the  minimum  and  is  arrived  at  by  dividing  15  sq.  ft.  per 
pupil  into  the  required  200  cu.  ft.  per  pupil  which  gives  a  result  of  133^  ft.  Sizes  of  class  rooms 
vary  slightly,  a  room  24  X  30  ft.  acconunodating  40 pupils  in  New  Jersey.  A  standard  class  room 
in  New  York  City  is  24  X  28  ft.,  in  Pittsburgh,  24  X  32  ft.  6  in;  in  Boston,  23  X  29  ft.  for 
lower  and  upper  elementary  grades  and  26  X  32  ft.  for  junior  high  schools.  Recitation  rooms 
in  Boston  are  made  16  X  26  ft.,  or  one-half  a  class  room.  It  would  seem  that  24  ft.  is  the  maxi- 
mum width  that  can  be  recommended  for  a  class  room,  while  22  or  23  ft.  is  a  more  desirable 
width. 

Where  wood  joiata  are  used  in  floor  construction,  economy  dictates  it  should  be  planned  so  the  stock  lengtha 
of  22,  24,  or  26-ft.  timbers  can  be  used.  A  maximum  length  for  a  class  room  of  not  over  34  ft.  is  good  practice.  In 
rooms  longer  than  this  the  teacher's  voice  reaches  the  last  rows  with  difficulty,  and  scholars  have  trouble  in  reading 
work  placed  on  front  blackboards. 

Unilateral  or  lighting  from  windows  only  on  the  long  side  of  the  room  on  the  left  side  of  the  pupil  is  the  best 
practice,  and  is  insisted  upon  in  most  states  where  there  are  any  requirements  at  all.  Under  certain  conditions 
bilateral  ligl^jbing  is  permitted,  with  a  minimum  of  light  in  rear  of  room  at  back  of  pupils.  Light  should  never  be 
admitted  through  windows  in  front  of  rooms,  with  children  facing  it.  In  kindergartens,  shops,  playrooms,  gym- 
nasiums, laboratories,  bilateral  lighting  is  permitted.  Window  heads  should  be  kept  cl^e  to  ceiling  so  as  to 
project  the  light  as  far  across  the  room  as  possible;  it  is  a  good  rule  that  the  width  of  the  room  shall  not  exceed 
1>2  to  twice  the  distance  from  floor  to  head  of  window.  The  net  glass  area,  after  deducting  all  area  occupied  by 
frame,  sash,  muntins,  etc.,  should  not  be  less  than  20  %  of  the  floor  area  of  the  space  which  it  illuminates. 

Blackboards  of  slate  K  in*  thick  should  be  installed  on  all  available  wall  surfaces.  In  primary  grades  th« 
chalk  trough  is  placed  26  in.  above  the  floor;  in  intermediate  grades  30  in.;  and  in  high  schools  33  in.  Slate  black- 
boards come  in  stock  widths  of  3  ft.  6  in.,  4  ft.,  and  4  ft.  6  in.  Boards  4  ft.  wide  are  to  be  preferred.  Near  front  end 
of  room  a  bulletin  board  should  be  installed  in  same  frame  as  the  blackboard.  This  is  usually  made  of  cork  so 
exhibits  and  notices  can  be  pinned  to  them — sise  of  panel  about  4  ft.  high  by  3  to  5  ft.  long. 

Window  openings  on  inside  should  have  trim'omitted  and  plaster  returned  into  jambs  and  heads.  Plain  wood 
sill  and  aprons  are  generally  used,  but  slate  or  bull-nosed  glased  brick  sills  are  very  desirable  so  growing  plants  can 
be  placed  in  windows,  or  windows  left  open  and  no  varnished  woodwork  to  be  repainted  when  damaged  by  water. 

Floors  should  be  of  maple,  rift  sawn  yellow  pine,  or  other  good  hard  wood  depending  upon  local  conditions — 
plain  wood  base  about  7  in.  high,  with  quarter-round  molding  top  and  bottom.  If  glased  brick  or  slate  base  can  be 
afforded,  it  is  desirable  on  account  of  washing  compounds  used  on  floors  which  eat  off  the  varnish  of  the  wood  base. 

A  minimum  amount  of  plain  wood  trim  should  be  used,  either  of  oak,  chestnut,  or  similar  hardwood  depending 
upon  locality.  Picture  molding  should  be  used  in  all  rooms  and  corridors.  Combined  bookcase  and  stationery 
closet  is  required  in  each  class  room,  also  steel  or  wood  lockers  for  teachers'  wraps.  Special  color  finishes  on  wood- 
work are  to  be  discouraged.  The  raw  wood  should  be  stained  slightly  to  make  it  approximate  the  color  of  "  golden 
oak. "  This  permits  furniture  of  standard  shade  to  be  purchased  and  match  wood  trim  of  room  and  also  avoids 
trouble  later  on  when  any  additional  furniture  is  needed  in  matching  same  with  the  special  color  of  the  finish  in  the 
room.  Plaster  walls  and  ceilings  should  have  a  smooth  finish;  sand  finished  surfaces  are  not  desirable  for  sanitary 
reasons.     Painting  of  walls  should  be  included  in  the  building  contract. 

One  door  to  corridor  at  teacher's  end  of  the  room  where  it  is  under  control  is  sufficient.  ^  Doors  should  be  3  ft. 
2  in.  to  3  ft.  6  in.  wide  and  7  ft.  high  with  small  clear  glased  panel  in  upper  part.  Door  should  open  out  from  class 
room  into  corridor.     Transoms  are  seldom  used. 

80.  Wardrobes. — ^Provision  has  to  be  made  to  take  care  of  pupils'  clothing  and  a  distinction  is  usually 
made  between  wardrobes  and  cloak  rooms.  A  wardrobe  is  a  shallow  closet  and  a  part  of  the  room,  while  a 
cloak  room  is  a  separate  room  about  5  to  6  ft.  wide  located  at  one  end  of  the  class  room.  Cloak  rooms  have 
been  preferred  up  to  recent  years  when  economy  has  encouraged  the  use  of  the  wardrobe  scheme.  A  saving  in 
length  of  a  class  room  unit  of  about  4  ft.  is  accomplished  in  the  use  of  wardrobes,  as  these  occupy  a  width  of 
2  ft.  against  5H  to  6  ft.  for  cloak  rooms.  This  amounts  to  quite  an  appreciable  saving  in  a  building  4  or  6 
class  rooms  in  length.    In  either  the  wardrobe  or  cloak  room  scheme,  thorough«ventilation  should  be  provided. 

81.  Corridors. — Width. — Minimum  8  ft.  where  serving  4  class  rooms,  10  to  12  ft.  wide  where  more  class  rooms 
are  taken  care  of.  Width  of  corridor  increases  in  proportion  to  its  length  and  distance\>etween  staircases.  Where 
staircases  occur  at  ends  of  corridor,  10  ft.  is  the  minimum  width.  Some  authorities  recommend  extremely  wide 
corridors  up  to  14  to  16  ft.  Tnere  is  no  objection  to  this,  in  fact,  it  is  desirable  if  it  can  be  afforded.  A  compro- 
mise plan  is  to  make  the  side  corridors  the  minimum  width,  with  a  front  corridor  12  or  14  ft.  wide  that  can  be  used 
for  various  purposes,  such  as  exhibition  space,  reception  hall,  etc.  High  school  corridors  should  be  wider  than  thcte 
in  grade  schools,  so  as  to  afford  proper  room  for  circulation,  as  the  high  school  classes  change  and  pupils  move  in 
different  directions  every  40  minutes. 

Light. — Direct  outside  light  and  air  desirable,  at  least  enough  so  that  no  artificial  light  will  be  required  under 
ordinary  conditions. 
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Floort .— M«y  be  wood,  Mphalt>  oement.  terrsiso,  tile,  heavy  linoleum  glued  down,  oompotltion,  or  Any  mate- 
rial that  will  withstand  heavy,  wear,  and  that  ia  non-elipping,  noieeleea,  and  sanitary. 

Waintcoting. — The  lower  part  of  plaster  walls  gets  excessively  heavy  wear,  a  protective  wainscoting  of  some 
kind  is  desirable,  may  be  glased  brick  or  tile,  or  the  cement  or  composition  floor  continued  up  the  side  walls.  Fabric 
glued  to  the  walls  is  not  satisfactory  on  account  of  tendency  to  peel  up  at  joints.  Wood  should  not  be  used  on  ac- 
count of  fire  hasard. 

51.  Stairways. — Location. — Should  be  properly  distributed  in  order  to  serve  equally  all  parts  of  building. 
Where  located  at  ends  of  corridors,  have  the  advantage  of  being -always  in  sight  and  saving  space  in  building. 

Number. — Laws  of  different  states  vary.  Two  staircases  are  sufficient  when  there  is  not  more  than  8  class 
rooms  on  second  and  third  floors.  Building  with  0  or  more  rooms  on  upper  floors  should  have  3  or  more  staircases 
depending  upon  sise  of  building.  Another  rule  is  sufficient  stairs  to  empty  building  within  3  min.,  counting 
that  120  pupils  can  pass  a  given  point  two  abreast  in  1  min. 

Width,-— Should  be  sufficient  for  two  pupils  walking  side  by  side,  but  too  narrow  for  three.  Ordinarily  4  to  5 
ft.  wide  for  each  run.  Wider  stairs  should  be  at  least  8  ft.  wide  for  each  run  with  hand  rail  down  center  made 
continuous  around  landings. 

ConttnAction. — Should  theifiselves  be  fireproof  if  possible,  even  in  frame  buildings,  and  always  endoeed  in  fire- 
proof walls  with  smoke  screens  separating  them  from  the  corridor.  May  be  iron  with  slate  or  other  treads,  or  re- 
inforced concrete  with  iron  safety  treads.  High  balustrades  at  center  between  runs,  open  if  iron  or  solid  if  concrete. 
Hand  rails  both  sides  of  all  runs.  Stairs  should  have  two  runs  to  each  story,  with  landing  in  center  and  one  flight 
returning  on  the  other.  Rise  of  steps  should  be  6  to  7  in.  No  winders  permitted.  Where  bosrs'  and  girls'  toilets 
are  located  in  basement,  two  staircases  shall  extend  to  basement.  No  closets  f  <»*  storage  purposes  permitted  under 
stairs.  Where  small  differences  in  levels  occur  between  different  portions  of  building,  an  inclined  plane  or  ramp 
should  be  used  instead  of  a  few  steps.  At  bottom  of  stairs  should  be  a  vestibule  between  it  and  the  outside  air. 
Vestibule  provided  with  heat  to  prevent  cold  outside  air  from  coming  directly  into  staircase  enclosure  and  making 
the  temperature  in  same  appreciably  different  from  the  temperature  in  corridor.  Other  special  types  of  stair- 
cases are  used,  such  as  the  duplex  stairs  in  New  York  City,  and  the  smoke  proof  factory  tower  \ised  in  Philadelphia. 

6S«  Toilet  Rooms. — Location. — In  grade  schools,  principally  on  lower  floor  accessible  from  indoor  playroom  and 
outdoor  playgrounds.  Also  desirable  to  have  minor  emergency  toilets  on  upper  floors.  In  high  schools  where 
classes  change  every  40  min.,  toilets  are  best  distributed  throughout  the  building,  where  they  are  easily  accessible 
when  classes  change. 

Number  of  FixtureB. — Opinions  differ  as  to  correct  number  of  fixtures  for  a  given  number  of  pupils.  The  ten- 
dency is  to  install  too  many  fixtures,  rather  than  too  few,  with  a  corresponding  waste  of  money.  Good  practice 
seems  to  dictate  one  W.  C.  to  each  25  hoyB  and  one  urinal  to  every  26  bosrs.  For  girls,  one  W.  C.  to  every  25. 
Two  or  three  lavatories  for  each  toilet  room  depending  upon  the  sise. 

Type  of  Fixture. — Water  closets  should  be  seat  action,  and  as  near  "fool  proof"  as  possible.  Open  front  seats 
recommended.  Individual  porcelain  urinals  preferred  to  slate  or  soapstone.  Urinal  flushed  automatically  from 
tank,  and  turned  off  at  night.     Continuous  range  water  closet  and  trough  urinals  should  not  be  used. 

Floors. — Some  nonabsorbent  materials  such  as  cement,  asphalt,  or  tile.  Also  desirable  to  wainscot  room,  with 
brick,  tile,  or  cement. 

Lighting. — Plenty  of  light  and  air  are  essential  and  more  important  than  in  many  other  rooms. 
M.  Kindergartens. — Location. — On  lowest  class  room  story,  corner  room  with  southern  exposure  preferred, 
bilateral  lighting  permitted. 

Sise. — Larger  than  a  regular  class  room  and  equal  to  an  area  of  1000  to  1500  sq.  ft.  Often  arranged  so  it  can 
be  divided  into  several  smaller  rooms  with  folding  doors  so  class  can  be  separated  into  small  units. 

Design  and  SqMipment. — Usually  made  more  attractive  than  a  class  room,-  walls  paneled  with  high  wainscot, 
plaster  walls  above  painted  and  stenciled  and  often  decorated  with  nursery  scenes.  Fireplace  sometimes  installed 
at  one  end  of  room.  Plaster  casts  and  pictures  of  juvenile  subjects  hung  on  walls.  Flower  boxes  placed  in  windows. 
To  give  greater  area  to  room,  a  bay  window  is  often  installed,  in  which  is  located  a  low  down  window  seat.  A  sepa- 
rate entrance  is  desirable,  as  the  kindergarten  should  be  a  separate  unit  in  itself  so  that  the  small  children  have  no 
reason  to  go  into  the  main  part  of  building,  either  for  entrance,  dismissal,  or  otherwise.  It  should  have  its  own 
wardrobe  and  toUet  room  fitted  up  with  juvenile  sise  fixtures,  also  wardrobe  space  for  two  or  three  teachers.  A 
drinking  fountain,  set  down  low  so  it  can  easily  be  reached,  should  be  located  in  room.  Plenty  of  storage  space  in 
closets  or  lookers  should  be  provided  for  toys  and  material.  Little  blackboard  space  is  necessary,  but  cork  display 
boards  for  tacking  up  exhibits  should  be  plentiful. 

55*  Oymnasioms. — Many  states  have  enacted  physical  training  and  military  training  laws  and  are  requiring 
instructions  in  same  as  part  of  the  course  of  study  in  the  school.  This  makes  necessary  large  gymnasiums  and  play- 
grounds for  drill  and  exerdse  purposes. 

Location. — The  gymnasium  can  be  located  either  on  the  ground  floor  or  upper  story;  the  ground  floor  having 
the  preference,  because  it  has  direct  access  to  the  playground,  and  can  also  be  used  more  conveniently  at  night  for 
oommunity  purposes. 

8x90, — In  high  schools  it  should  be  large  enou^  to  be  used  by  the  community  at  night  for  playing  basketball. 
The  minimum  sise  of  a  basketball  oourt  is  35  X  00  ft  while  the  maximum  sise  is  50  X  90  ft.  At  least  3  ft.  should 
be  allowed  on  all  sides  of  the  court.  U  companies  of  pupils  drill  in  the  gymnasiimi,  it  should  be  at  least  50  X  70 
ft  in  sise  or  larger.  In  high  schools  of  800  or  more  pupils,  one  gymnasium  is  not  sufficient  to  take  care  of  all 
classes.  In  this  case,  economy  can  be  effected  by  providing  an  additional  exercise  room.  This  room  can  be  the 
area  of  about  two  class  rooms  and  can  be  used  efficiently  for  all  ordinary  piu*poses.  The  large  gsrmnasium  can  be 
used  by  the  boys  and  girls  alternately,  or  at  such  times  as  they  have  basketball  games  or  other  special  exercises. 
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Bg:uipfnenL-^'ln  tiie  larger  gynmaaiums,  runnjng  tracks  are  Bometimee  installed,  but  the  tendency  is  to  do  all 
the  running  possible  in  the  open  air.     Galleries  are  provided  for  spectators  to  watch  the  interscholastic  games. 

Height. — The  height  of  the  room  should  not  be  lees  than  18  ft.  nor  more  than  25  ft.  If  lower  than  18  ft.,  there  is 
not  Btifficient  swing  for  the  flying  rings.  If  higher  than  25  ft.,  the  supports  for  these  rings  must  be  hong  down  to  this 
leveL 

Floor.-^A  maple  wood  floor  is  practically  always  installed  in  a  gymnasium.  * 

Miner  Rooms. — Off  the  gymnasium  shoidd  be  located  the  Physical  Director's  office  and  also  the  boys'  and 
girls'  locker  rooms,  toilets,  and  shower  rooms.  A  drinking  fountain  should  be  installed  to  avoid  the  necessity  of 
pupils  going  out  of  the  room  for  water.  A  room  should  be  provided  to  stwe  apparatus  when  it  is  desired  to 
dear  the  floor  for  basket  ball,  a  dance,  or  other  purposes. 

M*  Swimming  Pools. — The  importance  of  everyone  knowing  how  to  swim  is  becoming  more  and  more  realised 
as  time  goes  on  and  made  part  of  the  high  school  curriculum.  It  is  only  the  high  cost  of  installation  and  mainte- 
nance that  prevents  the  more  universal  use  of  this  item  of  education. 

Location. — On  lower  floor. 

Construction. — Should  be  built  in  the  most  sanitary  way,  using  impervious  tilA  or  glased  brick.  It  takes  con- 
stant care  and  attention  to  keep  a  swimming  pool  sanitary  under  the  best  conditions,  so  that  pools  built  of  cement 
or  any  absorbent  material  should  be  avoided. 

Site. — The  length  of  the  pool  should  be  45,  60,  or  75  ft.,  or  in  any  case  a  multiple  of  3  ft.,  as  swimming  contests 
are  always  measured  by  yards.  The  pool  need  not  be  very  wide,  especially  for  beginners,  who  are  more  easily 
reached  in  case  of  need  in  a  narrow  pool,  the  width  being  usually  from  20  to  25  ft.  The  desirable  sise  pool  for  a 
high  school  is  at  least  20  X  60  ft.  The  depth  of  the  pool  at  the  shallow  end  averages  3  ft.  6  in.,  while  at  the  deep 
end  about  8  ft. 

Minor  Roome. — In  connection  with  the  pool  should  be  the  locker  and  dressing  rooms  with  their  shower  baths, 
toilets,  towel  supply  room  equipped  with  laundry  tubs. 

Temperature^  Lights  Etc. — The  pool  room  should  have  plenty  of  natural  light  and  ventilation  and  should  be 
kept  warmer  than  the  ordinary  class  room.  It  must  be  remembered  that  many  of  the  children  using  the  pool  are 
undernourished,  and  the  temperature  of  the  water  should  average  around  74  to  76  deg.  or  more  to  avoid  discomfort. 

Eq^ipment. — The  pool  must  be  equipped  with  heater  to  keep  the  water  in  the  pool  at  the  proper  temperature, 
a  pump  to  circulate  the  water,  and  a  filter  and  steriliser  to  purify  the  water.  As  the  pool  has  a  capacity  of  50,000 
to  60,000  gal.,  it  necessarily  cannot  be  emptied  except  occasionally:  the  average  seems  to  be  once  per  week  where 
the  pool  is  being  used  to  any  great  extent.  It  usually  takes  about  24  hr.  to  fill  the  pool  and  to  bring  the  water  up 
to  the  proper  temperative. 

57.  Library. — It  should  be  decided  whether  the  library  is  to  be  for  the  school  only,  or  a  circulating  library  run 
in  codperation  with  the  central  public  library  serving  a  community  purpose. 

Location. — If  for  the  school  only,  it  can  best  be  located  at  some  central  point  in  the  building  near  Stud^  Hall. 
If  for  community  purposes,  it  must  be  located  on  the  ground  floor  near  an  entrance,  as  to  be  of  the  most  use,  it 
will  have  to  be  open  at  times  when  the  school  is  closed. 

Site. — The  tendency  is  to  give  more  space  to  the  library  and  to  require  the  pupil  to  get  familiar  with  its  proper 
use.  Not  less  than  1000  to  2000  sq.  ft.,  depending  upon  sise  of  school  and  number  of  books  in  library.  An  atten- 
dant is  always  at  hand  to  give  assistance  and  very  often  a  stock  room  and  work  room  are  also  included. 

Squipment. — Bookcases,  reading  tables,  and  chairs,  magaxine  racks,  card  catalogs,  librarian's  desk.  The 
roomi  should  be  made  attractive  and  given  a  library  atmosphere. 

88.  Auditorium. — Location. — It  should  be  centrally  located  and  made  accessible  not  only  to  the  pupils,  but  to 
the  general  public. 

Site. — In  high  schools  it  should  accommodate  the  entire  student  body  at  one  sitting,  while  in  grade  schools  it 
may  or  may  not  accommodate  the  entire  school,  often  H  to  H  of  the  pupils  will  be  sufficient,  as  the  younger  pupils 
are  not  usually  brought  into  the  auditorium  at  the  same  time  as  the  older  ones. 

The  seating  capacity  may  be  determined  by  dividing  the  area  of  the  room  in  square  feet,  not  including  the 
stage,  by  QH  sq.  ft.  for  each  person,  which  includes  the  necessary  aisles.  Seates  are  usually  19  or  20  in.  wide  and 
spaced  at  least  30  in.  back  to  back.  Width  of  center  aisles  are  3  ft.  at  their  narrowest  part  and  increased  towards 
rear  at  the  rate  of  IM  in-  for  every  6  ft.  in  length,  bide  aisles  2  ft.  6  in.  wide  at  narrowest  part,  increasing  ^  in. 
to  every  5  ft. 

Equipment. — Provision  should  be  made  for  stage  curtain  and  scenery  for  school  and  community  plays.  The 
stage  should  be  liberal  in  sise  to  take  care  of  large  graduating  classes,  community  chorus,  or  orchestra,  and  should 
be  accessible  from  the  rear  for  the  speakers  and  players  without  the  necessity  of  their  passing  through  the  audience. 
An  electric  plug  should  be  installed  for  stereopticon  and  moving  pictive  lantern,  a  moving  picture  booth  and  a 
stereoptioon  ciu-tain.     Arrangements  should  be  made  for  darkening  the  auditorium  in  the  daytime. 

Where  the  auditorium  is  used  for  study,  lectiure,  or  recitation  purposes,  several  rows  of  seats  in  front  should 
be  provided  with  folding  tablet  arms  so  pupils  can  take  notes  or  write.  Every  other  seat  should  be  thus  equipped, 
leaving  the  intermediate  seats  for  the  pupils*  books,  etc. 

Where  the  corridor  extends  along  either  side  of  the  auditorium,  openings  can  be  cut  through  the  wall  and  serve 
as  an  overflow  space  for  the  audience  during  commencement  and  other  times.  These  openings  should  be  closed 
with  obscure  glass  windows  so  that  the  auditorium  can  be  used  and  view  from  corridors  cut  ofT  when  desired. 

89.  Chemical  Laboratory. — Location. — Usually  on  top  floor,  corner  room,  bilateral  lighting. 
Size. — Area  of  1200  to  1500  sq.  ft.  for  large  schools. 

Equipment. — Three  long  chemistry  tables  accommodating  f otir  pupils  on  each  side,  or  total  of  24  pupils.  Fume 
hoods  with  special  ventilation,  and  chemical  storage  closets  against  walls.     Gas  and  wat^  connection  at  tables  for 
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each  pupil,  also  sinks  at  ends  of  table  and  against  walls.  Electric  connection  to  each  table.  Blackboard  and  cork 
display  board. 

In  connection  with  chemical  laboratory  should  be  a  small  instructor's  office,  a  chemical  stock  room,  and  a  jwep- 
•ration  room. 

•Ou  Physical  Laboratory. — Location. — Usually  top  floor  and  adjoining  chemical  laboratory. 

Site. — 1200  to  1500  sq.  ft.  for  large  schools. 

EquipmenL — Six  physical  laboratory  tables  accommodating  two  pupils  on  each  side,  total  of  24  pupils.  Elec- 
tric and  gas  connections  at  table  for  each  pupil.  Provision  for  different  kinds  and  voltage  oi  electricity  at  each  table 
usually  obtained  through  motor  generator  set,  and  switchboard  with  proper  instruments.  Closets  for  instruments 
and  equipment. 

A  store  room  for  apparatus,  a  preparation  room,  and  a  photogri^phic  dark  room  equipped  with  sink,  should 
adjoin  and  be  part  of  the  physical  laboratory. 

•1.  Combined  Physical  and  Chemical  Laboratories. — In  schools  where  classes  are  small  it  is  possible  to  com- 
bine the  physical  and  chemical  laboratories  by  equipping  with  combination  furniture.  At  one  end  of  room  can  also 
be  placed  an  instructor's  demonstrating  table  with  tablet  arm  chairs  in  front  of  same,  thus  eliminating  the  science 
lecture  room.  • 

•t*  Science  Lecture  Room.-— Loeoiion. — Adjoining  or  between  chemical  and  physical  laboratories. 

Site. — Depending  upon  number  of  pupils  in  science  department,  usually  large  enough  to  seat  two  classes. 

Equipment. — Tablet  arm  chairs  on  raised  platforms,  instructor's  demonstrating  table  in  front  of  room,  with 
water,  gas,  and  electric  connections,  fume  hoods,  stock  cabinet  and  blackboard  back  of  demonstrating  table, 
steropticon  elecUic  outlet  and  stereopticon  screen,  also  provision  for  darkening  room  in  daytime. 

68*  Biological  Laboratory. — Location. — Adjoining  other  laboratories  on  upper  floors  unilateral  or  bilateral 
lighting  with  one  side  southern  ezpoeure  if  poesible. 

Size. — Area  of  about  1200  to  1500  sq.  ft.  and  accommodating  24  pupib. 

Equipment. — Flat  top  tables  and  chairs,  large  soapstone  sink,  aquarium,  exhibition  and  storage  oases,  in- 
structor's demonstrating  table  in  front  of  room.  If  school  has  a  conservatory,  it  is  located  in  connection  with  this 
laboratory. 

64.  Bookkeeping  Room. — Location. — No  special  requirements. 

Site. — Equal  in  area  to  1200  sq.  ft.  or  more,  depending  upon  number  of  pupils  to  be  accommodated. 
Equipment. — Individual  bookkeeping  or  commercial  desks  for  eaph  pupil,  store  closets  for  stationery,  school 
bank  enclosure  located  at  one  end  of  room. 

65.  Typewriting  Room. — Location. — Connecting  with  bookkeeping  room. 
Site. — About  same  sise  as  bookkeeping  room. 

Equipment. — Individual  typewriting  deek  for  each  pupil,  cases  or  closets  for  storing  stationery,  wash  basin  for 
washing  up  after  changing  typewriter  ribbon  or  cleaning  machine. 

•6.  Stenography  Room. — Loc<Uion. — Between  and  connecting  with  bookkeeping  and  typewriting  rooms. 

Site. — Same  as  a  recitation  room,  or  one-half  to  two-thirds  of  a  class  room  unit. 

Equipment. — Tablet  arm  chairs  for  pupils.  Clear  glass  partition  between  this  room  and  typewriting  room  so 
teacher  can  teach  class  in  stenography  and  at  same  timo  supervise  pupils  practicing^on  typewriters.  Commercial 
arithmetic,  business  law  and  customs,  etc.,  also  taught  in  this  room. 

67.  Cooking  Room. — Location. — Upper  floors  preferred  although  often  placed  in  basement.  Southern  ex- 
posure.    May  have  bilateral  lighting  if  a  corner  room. 

(Si«e.-^May  consbt  of  one  room  where  all  grades  are  taught,  or  two  rooms — one  for  elementary  cooking  and 
one  for  advanced  work,  usually  accommodates  24  pupils  at  one  time  and  should  not  be  less  in  area  than  1200  to 
1500  sq.  ft. 

Equipment.'— F\a,t  tables  with  small  individual  gas  stoves  on  top,  or  family  size  gas  ranges,  sinks,  tables  and 
cupboards  when  operated  on  the  "unit"  plan.  Wardrobe  for  keeping  pupils'  caps  and  aprons,  dressers,  sinks,  ice 
box,  hot  and  cold  water  supply,  pair  of  laundry  tubs  for  washing  out  tea  towels,  etc.,  also  storage  closet.  Special 
attention  given  to  ventilation  of  room. 

68.  Model  Apartment. — Location. — Connection  with  cooking  room. 

Sue.— May  consist  of  only  a  dining  room  or  in  more  elaborate  building,  a  complete  apartment  consisting  of 
bed  room,  bath  room,  kitchen,  and  living  room.  Should  be  of  similar  sisee  and  arrangement  to  rooms  found  in 
pupils'  homes. 

Equipment. — Furnished  complete  same  as  rooms  in  private  dwelling. 

•9.  Sewing  Room. — Location. — Preferably  adjacent  to  cooking  room. 
,  Site. — Equal  in  area  to  1200  or  1500  sq.  ft.  depending  on  number  of  pupils. 

Equipment. — Flat  top  sewing  and  cutting  tables,  usually  accommodating  24  pupils;  sewing  machines,  wash 
basin,  pressing  tables  and  electric  irons,  cabinet  with  individual  drawers  for  pupib'  unfinished  work.  Curtained 
off  alcove,  or  small  room  to  be  used  as  a  Fitting  Room. 

70.  Laundry. — Location. — In  connection  with  other  rooms  oi  household  arts  department. 
i8tM.—- Equal  in  area  to  750  to  1200  sq.  ft. 

Equipment. — ^Laundry  tubs,  steam  clothes  drier,  ironing  board,  and  electric  irons. 

71.  Lunch  Room  and  Kitchen. — Location. — May  be  in  basement  or  upper  floor  adjoining  household  arts 
department. 

Siu. — Depends  on  number  <^  pupils  to  be  accommodated  at  one  time.     Allow  10  sq.  ft.  per  sitting  in  lunch 

room. 

Equipment, — Operated  on  "  Cafeteria "  or  "  Self-service  "  plan.     Flat  top  lunch  tables  seating  4  to  8  each,  serv- 
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ing  counter  at  one  end  of  roo'm.     Kitchen  in  connection  with  this  room  to  be  of  aixe  and  equipment  sufficient  to- 
take  care  of  number  of  meals  served. 

TS.  Study  Rooms. — Purpot. — Occurring  in  high  schools  which  are  run  on  departmental  plan  and  are  to  accom> 
modate  pupils  having  no  recitation  during  a  certain  period  and  whose  home  class  room  is  occupied  by  another  class 
at  recitation. 

Loeotton.^-Central  and  easily  accessible  from  all  parts  of  building. 

iStse.— Aooommodating  35  to  100  or  more  pupils  depending  upon  sise  of  schooL 

S^iprMfU. — Pupils'  desks  like  those  used  in  standard  class  rooms. 

TS.  Mtttic  Dopartment. — Location. — Should  be  isolated  so  noise  of  practising  will  not  disturb  pupils  at  recita- 
tion or  study. 

Sim. — May  be  several  rooms,  for  choral  work,  orchestra,  band,  vrith  several  practice  rooms,  depending  on  how 
comprehensive  a  music  course  has  been  developed. 

^guipmsn^.— Ordinary  class  room  with  chairs  and  music  racks,  blackboard  for  writing  music,  piano,  and  storage 
eases  for  music  and  instriunents. 

74.  Bicycle  Room. — Location.— On  lower  floor  with  incline  leading  to  entrance  door  from  outside,  near  locker 
rooms  if  soeh  are  included  in  building  plan. 

5»S0.— Depends  upon  probable  number  of  bicycles  used  by  pupils. 

BquipmenL — Racks  against  wall  and  elsewhere  in  order  to  accommodate  as  many  bicycles  as  possible. 

71.  Store  and  Book  Rooms. — ^Loea<i<m.— Within  easy  access  of  Principars  office,  stock  closet  in  Principal's 
office  for  day  to  day  supply,  while  store  and  book  room  accommodates  bulk  supplies. 

7%,  Teachen*  Rooms. — Location. — Easily  accessible.  « 

5i2«— About  one-half  a  class  room  in  area. 

i?9u{]niien<.~-Comfortable,  furnished  like  a  sitting  room,  with  table,  chairs,  rug,  couch,  etc.,  also  toilet  room 
eonneoted.  Qas  outlet  for  stove,  dresser  for  dishes,  and  provision  make  so  teachers  can  have  warm  lunch.  In- 
dividual steel  lockers  for  teachers*  cloaks,  unless  provision  is  made  to  care  for  same  in  class  room. 

77.  Medical  Inspection  Room. — LocBJtion. — Adjoining  or  near  Principal's  office. 
3ii9.    Area  of  about  300  sq.  ft.  divided  into  waiting  room  and  office. 

Eqyijimenl. — Flat  top  desk,  chairs,  scales,  wash  basin,  toilet,  first  aid  cabinet,  and  small  stock  closet.  Walb 
and  woodwork,  enamel,  painted  white. 

78.  Dental  Clinic  Room. — Location. — Near  medical  inspection  room  and  near  minor  entrance  to  building  if 
used  by  pupils  from  other  schools. 

Sim. — Area  of  about  300  to  400  sq.  ft.  divided  into  waiting  room  and  office. 

BquipmerU. — Dental  chair,  instrument  and  medical  cabinet,  wash  stand,  desk,  chairs.  Wall  and  woodwork, 
enamel,  painted  white. 

7f .  Manual  Training  Rooms  (Woodwork). — Location. — In  basement  or  on  lowest  floor,  comer  room  preferred 
with  bilateral  lighting. 

Sim.    Area  about  1200  to  1500  sq.  ft. 

Equipment. — Usually  24  work  benches,  large  soapstone  sink,  gas  outlet  for  glue  pot,  blackboard  and  cork  dis- 
play board,  raised  bank  of  seats  for  demonstration  purposes,  small  room  or  rack  for  wood  stock,  small  lock-up 
room  or  oloaet  for  tools,  etc.,  teachers'  closet,  floors  of  wood,  ceiling  plastered,  walls  plastered  or  exposed  brick 
painted. 

80.  Open  Air  Class  Room. — Location. — On  top  floor  of  building,  preferably  a  corner  room,  with  windows  on 
two  sides.  Sometimes  adjoining  roof  which  is  used  as  a  play,  rest,  or  study  space,  and  covered  with  awning  in 
summer. 

Sim  and  Bquipment.—^ Khoni  750  to  1000  sq.  ft.  area  with  adjoining  closets  for  storage  of  reclining  chairs  and 
blankets,  small  toilets  for  both  sexes.  Also  small  room  used  as  diet  kitchen,  with  refrigerator,  sink,  gas  stove,  and 
cupboards.  Windows  arranged  to  open  100%  and  room  protected  ifrom  driving  rains,  while  windows  still 
remain  open.     Desirable  to  arrange  heat  and  ventilation  so  room  may  be  used  for  regular  class  room  if  desired. 

81.  Board  <^  Bdacation  Room. — Location. — Nearby  and  easily  accessible  from  Secretary's  office  and  Super- 
intendent of  School's  office  on  main  floor  of  building  near  entrance. 

iSise.— Depends  upon  number  of  members  of  Board,  sise  of  school  system,  and  amount  of  room  available. 

Equipment. — Long  board  table  and  chairs,  also  chairs  for  public,  and  newspaper  representatives.  Toilet  room 
accessible  and  provisions  for  taking  care  of  members'  cloaks. 

88.  Superintendent  of  School's  OfBce. — Location. — Near  main  entrance  and  Board  of  Eklucation  room. 

iS»s0. — Depends  upon  sise  of  school  system.  Should  be  an  outer  or  clerk's  office,  and  inner  private  office. 
Board  of  Eklucation  room  sometimes  serves  as  Superintendent's  private  office  as  well  as  Board  room. 

Eq^ipment. — Fitted  up  with  office  furniture. 

88.  Secretary  of  Board  of  Education. — Location. — Near  Superintendent's  office  and  Board  room,  also  near 
main  entrance. 

Sim. — Depends  upon  sise  of  school  system  and  may  or  may  not  have  both  public  and  private  offices. 

Equipment. — Fitted  up  with  office  furniture  including  a  large  safe  or  built-in  fireproof  vault  for  records. 

84.  Principal's  Oflke. — Location. — Near  visitors'  entrance  to  building  on  main  floor. 

Sim. — Area  of  300  to  400  sq.  ft.  and  should  have  an  outer  or  public  space,  and  an  inner  private  office. 

Equipment. — Fitted  up  with  office  furniture,  also  ample  supply  closets  and  toilet  facilities. 

Provision  should  also  be  made  for  night  school  Principal  and  'Truant  Officer. 

88.  Rest  or  Hospital  Room. — Location. — Some  secluded  and  quiet  place.  Also  advantage  to  have  near 
teachers'  room. 
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Size. — About  300  sq.  ft.  area. 

Equipment. — Chain,  table,  couch,  medicine  cabinet,  toilet  facilities. 

86.  Play  Grounds. — ^Larger  play  space  is  being  insisted  upon.  Space  around  building  should  not  be  less  than 
200  sq.  ft.  for  each  pupil  accommodated  in  the  building.  Surface  should  be'of  rolled  clay  and  sand  mixed,  which 
will  drain  quickly  and  easily  after  a  rain,  and  not  be  muddy.     Proper  play  ground  equipment  is  desirable. 

81.  School  Gardens. — Adjoining  the  play  ground  should  be  space  for  a  school  garden,  laid  off  in  plots  for  each 
class  and  pupil.  If  we  are  to  make  our  future  citisens  appreciate  the  farm  and  its  importance,  we  must  stir  up  the 
pupil's  interest  in  growing  things  by  the  actual  experience  of  having  part  in  raising  something  ^ith  his  own  hands. 

88.  Flag  Pole. — State  laws  require  generally  that  an  American  flag  shall  be  displayed  on  a  proper  flag  pole  when 
school  is  in  session  and  on  legal  holidays.  The  flag  pole  is  therefore  usually  included  in  the  building  contract.  It 
is  better  located  on  the  school  grounds  rather  than  out  of  a  window  or  on  top  of  the  buildings  where  it  is  bothersome 
to  get  at.  On  the  ground  it  can  be  used  as  a  rallying  point,  and  at  certain  times  the  entire  school  lined  up  around 
it  to  salute  the  flag.  The  flag  pole  can  be  given  a  little  dignity  by  a  proper  base  <^  iron  and  concrete  seat  around 
same,  rather  than  simply  embedding  it  in  the  ground.  Flag  poles  are  usually  of  wood,  40,  50,  60  ft.  or  more  in 
height.  Steel  flag  poles  are  used  in  some  cities  with  success,  but  care  should  be  exercised  to  give  them  some  diam- 
eter and  not  have  them  look  like  a  pipe  stem. 

89.  Fireivoof,  Semi -fireproof r  Fire  Protection. — Needless  to  say  every  effort  should  be  made  to  have  our  new 
schools  fireproof.  Semi-fireproof  usually  means  masonry  outside  walb  and  corridor  walls,  with  fireproof  floors 
in  corridors,  over  boiler  and  manual  training  rooms,  and  fireproof  stairs.  The  floor  construction  in  class  rooms 
and  roof  construction  are  in  this  case  of  heavy  timber.  The  first  essential  is  the  safety  of  the  Ufe  and  limbs  of  the 
children.  To  this  extent  the  semi-fireproof  building  is  practically  as  safe  as  a  fireproof  one,  inasmuch  as  a  school 
building  can  be  emptied  within  two  minutes,  if  properly  designed  and  frequent  fire  drills  are  held.  There  is  an  eco- 
nomic loss  in  a  fire,  that  we  should  try  to  eliminate,  and  fireproof  buildings  at  slightly  higher  cost  will  accomplish 
this,  and  at  the  same  time  cost  less  for  maintenance  and  insurance.  All  schools  should  be  equipped  with  fire  alarms, 
fire  stand  pipes  and  hose,  also  chemical  fire  extinguishers:  all  of  which  should  be  frequently  inspected  and  kept  in 
good  working  condition. 

90.  Standardization. — Most  dties  where  an  architectural  department  is  maintained  to  design  all  the  schools, 
or  where  schools  are  constantly  being  built,  have  standardised  their  requirements  and  embodied  them  in  book 
form  for  use  in  designing  future  byilding.  The  standards  of  Boston,  New  York,  and  Pittsburgh  are  available  for 
the  asking. 

In  order  to  determine  upon  standards  which  are  acceptable  to  the  country  generally  outside  the  large  cities, 
the  National  Educational  Association  has  a  committee  on  the  Standardisation  of  School  Buildings,  whose  reports 
are  also  available. 


OFHCE  BUILblNGS—ECONOMICAL  PLANNING  AND  GEN^tAL  DESIGN 

By  Frederick  Johnck 

The  planning  of  an  office  building  is  entirely  a  problem  of  securing  a  sufficient  amount  of 
good  light  floor  space  on  the  site  selected  so  that  the  net  income  will  be  large  enough  to  make  the 
investment  on  the  land  and  building  profitable  to  the  owner.  The  plan  must  be  such  that  the 
space  can  be  divided  into  small  or  large  offices  to  meet  the  tenants'  requirements.  To  make  this 
possible  the  elevators,  smoke  stack,  pipe  and  wire  shafts,  and  stairs  are  generally  arranged  along 
a  dead  or  alley  wall  so  as  not  to  use  good  light  space  that  can  be  more  profitably  used  for  offices. 
A  very  determining  point  in  the  location  of  the  elevators,  stairs,  etc.,  is  the  entrance  from  the 
street.  While  it  may  be  to  the  advantage  of  the  offices  to  enter  the  building  on  the  main  street, 
it  must  be  borne  in  mind  Ihat  space  thus  taken  for  vestibule  and  corridors  has  a  very  high  rental 
value  as  store  space.  In  considering  the  plan  it  is  quite  safe  to  say  that  the  rental  space  in  the 
basement  and  in  the  first  and  second  floors  will  be  used  for  stores,  a  bank,  or  by  an  insurance 
company.    The  rental  of  these  three  floors  should  be  enough  to  carry  the  investment. 

In  regard  to  the  number  and  size  of  elevators  to  be  installed,  see  chapter  on  "Elevators 
and  Elevator  Service"  in  Part  III. 

91.  Toilets. — In  the  early  office  buildings  erected,  a  large  toilet  for  men  and  one  for 
women  were  arranged  on  the  top  floor,  but  as  this  space  was  light  it  was  too  valuable.  After 
that  the  toilets  were  arranged  on  the  light  court  side  on  one  of  the  lower  floors.  In  some  of 
the  latter  types,  smaller  toilets  have  been  arranged  on  each  floor.  This  is  more  desirable  from 
a  tenant's  point  of  view  and  saves  on  elevator  service  for  the  building  owner.  In  this  scheme, 
a  main  toilet  for  men  should  be  provided  on  one  of  the  lower  floors  near  which  the  barber  ehop 
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can  be  located.  A  main  toilet  should  also  be  provided  for  women  and  a  small  rest  room  should 
be  maintained  in  connection  with  it.  These  main  toilets  will  serve  for  the  stores  on  the  base- 
ment, first,  and  second  floors.  In  the  smaller  type  of  office  buildings,  it  is  well  to  pfovide  small 
toilets  for  men  and  women  on  alternate  floors.  When  this  is  done,  a  small  urinal  toilet  should 
be  provided  for  men  pn  all  floors. 

92.  Pipe  and  Wire  Shafts. — Pipe  and  wire  shafta  should  run  continuous  from  the  base- 
ment to  the  top  story.  They  should  be  conveniently  located  and  accessible  for  repairs  and 
installation  of  new  work.  In  addition  to  the  main  ppe  shaft,  a  number  of  smaller  ones  should 
be  built  so  that  lavatories  can  be  placed  in  each  office  or  suite  of  offices.  A  great  deal  of  care 
should  be  taken  in  locating  the  wire  shafta  so  that  the  conduits  for  each  floor  can  enter  the  shafts 
without  difficulty.  If  it  is  possible  to  have  two  wire  shafts,  one  at  each  end  of  the  building, 
it  is  well  to  do  so  as  this  will  reduce  the  length  of  the  home  runs  in  the  wiring  and  consequently 
reduce  the  cost  of  the  building.  All  pipe  and  wire  shafts  should  be  enclosed  in  tile  and  have 
all  openings  protected  with  metal  doors  so  as  to  reduce  the  fire  risks. 

98.  Floor  Finish. — In  the  office  sections,  it  is  customary  to  use  a  maple  floor  on  sleepers. 
The  top  of  the  floor  should  be  at  least  4)^  in.  above  the  top  of  the  floor  construction,  /so  as  to 
give  sufficient  space  for  runs  of  pipe  and  conduits.  Floors  in  corridors  and  in  toilets  should 
be  of  marble  or  tile. 

94.  Wire  Molds. — Wire  molds  of  ample  size  to  conceal  telephone  and  A.D.T.  wires 
should  be  provided  in  the  corridors,  as  these  wires  are  constantly  being  changed.  They  can 
be  run  open  in  offices,  although  they  are  often  concealed. 

95.  Type  of  Construction. — All  office  buildings  should  be  of  fireproof  construction.  The 
particular  type  of  constructipn  depends  largely  on  the  height  of  the  building  and  the  condition 
of  the  steel  market.  It  is  safe  to  say  that  all  buildings  10  or  more  stories  in  height  should  be  of 
the  skeleton  steel  type  with  steel  girders  and  beams,  and  tile  arches.  Buildings  from  4  to  10 
stories  can  be  built  with  concrete  columns,  girders,  and  joists  with  tile  fillers.  The  low  live 
load  required  for  buildings  of  this  class  make  it  rather  uneconomical  to  construct  them  with 
concrete  floor  slabs,  as  by  so  doing  the  dead  load  is  increased  beyond  the  point  of  economy. 

96.  Arrangement  of  Offices. — For  high  office  buildings  in  large  cities,  the  arrangement  of 
an  outer  and  an  inner  office  has  been  found  to  be  the  best  from  a  rental  point  of  view  (see  Fig. 
24).  If  two  or  more  tenants  desire  to  have  offices  together,  the  dividing  partitions  between  the 
inner  offices  can  be  omitted,  as  shown  in  Figs.  25  and  26.     By  this  arrangement  the  tenants' 
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Fzo.  24. — Single  suite  of    Fig.  25. — Double  suite  of 
inner  and  outer  offices.       inner  and  outer  offices. 


Fig.  26. — Triple  suite  of 
inner  and  outer  offices. 
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Pig.  27. — Doctor's 
suite  of  offices. 


expenses  are  decreased  since  the  same  telephone  switchboard  and  stenographic  force  can  be 
used  jointly  by  the  tenants.  In  the  new  four  and  five  story  office  buildings  that  are  now  being 
erected  in  the  smaller  cities,  the  inner  office  is  not  considered  a  desirable  rental  feature  due 
perhaps,  to  two  reasons:  (1)  the  office  force  for  this  class  of  tenants  is  smaller  than  for  tenants 
in  larger  cities;  and  (2)  on  account  of  a  smaller  rental  value,  the  maintenance  on  this  waste 
8p>ace  greatly  reduces  the  net  profits  on  the  investment  for  the  owner.  ^ 

One  other  special  feature  in  office  planning  is  the  arrangement  of  offices  required  by  doctors.  As  it  is  very 
undesirable  to  discbarge  a  patient  through  a  general  reception  room,  an  inner  passage  connect!^  to  the  outer  oor> 
ridor  should  be  provided,  as  illustrated  in  Fig.  27.  In  office  buildings  occupied  by  doctors  and  aentists,  provisions 
should  also  be  made  for  laboratories,  and  dark  rooms  for  Z-ray  work.  A  space  should  also  be  arranged  for  a  drug 
store. 


Sec.  4-97] 


GENERAL  DESIGN  I  NO  DATA 


767 


97,  Office  Requirements. — In  addition  to  the  ceiling  outlet,  every  office  should  have 
base  plugs  for  desk  lights  and  fans.  A  lavatory  with  hot  and  cold  water  should  be  provided 
in  each  suite  of  offices.  These  are  sometimes  concealed  with  a  double  wardrobe,  one-half  for 
the  lavatory  and  the  other  half  for  clothes.  The  tops  of  these  wardrobes  should  be  left  open 
to  permit  a  free  circulation  of  air.  For  doctors  and  dentists,  it  is  also  necessary  to  provide  gas 
outlets,  and  compressed  air.    Lavatories  in  these  office^  should  be  of  the  pedal  control  type. 
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Fig.  28.— l^iuoal  plan  of  high  ofBoe  building  on  comer  lot. 
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FiQ.  29. — Typical  plan  of  high  office  building  on  inside  lot. 

98.  Story  Heights. — First  and  second  story  heights  in  office  buildings  vary,  depending 
axK>n  the  requirements  of  the  tenants.  If  the  first  two  floors  are  used  for  stores,  the  first 
story  height  can  be  from  16  ft.  6  in.  to  17  ft.  6  in.,  the  second  story  height  from  12  ft.  6  in.  to 
14  ft.,  and  the  typical  stories  11  ft.  6  in.  to  12  ft.  6  in. 
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99.  General  Plan. — An  office  building  on  a  comer  lot  naturally  gives  the  maximum 
number  of  light  offices.  If  the  lot  has  a  greater  width  than  60  ft.  for  a  high  building,  a  light 
court  is  necessary.  For  low  buildmgs  in  smaller  cities,  a  court  is  necessary  in  buildings  wider 
than  25  ft.  Fig.  28  shows  a  plan  of  a  medium  size  high  office  building  on  a  corner  lot.  In  Fig. 
29  is  a  plan  of  a  high  building  on  an  inside  lot.  This  scheme  permits  only  a  few  offices  on  the 
street  front  while  the  greater  portion  of  them  are  on  the  light  court. 


^Lefftm 


\ 


Fio.  30.— Typical  floor  plan  of  4  or  5-Btory  building  on  corner  lot.     Entrance  on  jside  street. 


Fio.  31. — Typical  plan  of  4  or  6-etory  office  building  on  corner  lot.     Entrance  on  main  street. 


'Ufkm 


\Laf»m 

Fio.  32. — Tsrpical  plan  of  4  or  S-story  office  building  on  inside  lot. 

In  Fig.  30  is  a  plan  of  a  low  office  building  on  a  corner  lot  with  the  entrance  on  the  side  near 
the  alley.  Fig.  31  is  a  plan  of  a  low  office  building  on  a  corner  lot  with  the  entrance  on  the 
main  or  more  important  street.  In  Fig.  32  is  illustrated  a  plan  of  a  low  office  building  on  an 
inside  lot. 

100.  Colunm  Spacing. — The  column  spacing  is  determined  by  the  width  of  the  office 
required ;  the  width  and  length  of  the  lot  for  equal  spacings ;  and  the  necessity  of  using  economical 
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sues  of  steel  beams  ftnd  girders.     A  spacing  of  about  19  ft.  bas  been  found  to  be  very  good  and 
permits  two  offices  9  ft.  wide  in  eacli  bay. 

101.  General  Design. — The  architectural  treatment  of  the  exterior  is  a  problem  in  which 
cost  and  available  material  are  important  factors.  In  a  general  way  the  exterior  design  may 
be  tre&ted  as  a  flat  wall  surface  with  terra  cotta  or  stone  cornices;  or  it  may  be  designed  with 
strong  horizontal  bands  at  the  window  sills  and  beads;  or  it  may  be  treated  with  vertical  piers 
with  a  Gothic  efiect.  If  the  amount  of  money  at  hand  is  small,  it  is  well  to  treat  the  main  body 
of  the  building  in  a  very  simple  dignified  manner  and  only  use  ornamental  and  molded  stone 
or  terra  cotta  to  mark  the  entrance  to  the  building.  The  question  of  any  particular  style  of 
ornament  to  be  used  is  a  matter  of  individual  taste  and  opinion.  In  the  designing  and  detailing 
of  the  ornament  a  human  interest  can  always  be  worked  in  so  as  to  give  the  building  distinotive 
character. 


PUBLIC  COHTORT  STATIONS 
Bt-Fbakk  R.  Kino 

The  term  "public  comfort  station"  denotes  a  structure  plamied  tor  the  convenience  of  the 
general  public,  in  which  the  use  of  sanitSiry  toilet  facilities  constitutes  the  principal  service 
rendered.  It  is  generally  desirable  to  maintain  rest  rooms  in  connection  with  them.  A 
public  comfort  station  may 
take  the  form  of  a  privy  or 
an  inside  toilet  room  with 
washing  facilities — the  type 
depending  upon  the  size  of 
the  community,  the  availa- 
bility of  water  and  sewerage 
connections,  and  the  amount 
of  funds  at  disposal  for  the 
purpose.  Sanitary  equip- 
ment of  only  the  highest 
grade  should  be  employed, 
inaamuch  as  constant  public 
use  makes  the  wear  and  tear 
more  injurious  than  in  the 
average  toilet  room. 

As  these  stations  i 
for  the  public's  benefit,  pro- 
vision for  their  erection  and 
maintenance  should  be  re- 
garded as  a  public  function, 
supported  by  the  fund&  of 
the  state  or  municipality 
concerned.    Such  funds  may  be  raised  by  direct  taxation  or  bond  issues. 

102.  Location  and  Operation. — The  maximum  success  of  public  comfort  stations  depends 
largely  upon  their  central  location,  which  means  they  should  be  established  in  the  more  con- 
gested districts  and  where  they  are  easy  of  access.  From  the  viewpoint  of  economy,  ease  of 
access,  and  central  location,  existing  public  buildings  usually  afford  desirable  sites  for  establish- 
ing comfort  stations.  Thus  a  municipality  may  utilize  a  court  house,  municipal  building, 
school,  fire,  or  police  station,  library,  public  market,  or  similar  building.  Other  suitable  sites 
are  public  squares,  parks,  playgrounds  and  bathhouses,  cemeteries,  bandstands,  and  bridge 
abutments.  Semi-public  places  such  as  oiling  stations  and  railroad  stations  are  suitable  for 
the  purpose,  and  in  some  cases  they  may  be  housed  satisfactorily  in  connection  with  other 
places  of  business,  such  as  stores  or  similar  mercantile  centers  (Figs.  37  to  44  incL). 


Fia.  33, — Comfort  statiOD  ol  the  iDdepanduit  buiUinf  type.  Mjuippad 
with  water-fluilied  coDvenipneei.  pubUo  wkter  and  Bewer  connectioiu  beins 
mvailoble  or,  enitioir  conditiooft  pennittinp.  privftte  vyvlcmi.  HHtiiicpr<^ 
vided  by  baHement  plant  or  (rotnadjouiinsDuudJiig. 
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Another  course  open  for  communitieB,  eHpecially  cities,  is  the  erection  of  public  couifort 
stationa  in  the  form  of  substantial,  permanent,  and  artistic  structurea  independent  of  existing 
buildings.    There  are  possibilities  for  the  development  of  this  type  of  station  as  real  municipal 

centers  for  public  con- 
vettienoe.  Following 
successful  experience  in 
many  large  cities,  they 
.  may  be  made  to  pay,  in 
part  at  least,  the  oxpenae 
of  operation  through 
concessions,  such  as  pay 
t«lephone  booths,  parcel 
check  stands,  vending 
machines,  shoe  shining 
stands,  ncwspa,per  and 
mj^azjne  privileges,  and 
counters  for  the  sale  of 
souvenirs,  postcards, 
toilet  articles,  towels, 
soap,  and  auto  con- 
veniences. Primarily, 
however,  the  public  com- 
fort station  should  be 
regarded  as  a  free,  jniblic 
institution,    with    toilet 

_      and     washing     facilities 

ing.  equipped  with  WBter-fliuhed  loilelB  mhI  hemtBd  bjr  a  hot-»ir  beatet.  et«iiiii,     opgu  [q   everybody    and 

the  auxiliary  features 
mentioned  should  in  no  way  be  allowed  to  supplant  this  free,  public  use  nor  to  change  in 
the  slightest  degree  the  'pvbUc  character  of  the  atations. 


^ 


||B| 


public.  Tbia  di 
iua  ths  hichwk: 
intesnl  part  ol 
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only  be  «c 
ftrked  frith   pUli 


Bhduld  be 

klcAble  end  proQuneutly  placed, 
yet  be  modeit.  The  Btundud 
0  oomfort  itetiaD  eigD  {fit.  *&) 
joounended  for  uiUvpreal  adop- 
■  undtbeikull 
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niined  by  A.  C.  Shant,  •  do 
ricsn  Sofiety  ol  Sanitary  EnfiDeei 
eitenaively  throufhaut  the  couDti 
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103.  SubmiBBion  of  PUhb. — Before  proceeding  with  the  loc&tion,  design,  and  coostruction 
of  a  public  comfort  etation  or  rest  robm,  plane  and  specifications  should  be  submitted  for  ap- 
proval to  the  State  Board  of  Health  or  other 
state  or  local  authority  vested  with  such 

104.  Supervision  of  Constniction. — 
After  approval  of  plana  has  been  obtained, 
cooBtructioQ  should  proceed  in  accordance 
with  the  establiahed  regulations,  and  no 
changes  in  such  plans  should  be  made  with- 
out permission  from  the  proper  authorities. 
All  such  work  should  be  subject  to  inspec- 
tion by  the  official  authority. 

106.  Adequacy  of  Toilet  and  WaBtalng 
Accommodatioas.-^Toilet  accommodations 
to  serve  the  needs  of  the  community  depend 
for  their  adequacy  upon  local  conditions,  so 
that  no  definite  rule  can  be  laid  down.  In- 
formatiati  available,  however,  indicates  that 
under  normal  conditions  at  least,  there 
should  be  one  closet  for  every  1000  females 
and  at  least  one  closet  and  two  urinals  for 
every  1000  males  in  the  community,  assum- 
ing that  the  population,  or  the  number 
deemed  likely  to  frequent  the  station,  be 
divided  in  the  ratio  of  40%  females  and 
60%  males. 

Certsin  municipkUtiea  ot  neorta  whera  there  u« 
frequently  laiie  gatlieriiigs  utuially  D«d  more  bo- 
commodationi  than  places  wbere  tbs  people  do  not 
BuctuBte  or  auemble  to  mueh  eitent.  In  the  lack  of 
deOnite  information,  therefore,  and  becauae  of 
ble  ohangei    in   thg  development   of   commu 
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107.  Uniform  Sign  Required. — Every  public  comfort  station  should  have  displayed  in  a 
conspicuous  position  the  standard  public  comfort  station  sign.     In  conjunction  with  this  em- 
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FlQ.  43.  Fla.  13. 

Fia,  42. — StutioD  in  connection  with  ■  manmntil*  aUbluhuMnt.  EatnnoM  trom  buildins  uulatrMt,  willi 
HDopy  ov«  exterior  entrance  mnd  Approach. 

Fio.  43. — atatiOQ  bouses  below  the  itreel  aidewftlk,  Wkter.  uwcr,  liehlina  uid  heat  trani  kdjiemt  bulldinc*^ 
esting  aygtem  may  be  gn  indeMndent  plant.  VenlilMion  by  meani  of  an  orumenU]  hollow  eoiumn  equip^  al 
a  bue  with  a  beating  coil,  air  eipulBion  fan  or  It*  equivalent,  and  the  top  gutniDunt«d  by  a  ventiUtor,  comfort 
tatioD  maik.  and  weatlier^vane 
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blem  there  ahould  be  placed  a  mark  indicating  women's  entrance,  and  one  indit^tiog  men'a 
entrance.  The  uniform  sign  should  be  (daced  also  at  such  other  points  as  are  beet  adapted  for 
guiding  the  public  to  these  stations. 

Ths  men  ahould  be  of  anifonii  dBufD  tbn>ucb»ut  thg  ststs  kod  not  leu  than  8  X  IS  in.  in  liie,  eioept  where 
■  Inrcer  >i(n  obviaiuly  is  preferable.     Coniiitent  uniformity  ahould.  however,  b«  the  rule.     The  universal  aign 

painted  oranf^  oolored  itu.     The  body  of  the  lien  ii  white  and  the  bordor  und  lettering  mre  &  deep  blue  (Fig.  4S). 

108.  Ventilation  and  Light — When  housed  within  a  building,  a  public  comfort  station 
Bbould  be  so  placed  as  to  afford  light  and  air  by  windows  or  skylights,  or  open  directly  upon  a 
Street,  alley,  court,  or  vent  shaft.    Every  such  vent  ehaft  should  have  a  horitonf  al  area  of  at 


in  hou*e>  in  the  bwemeDt  of  a  bulldinc  with  entn 
om  the  buiidinj.  or  direet  from  the  strut  ■ervicee. 


"""fio.  4l.-^b"&  comfort  lUlion  mark. 

least  1  sq.  ft.  for  each  water  closet  or  urinal  adjacent  thereto,  but  the  least  dimension  of 
such  shaft,  if  one  story  high,  should  not  be  less  than  3  ft ;  if  two  stories  high,  not  less  than  4  ft. ; 
and  1  ft.  additional  for  each  extra  story. 

The  glass  area  for  a  toilet  room  containing  one  closet  or  urinal  should  be  at  least  4  sq,  ft., 
with  2  sq.  ft.  additional  for  each  additional  closet  or  urinal. 

In  addition  to  the  windows  required,  each  toilet  room  eontainina   more  than  three  fiituna  (closet*  and  uri- 
nalal  should  have  a  vent  flue  of  inoombuetible  material,  vertical  or  nearly  vertical,  running  throuah  the  roofi  sur- 


Seven  to  ten  Giturea 12-in.  pipe. 

U  the  windows  or  akyliabtt  cannot  be  opened,  vent  pipes  also  should  be  placed. 

No  toilet  room  in  a  public  comfort  station  should  have  a  movable  window  or  ventilator  openioi  upon  any  ela- 
vator  shaft  or  court  whiDh  oontains  windows  or  sleeping  or  living  rooms  above:  eicept  that  s  toilet  room  eontaining 
not  more  than  two  cloaala  may  have  a  movable  window  oD  such  court,  provided  the  toilet  room  has  a  vent  flue  ex- 
tending above  tlic  roof. 

Eioept  upon  written  approval  by  the  proper  officials,  no  public  eomtort  station  ahould  be  Uwated  in  an  iote- 

£very  public  comfort  station  should  be  arUfictalty  lighted  during  the  entire  period  the  building  is  open  for  use, 
when  adequate  natural  light  la  not  available,  and  In  such  manner  that  all  parts  of  (be  room  may  eaaily  be  viaible. 

109,  Size. — Every  public  comfort  station  should  have  at  least  10  sq.  ft.  of  floor  area  and 
at  least  100  cu.  ft.  of  air  space  for  each  water  closet  and  each  urinal,  together  with  adequate 
waiting  room  area. 

IID.  Floor. — The  fioor  and  base  of  every  public  comfort  station  should  be  made  of  material 
(other  than  wood)  which  doee  not  readily  absorb  moisture  and  which  can  easily  be  cleaned.  Such 
Boors  should  be  of  concrete  faced  with  a  cement,  tile,  or  marble  surface,  or  equivalent  material. 

To  make  a  concrete  floor  non-absorbent,  the  concrete  and  cement  top  dressing  must  be  a 
dense,  rich  mix,  finished  smooth,  and  kept  well  painted. 
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111.  Floor  Drains. — Toilet  rooma  of  this  type  should  be  provided  with  a  hose  faucet  and 
the  floor  graded  toward  a  drain  equipped  with  an  adequate  4-in.  trap.  This  trap  should  have 
a  movable  floor  grate  or  strainer. 

112.  "Walls  and  Ceili^. — The  walls  and  ceilings  should  be  completely  covered  witfi  smooth 
cement  or  gypsum  plaster,  glazed  brick  or  tile,  galvanized  or  enameled  metal,  or  other  smooth, 
non-absorbent  material.  In  the  less  frequented  or  inexpensive  stations,  wood  may  be  used  if 
well  covered  with  two  coats  of  body  paint  and  one  coat  of  enamel  paint  or  spar  varnish.  But 
wood  should  not  be  used  for  separating  walls  or  partitions  between  toilet  rooms,  nor  for 
partitions  which  separate  a  toilet  room  from  any  room  used  by  the  opposite  sex.  All  such 
partitions  should  be  as  nearly  soundproof  as  xK>8sible. 

113.  Partitions  Between  Fixtures. — Adjoining  water  closets  should  be  separated  by  parti- 
tions. Every  individual  urinal  or  ui  inal  trough  should  be  provided  with  a  partition  at  each 
end  and  at  the  back  to  give  privacy.  Where  individual  urinals  are  arranged  in  batteries,  a 
partition  should  be  placed  at  each  end  and  at  the  back  of  the  battery.  A  space  of  6  to  12  in. 
is  required  between  the  floor  and  the  bottom  of  the  partition.  The  top  of  the  partition  should 
be  from  5  J$  to  7  ft.  above  the  floor.  Doors,  of  the  same  height  as  required  for  partitions,  should 
be  installed  for  water  closet  compartments.used  by  women.  Doors  at  least  24  in.  high,  with  the 
center  about  3  ft.  above  the  floor,  should  be  provided  for  water  closet  compartments  used  by 
men.  All  partitions  and  doors  should  be  of  material  and  finish  as  prescribed  for  walls  and  ceil- 
ings.    Wood  is  not  recommended ;  if  used,  it  should  be  hardwood. 

114.  Service  Closet. — Each  toilet  room  in  such  stations  should  have  a  service  closet, 
supplied  with  broom,  mop,  bucket,  soap,  toilet  paper,  toweling,  lime  or  other  disinfectant,  and 
any  other  materials  necessary  for  maintaining  cleanUness  and  serving  the  public's  needs  (Fig.  33). 

116.  Depositories. — Men's  and  women's  toilet  rooms  should  be  equipped  with  a  depository 
so  designed  as  to  make  the  contents  readily  removable,  and  of  such  material  and  construction 
as  to  enable  it  to  be  kept  in  a  clean  condition. 

116^  Fixtures — Water  Closets, — All  water  closets  should  be  made  of  xK>rcelain  or  vitreous 
china  ware.  The  bowl  and  trap  should  be  of  the  combined  pattern  in  one  piece,  and  should  hold 
a  sufficient  quantity  of  water  and  be  of  such  shape  and  form  that  no  fecal  matter  will  collect  on 
the  surface  of  the  bowl.  All  water  closets  should  be  equipped  with  adequate  flushing  rims,  so  as 
to  flush  and  scour  the  bowl  properly  when  discharged.  The  bowl  should  be  of  the  heavy  pat- 
tern, large  throatway,  siphonic  action  type. 

Frost-proof  closets  should  be  installed  only  in  compartments  which  have  no  direct  con- 
nection with  any  building  used  for  himian  habitation.  The  soil  pipe  between  the  hopper  and 
the  trap  must  be  of  cast  iron,  4  in.  in  diameter  and  free  from  offsets.  This  type  of  closet  should 
be  used  only  in  buildings  subject  to  extreme  frost  conditions.  When  frost-proof  closets  are 
installed,  the  bowl  must  be  of  vitreous  chinaware  or  iron  enameled  inside  and  outside,  of  the 
flush  rim  pattern,  provided  with  an  adequate  tank,  automatically  drained  to  guard  the  fixtures 
and  piping  against  frost.  The  installation  and  use  of  this  type  of  fixtifre  should  be  discouraged 
as  much  as  possible.  Under  the  most  favorable  conditions  little  can  be  said  for  this  closet 
from  a  practical  and  sanitary  standpoint. 

Urinals. — Urinals  should  be  made  of  material  impervious  to  moisture,  and  of  such  design,  materiab,  and  con- 
struction that  they  may  be  properly  flushed  and  kept  in  a  sanitary  condition.  If  cast  iron  is  used  in  the  construc- 
tion of  urinals,  it  must  be  enameled  on  the  inside  of  the  trough  or  bowl  and  coated  with  a  durable  paint  or 
enameled  on  the  outside.  Trougli  and  lip  urinals  should  have  a  floor  drain  placed  below  the  urinal,  and  the  floor 
should  be  graded  toward  the  drain.  Individual  urinals  rising  from  the  floor,  with  the  floor  pitched  toward  the 
urinal,  made  of  porcelain  or  vitreous  chinaware,  and  equipped  with  an  effective  automatic,  or  equivalent,  flushing 
device  and  adequate  local  vent,  are  recommended. 

Sinks  and  Wash  Basins. — Sinks  and  wash  basins  in  comfort  stations  should  be  made  of  earthenwarot  vitreous 
chinaware,  enameled  iron  ware  or  other  impervious  material,  and  equipped  with  adequate  traps  and  self-clooing 
faucets. 

Flush  Tanks. — All  flush  tanks  or  flushometcr  valves  should  have  a  flushing  capacity  of  not  less  than  3  gal.  for 
water  closets  and  not  less  than  1  gal.  for  urinals,  and  should  be  so  installed  t&at  they  are  protected  against  frost, 
tampering,  etc. 

Open  Plumbing. — All  plumbing  fixture  should  be  installed  or  set  free  and  open  from  all  enclosing  work.  Where 
practicable,  all  pipes  from  fixtures,  except  fixtures  with  integral  traps  rising  from  the  floor,  should  be  run  to  the  walL 
It  is  essential  that  all  plurobing  fixtures  for  this  type  of  service  be  of  high  grade,  and  of  such  design  and  construction 
and  so  installed  as  to  be  practically  fool-proof. 
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Piping^ — Wherever  practicable,  the  piping,  tanks,  flushing  devices,  traps,  etc.,  should  be  installed  exposed  iA 
a  utility  chamber,  and  so  arranged  that  they  are  accessible  for  the  removal  of  stoppages  (Fig.  38). 

FraUction  Against  Frost. — All  water  oloseta  and  urinals  and  the  pipes  connecting  therewith  should  be  protected 
properly  against  frost,  either  by  a  suitable  insulating  covering  or  by  an  efficient  heating  apparatus,  or  in  some 
other  approved  method,  so  that  the  facilities  will  be  in  proper  condition  for  use  at  all  times.  Toilets  should  be 
adequately  heated  in  cold  weather.     Heating  equipment  should  be  arranged  to  permit  cleaning  of  floors  and  walla. 

117.  Where  Water  and  Sewerage  Systems  Are  Not  Available. — In  localities  lacking  public 
syBtems  of  water  and  sewerage, .the  disposal  of  human  wastes  may  be  accomplished  as  follows: 

(1)  By  an  efficient  water  system  of  the  **compressed  air  storage"  or  "air  pressure  delivery" 
type  and  a  proper  sewage  treatment  tank  and  disposal  units,  as  existing  conditions  may  require. 

(2)  By  outdoor  privies  or  other  toilet  conveniences  permitted  by  federal,  state,  or  local 
authorities,  when  local  conditions  make  it  impractical  to  install  a  water  supply  and  sewage 
disposal  system  (see  Part  III,  Sect.  4,  on  "Waterless  Toilet  Conveniences").  Fig.  36 shows 
such  a  station  equipped  with  chemical  closets. 
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118.  Cattle  Bam. — Manufacturers  of  cattle  stanchions  and  feed  and  litter  carriers  have 
developed  the  plan  arrangement  of  the  standard  cattle  bam.  The  stalls  are  in  two  lines,  the 
cattle  facing  on  the  center  aisle,  by  which  the  feed  and  water  is  distributed.  In  some  bams  the 
cattle  are  faced  to  the  outside  wall,  with  feed  alleys  between  the  stalls  and  the  windows.  The 
stalls  are  formed  of  concrete,  pitched  sUghtly  to  the  back  where  a  gutter  extends  the  length 
of  the  building.  The  finished  level  of  the  stall  floor  should  be  even  with  the  bottom  of  the  man- 
ger. The 'Stalls  may  be  paved  with  cork  bricks  or  creosoted  blocks.  The  block  paving  is  not 
imperative  where  ample  bedding  is  provided*  The  stanchions  and  stalls  are  formed  of  iron 
pipe.  The  fabrication  of  this  equipment  has  been  specialized  so  as  to  be  adjustable  to  different 
sized  cattle.  The  concrete  manger  is  formed  in  the  floor  structure.  Separating  partitions  of 
metal  prevent  the  cattle  from  robbing  each  other.  The  partitions  are  operated  by  a  lever  at  the 
end  of  the  row  of  stalls.  Watering  basins  of  cast  iron  are  placed  in  each  stall.  These  are  auto- 
matic, self-filling,  and  are  said  to  be  non-freezing.  Feed  carriers  hung  to  overhead  railways, 
and  litter  or  manure  carriers,  also  on  overhead  rails,  facilitate  rapid  attendance  on  the  cattle. 
The  manure  carrier  rails  are  extended  to  a  distance  outside  the  bam  so  that  the  carrier  is 
automatically  dumped  and  returned.  Hay  and  grain  are  stored  on  the  second  floor  of  the  bam, 
the  structure  of  which  is  such  as  to  permit  a  hay  loader  operating  on  a  rail  to  fill  the  bam  nearly 
to  the  top.  A  grain  mixing  room,  on  the  first  story,  is  connected  to  iron  lined  grain  bins  over- 
head by  chutes.  The  hay  is  delivered  by  chutes  to  the  first  floor.  The  silo  is  at  the  end,  or 
on  one  side  of  the  barn.  It  is  from  10  to  18  ft.  in  diameter  according  to  the  size  of  the 
bam,  and  from  20  to  45  ft.  high.  One  side  is  closed  with  a  series  of  doors  connecting  by  a 
chute  to  the  first  story.  The  silage  consisting  of  chopped  com  stalks  or  other  fodder  finely 
cut,  is  delivered  to  the  silo  by  a  metal  tube  through  which  the  silage  is  blown  by  a  powerful 
fan  to  the  top.  Just  enough  silage  is  taken  out  for  each  day's  feeding.  The  food  capacity  of 
silos  is  given  in  the  following  table. 

Table  op  Standard  Interior  Dimensions  op  Silos  por  Feeding  Cattle  Six  Months 

AND  Eight  Months 


Number  ot  cattle 

Tons  required  for 

Diameter, 
(feet) 

Height 

6  mo. 

8  mo. 

6  mo. 
(feet) 

8  mo. 
(feet) 

10 
20 
30 
40 
50 

36 

72 

108 

142 

180 

96 
144 
192 
240 

10 
12 
14 
16 
18 

28 
31 
34 
34 
34 

39 
41 
42 
47 
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The  ailo  m&y  be  of  wooden  at&ves  bouod  with  iroa  rods,  or  formed  of  heavy  woodea  rings 
sheathed  inside  and  out  with  vertical  matched  boarding,  or  of  vertical  studs  covered  with  hori- 
Eontal  lap  siding  beat  to  the  circle.     It  may  be  of  hollow  clay  tile,  laid  in  mortar,  or  of  concrete 


Fia.  46. — Typical  (eo«nl  putpOH  farm  blaa. 


Pia.  47. — Tyidul  sectiou  ihovint  vsntilatloa  (ritenu  »»1  dimeniiou  For  (enenl  puipoae  turn  barn. 

reinforced  with  vertical  and  horizontal  rods.  The  silo,  whether  of  wood  or  masonry,  should 
rest  on  a  concrete  or  maaohry  foundation  carried  2  ft.  above  ground  and  deep  enough  to  prevent 
froet  action.     Ciaima  are  made  for  wood  silos  that  they  are  more  resistant  to  ireeuag  thaa 
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masonry.  A  continued  period  of  cold  weather  wiU,  hQwever,  freeze  the  silage  around  the 
outside  wall  in  any  construction.  In  a  windy  location  the  wooden  silo  is  likely  to  be  blown 
down  or  bent  over  on  account  of  its  light  weight. 

The  ventilation  ot  the  cattle  bam  ia  done  by  a  gravity  Bystem  oonaisting  of  inlet  ducts  entering  the  outside  of 
the  walls  midway  between  floor  and  ceiling,  and  discharging  into  the  barn  near  to  the  ceiling  in  front  of  the  stock. 
Crontrol  dampers  are  required.  The  ducts  are  distributed  at  intervals  of  10  or  12  ft.  on  the  walls.  The  out  take 
ducts  are  large,  and  fewer  in  number,  placed  in  such  a  manner  that  the  air  will  be  drawn  under  the  stock  from 
front  to  rear.  The  foul  air  enters  the  ducts  near  the  floor  and  passes  in  as  nearly  a  vertical  line  as  possible  to  the 
ridge  of  the  bam.  A  special  form  of  vent  cap  prevents  back  draft  and  the  entrance  of  wind  and  snow.  Control 
dampers  are  desirable,  but  it  should  not  be  possible  to  close  the  ducts  entirely,  otherwise  the  cattle  will  not  obtain 
sufficient  fresh  air. 

The  number  and  size  of  the  outlet  and  inlet  ducts  depends  on  the  number  of  animals  housed. 
The  number  of  cubic  feet  of  air  required  per  head  per  hour,  with  the  average  relative  humidity  of  fresh  country 
^  air  at  65  %  or  less,  is  as  follows: 

Cu.  ft.  per  hr.  Assumed  weights  per 

per  head  head  (pounds) 

For  horses 4924  1200 

For  cows 3953  1100 

For  swine 1610  160 

For  sheep 929  100 

For  hens 3/  3 

With  different  weights  per  head,  the  amounts  of  air  would  change  in  proportion. 

The  flow  of  air  in  a  square  outtake  duct  will  have  at  least  an  average  velocity  of  250  ft.  per  min.,  without  me- 
ehanical  forcing  or  the  aid  of  heat  other  than  that  derived  from  the  animals  in  the  space  to  be  ventilated. 

An  outtake  ventilating  duct  for  30  cows  would  require  30  X  3953  «  118,590  cu.  ft.  of  air  per  hr.  We  will 
assume  an  air  movement  of  250  ft.  per  min.,  or  15,000  ft.  per  hr.  To  ascertain  the  cross  section  area  of  the  outtake 
duct  required  for  the  cows,  it  is  only  necessary  to  divide  the  number  of  cubic  feet  of  air  required  for  30  cows,  by 
15,000,  thus, 

118,590  cu.  ft.  +  15,000  »  7.906  sq.  ft.,  or  1138.5  sq.  in.  requiring  either  one  duct  34  X  34  in.,  2  ducts  24  X  24 
in.  each,  or  4  ducts  12  X  2-1  in. 

Stronger  currents  through  the  ventilators  will  be  secured  by  making  one  or  more  larger  ones  than  where  many 
small  ones  are  provided,  and  it  is  usually  best  to  have  as  few  as  possible,  yet  not  leave  the  impure  air  in  distant 
parts  of  the  barn. 

For  every  outtake  flue  there  should  be  a  number  of  intake  flues  whose  combined  area  exceeds  that  of  the 
outtake  flue  by  10%,  even  in  view  of  the  unavoidable  leakage  of  air  through  the  walls  and  arouno  the  windows  and 
doors. 

Thirty  cows  require  an  outtake  duct  of  1138.5  sq.  in.  area;  then  these  cows  should  have  an  intake  of  1138.5  sq. 
in.  pluB  10  %  which  would  be  1252.4  sq.  in.  Assuming  20  intakes,  each  would  have  to  be  1252.4  -i-  20  -  62.7  sq.  in. 
area,  or  about  8  X  8  in.  square.  It  is  better  to  have  many  small  openings  than  a  few  large  ones,  because  the  cold  air 
is  better  distributed,  lessening  drafts.  All  intake  flues 'should  be  equipped  with  registers,  so  the  air  is  at  all  times 
in  control  of  the  party  in  charge.     Intake  flues  may  be  made  of  galvanzied  sheets  or  wood. 

The  nominal  area  of  a  register  or  register  face  should  be  about  50%  greater  than  given  by  this  computation; 
actual  areas  of  commercial  registers  are  given  in  the  accompanying  table. 

Sise  of  register  Effective  area  Sise  of  register  face  Effective  area 

face  (inches)  (square  inches)  (inches)  (square  inches) 

6X8  32  12  X  12  96 

6  X  10  40  12  X  14  112 

6  X  12  48  14  X  14  130 

6  X  14  56                                         6  round  19 

8X8  42                                        7  round  25 

8  X  10  53                                         8  round  33 

8  X  12  64                                         9  round  41 

8  X  14  75  10  round  51 

10  X  10  66  11  round  62 

10  X  12  80  12  round  74 

10  X  14  98  14  round  100 

A  good  form  of  ventilating  flue  is  made  of  two  layers  of  number  1  matched  stuff,  34  in.  thick,  with  building 
paper  or  deadening  felt  between,  to  make  it  as  nearly  as  possible  a  perfect  non-conductor,  thus  preventing  rapid 
cooling  of  the  air  in  the  flue.  This  form  of  construction  also  makes  the  flue  air-tight,  which  is  essential,  for  every 
hole  and  crack  lessens  the  ventilating  power. 

The  most  common  and  probably  most  suitable  material  for  bam  construction  is  wood.  Concrete  foundations 
and  floors  are  advantageous  and  the  concrete  walb  may  be  carried  up  a  few  feet  above  the  floor  or  to  the  window 
•ills.     Above  this  the  wood  construction  is  started.     There  would  seem  to  be  no  reason  why  the  entbe  first  story 
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and  the  floor  of  the  seoona  story  should  not  be  of  reinforced  concrete.     In  the  event  of  fire  the  cattle  might  be  saved 
by  this  construction.  * 

A  plan*arrangement  which  would  store  the  hay  in  a  seiMtrate  building  might  be  the  means  of  saving  a  valuable 
herd.  This  would  require  a  special  mechanisra  for  bringing  the  hay  into  the  cattle  bam.  In  this  case  the  roof 
of  the  bam  should  be  built  to  resist  the  cold  of  winter. 

119.  Manure  Pit — The  pit  for  storage  of  manure  will  be  concrete  formed  into  a  shallow 
tank.  It  should  be  covered  with  a  roof  and  screened  from  flies.  The  overhead  railway  from 
the  bam  will  extend  through  the  pit  so  that  the  manure  may  be  dumped  automatically.  The 
pit  should  be  large  enough  to  contain  the  winter's  production  of  fertilizer  except  what  is 
spread  directly  on  the  fields. 

120.  Horse  Bam. — For  the  powerful  horses  used  on  a  farm,  stalls  of  considerable 
strength  are  needed.  The  usual  type  is  formed  with  cast-iron  or  steel  posts  and  2-in.  oak  or 
elm  plank  sides  resting  in  channel  forms  bolted  to  the  posts.  Concrete  posts  will  not  endure 
the  effect  of  constant  kicking.  The  concrete  pavement  of  the  stall  is  covered  with  planking 
formed  into  movable  platforms  by  metal  straps  secured  to  the  under  side.  Elm  is  preferred 
for  these  platforms.  Above  the  height  of  5  ft.,  metal  guards  of  the  usual  form  are  required. 
Where  the  hay  is  chuted  down,  it  should  not  be  confined  by  the  iron  gratings,  but  allowed 
to  flow  freely  into  the  plank  manger.  Iron  oat  boxes  and  iron  edgings  to  wood  mangers 
are  desirable.  The  stalls  should  be  0  ft.  long  and  not  over  4ft.  wide  for  standing  horses  or 
less  then  5ft.  where  horses  are  to  lie  down.  The  concreted  aisles  of  horse  bams  should  be  left 
rough  to  prevent  slipping.  Deep  grooving  is  objectionable  for  cleaning.  Wood  block 
paving,  not  creosoted  sufliciently  to  be  slippery,  is  useful.  The  slanted  ways  into  a  horse 
barn  shoufH  not  slope  over  1  ft.  in  5  ft,  especially  for  brood  mares.  Harness  and  carriage 
rooms  should  be  separated  from  the  stall  room  to  avoid  the  ammonia  fumes. 

121.  Swine  Bams. — The  swine  bam  in  a  severe  climate  should  have  not  over  10-ft.  clear 
height.  It  should  face  to  the  south  to  secure  ample  sunlight.  In  mild  climates  windows  in  the 
roof  may  supplement  those  in  the  south  wall,  but  the  arrangement  is  not  suitable  for  cold 
winters.  The  bam  is  divided  into  pens  about  8  X  10  ft.  by  wood  partitions  or  iron  pipe  railings 
of  standard  type.  The  fronts  of  these  are  provided  with  swinging  feed  gates  hinged  at  the 
top.  A  wood  platform  5  ft.  square  is  laid  on  the  concrete  in  each  pen  for  the  swine  to  lie  on. 
The  building  is  ordinarily  of  frame  constmction,  warmly  built,  with  swine  doors  that  may  be 
closed  by  the  attendant.  Standard  bam  ventilation  is  necessary.  A  feed  cooking  kettle  is 
provided  in  the  feed  mixing  room  at  one  end.  The  space  in  the  roof  is  used  for  hay  storage. 
Along  the  sides  containing  the  swine  doors,  concrete  platforms  3  ft.  wide  are  extended  to  prevoit 
rooting  next  to  the  building. 


INDUSTRIAL  PLANT  LAYOUT  AND  GENERAL  DESIGN 

'    By  Harry  L.  Gilman  , 

The  design  of  a  modem  industrial  plant  is  an  important  and  complicated  problem.  From 
the  selection  of  the  site  to  the  turning  out  of  the  first  finished  product,  every  step  must  be  care- 
fully thought  out.  The  work  should  be  entrusted  only  to  an  engineer  of  wide  and  general 
experience;  to  one  who  is  constantly  taking  up  and  solving  new  problems  in  transportation, 
handling  of  materials,  routing  of  work,  power  generation  and  transmission,  fire  prevention 
and  protection,  foundations,  stmctures  and  materials.  In  addition  to  the  above  prerequisites, 
the  engineer  in  charge  should  also  have  a  good  working  knowledge  of  manufacturing  processes 
^  and  machinery  in  all  lines,  as  this  frequently  enables  him  to  approach  a  new  problem  to  better 
advantage  than  the  specialist.  But  it  should  not  be  inferred  that  the  engineer  himself  should 
have  the  complete  knowledge  necessary  to  enable  him  to  build  alone  any  kind  of  a  manufactur- 
ing plant.  In  a  chemical  works,  for  instance,  he  must  turn  to  the  manufacturing  specialist 
for  help  in  working  out  processes  and  equipment. 

The  work  of  the  engineer  in  designing  industrial  plants  is  outlined  in  a  general  way  in  this 
chapter. 
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122.  Locating  An  Industry. — ^The  engineer  will  frequently  be  called  upon  to  assist  in  the 
important  matter  of  locating  an  industry.  There  are  several  factors  which  enter  into  the 
selection  of  the  location  of  a  factory,  and  upon  which  the  engineer  is  called  to  report,  such  as 
sources  of  raw  materials,  labor,  power,  market  for  finished  product,  and  shipping  facilities.  Paper 
mills,  for  instance,  particularly  those  using  wood,  are  best  located  near  forests  and  on  rivers 
which  fiirnish  water  for  use  in  the  processes,  power  for  operating  the  machinery,  and  the  cheapest 
means  of  bringing  logs  to  the  mill.  They  must  also  have  suitable  railroad  or  other  transports^ 
tion  facilities.  In  general,  a  plant  using  large  tonnage  of  raw  material  should  be  located  near 
the  source  of  this  material.  Again,  a  plant  requiring  a  large  amount  of  power  should  be  located 
where  cheap  power  is  available. 

Industries  in  which  labor  produces  a  great  part  of  the  value,  as  in  cotton  mills,  shoe  factories,  etc.,  require  a 
good  labor  market  near  at  band  of  the  class  of  employees  desired.  For  this  reason  several  cities  have  become 
large  centers  for  special  industries,  as  Lowell,  Lawrence,  and  Fall  River,  Mass.,  in  the  textile  industry;  and  Lynn, 
Mass.,  for  shoes,  etc.  However,  some  of  the  advantages  of  such  places  as  these  have  been  lost  on  account  of  in- 
creasing labor  troubles. 

Other  industries  require  an  isolated  location  on  account  of  obnoxious  or  dangerous  fumes,  or  danger  from  ex- 
plosions; others  require  large  cheap  areas  on  account  of  the  amount  of  ground  covered.  Factories  which  consume 
semi-finished  materials,  such  as  clothing,  printing,  binding,  etc.,  use  a  large  portion  of  hand  labor  and  are  usually 
located  in  large  cities  where  labor  is  plenty.  Ordinarily  in  these  plants  the  tonnage  of  product  is  not  such  as  to 
require  the  best  shipping  facilities. 

128.  Selecting  A  Site. — ^Local  considerations  entering  into  the  selection  of  a  site  for  an 
industry  are:  transportation  facilities;  side  tracks  on  to  property  if  tonnage  is  large;  and  sepa- 
rate tracks  for  receiving  and  shipping  where  the  business  is  extensive.    The  area  selected  should 
be  ample  for  present  and  future  needs,  and  the   _____^_^__^ 
site  should  be  convenient  to  suitable  residential   M^^HMIJ  V0LJ 

sections  for  employees.     This  is  important  and     i-XXXXX ^ j^Ju_. 

many  manufacturers  are  investing  much  capital  to  pbt*//>na  Ir^lr'llrhlrh 

provide  suitable  and  attractive  homes  for  their 
employees,  with  the  object  of  reducing  the  labor 
turnover  and  improving  both  quantity  and  quality 
of  output  from  the  well-housed,  and  therefore 
better  contented  labor,  with  a  probable  reduction 
of  labor  troubles.  The  nature  of  the  land  effects 
the  construction  cost  of  the  plant.  Cheap  land 
requiring  expensive  filling  and  pile  foundations  is 
often  more  expensive  than  more  costly  land  offer- 
ing good  foundations.  Borings  and  tests  should 
be  made  and  the  cost  of  foundations  investigated. 
The  accessibility  of  public  facilities  should  be  con- 
sidered in  selecting  a  site;  as  fire  and  police  pro- 
tection, water,  gas  and  electrical  supplies,  and 
street  railways  all  have  a  direct  bearing  on  the 
problem  and  effect  efficient  operation. 
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Fig.  48. — Routing  diagram,  vitrified  grinding 
wheel  works. 


A  plant  located  in  or  near  a  large  city  has  both  advant* 
ages  and  disadvantages.  It  has  a  large  labor  market,  but 
the  labor  is  not  so  reliable  and  labor  troubles  are  more  fre- 
quent. However,  an  industry  in  which  the  labor  require- 
ment fluctuates  at  different  seasons  is  probably  better  located 
near  a  large  labor  market.  It  should  be  noted,  however,  that  the  most  efficient  employees  are  those  trained  in  the 
plant,  living  in  homes  which  they  own  and  with  surroundings  which  induce  a  feeling  of  contentment,  remaining 
year  after  year. 

124.  Preparation  of  PUns. — The  engineer  should  first  obtain  all  necessary  information  rela- 
tive to  machinery  and  processes,  quantity  of  raw  materials  to  be  handled,  and  finished  product 
to  be  turned  out.  A  flow  sheet  should  be  prepared  particularly  for  plants  where  one  or  more 
materials  pass  through  several  continuous  operations.    This  is  best  explained  by  the  example 
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(Fig.  48)  flow  sheet  for  a  plaot  for  the  manufacture  of  vitrified  grinding  wheels.  With  this 
should  be  determined  the  number,  capacity,  makee,  etc.,  of  the  various  units  of  equipment  re- 
quired. This  is  the  simplest  form  of  flow  sheet,  merely  showing  sequence  of  operations.  It  is 
followed  either  by  a  routing  diagram,  or  by  a  complete  flow  sheet  showing  tentatively  the  locit- 
tion  of  machinery  and  means  of  handling  the  material  from  one  process  to  the  next,  as  elevatoia, 


Fla,  40. — Flow  shMt  for  cnuhing  pUnt, 


it  D«  Meule*.  P»ri«, 


Wltb  tUi  flow  ih«t  and  n 


eonveyoTB,  gravity  chutes,  etc.  In  Fig.  49  is  shown  such  a  sheet  for  a  crushing,  washing  and 
roasting  plant  for  abraaivee  for  the  Compagaie  General  dea  Meulss,  Paris,  Prance.  This  flow 
sheet  determines  the  necessary  height  of  the  buildings,  and  from,  it  the  floor  plana  may  be 
worked  out,  as  shown  in  Fig.  50. 

ike  up  K  block  pUn  of  th«  propowd  plant,  with 
nketebD*  from  which  ui  ntimAto  of 

includs  t«ti  or  boriDia  of  tbs  «ai[. 
pirticululy  if  h«V¥  toundBtiong  arc 
to  be  built:  It  ii  of  grot  importaocq 
that  coats  sDd  >  pinrralidea  of  tfaa 
srrati(tjneTit  tod  opfTatioji  ahall  ba 
thorouchly  uoderatood  by  all  partlCA 

bfffq  After  work  ia  atArted. 

120.  Shipping  Facilities.— 

Ample  aide  tracks  should  be 

>  provided    both    for    receiving 

and   shipping.       Frequently   a 

separate  siding  is  installed  for 

receiving  fuel;  in  any  event  this 

should  be  so  arranged  that  coal 

iiiMinE  for  Conipa«Dls  General         may  be  Unloaded  at  the  proper 

ini,    ranoe.  point  without  interfering  with 

outgoing  material.    The  track  layout  and  block  plan  for  a 

I  Fig.  50A,  is  a  good  illustration  of  trackage  required  for  a 

I  300  tons  per  day. 


handling  of  other  incoming  c 
large  machine  works,  shown 
plant  handling  in  and  out  son 
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BCNT 


MUNROE    3T. 


Fig.  60A. 


Stchen  'A'AT  Through  Fbt^tdry 


_._JL_1._.J I 


Pia.  51. — Foundry  of  Putnam  Machine  Co. 
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a  travdUng  or  other  crane  unloading  the  iron  with  an  eleotro-magnet,  which  will  also  serve  to  load  the  same  material 
to  the  charging  platform,  as  shown  in  plan  and  section  of  the  Putnam  Machine  Company  foundry  (Fig.  61).  Other 
material  must  be  loaded  from  a  shipping  platform  alongside  the  freight  house,  which  may,  if  quantities  and  other 
arrangements  will  permit,  serve  both  for  shipping  and  receiving. 


whof  nin  shtp 


Offim 


t^zo.  52. — Mead-Morrison  Mfg.  Co. 


126.  Type  of  Buildings. — The  type  of  buildings  is  determined  to  a  great  extent  by  the 
character  of  work  to  be  done,  or  the  machinery  to  be  housed.  Plants  equipped  with  heavy 
machinery  or  making  heavy  product  are  usually  one  story  buildings;  as  rolling  mills,  large 
machine  works,  foundries,  paper  mills,  etc.  (see  Figs.  52,  53,  64,  and  55).     Heavy  machines, 


Fio.  63. — Blake-Enowlee  cylinder  shop. 


FiQ.  54. — Reinforced  concrete  machine  shop. 


erecting,  etc.,  are  located  in  the  bays  served  by  travelling  cranes,  while  the  light  machines  are 
in  the  side  bays  which  frequently  have  a  second  or  mezzanine  floor,  as  in  Figs.  53  and  54.  These 
buildings  are  well  lighted  by  windows  in  monitors  and  in  the  high  bays  above  the  roofs  of  the 
lower  side  wings.     Paper  mills  usually  have  one  story  and  basement.    The  machines  which 


KiyKI>l<Xj 


S2SZSZ 


i^hoi^ 


Pio.  66. — Putnam  machine  shop — cross  section. 

are  up  to  200  ft.  in  length  require  substantial  foundations,  and  basements  are  used  for  pumpe, 
machine  drive  shafts,  stuff  chests,  etc. 

Another  type  of  building  much  used  for  nearly  all  classes  of  light  manufacturing  is  the  one 
story  saw-to6th  bulding,  which  from  its  method  of  Hghting,  may  be  of  any  width  and  length. 
This  type  is  well  adapted  to  weave  sheds  of  textile  mills  which  require  good  lighting;  in  fact,  it 
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wsa  originally  developed  for  that  purpose.    They  are  well  suited  to  any  class  of  manufacture 
adapted  to  single  floor  operation,  where  heavy  overhead  cranes  are  not  required  and  where  the 

coat  of  land  is  not  prohibitive. 

Th«  mftDbiDe  sbopg  ahown  in  F1«B.  62  mud  &6  hsTB  a  rMmbiutioa  of  uw- 
looth  Bud  mamlor  conitructioa,  mftkint  cicellently  liihted  ahop*  of  luie  floor 
ana.  briapag  lUl  related  deportmsnta  m  cloae  aod  oonveiuent  toucb  with  eacb 
otber  iiut«ad  of  being  ia  LBolated  buiJdiiiga.  Tb«  BmaU  automobile  plant  ahown  in 
Yit.  56  ia  a  oDs-alory  coostruotlon,  saw-tot>tb  roof,  lone  apao  tnuBBs  eliminatiBc 
coliunns.  Eroupiog  oU  operatione  In  tbe  levenl  wins*  in  aoeh  manner  tbct  all  ma- 
terial flows  through  from  the  saaerabled  parta  to  the  finished  car. 

that  materiat  may  be  elevated  to  the  top  and  flow  by  cravity  from  one  proDoa  to 
aaothei.  aa  in  cruahinc  planti,  flour  and  eueor  nulh,  eto.  Multi-etory  buildinga  are 
alao  beceeaary  on  oxpenaive  city  land-  The  beigbt  of  tbe  buildings  unices  governed 
by  tb:  requirementa  of  tbe  proceeaeo,  will  be  fixed  by  tbe  nwt  of  construotian  or  by 
tbe  city  building  lawa.  Tbey  an  abo  brtUr  adapted  to  many  claBgcs  of  Indnatriea, 
aa  teitile  milla  (eicept  weave  abeda).  paper  box.  oandy,  furnitun  factorle*.  etc. 
The  Dnit  per  aquare  toot  of  floor  apace  (eisluiive  of  toundatiooa)  don  not  differ 
veatly  from  the  coat  of  one^tory  aaw-tooth  buildings.     The  total  eoet  of  eaoh  do- 


d  now  in  operation  in 

I  with  the  idea  of  givi. 

g  to  amalleT  indivirinal  Erma 

urniah  heat,  light,  and  power 

aintained,  with  a  large 

odera  fireproof  conatr 

1S7,  Loft  Buddings,  Industrial  Terminals. — This  claaa  of  buildings  erected  in  the  larger* 
cities  for  the  housing  of  several  small  industries  for  light  manufacturing  purposes,  is  usually 
designed  without  regard  to  any  particular  industry,  but  to  give  good  lighting  and  as  large  and 
unobstructed  floor  area  as  possible.  They  are  usually  OS  fireimjot  construction,  with  large 
windows  and  must  have  ample  elevator  service,  stairways,  fire  escapes  and  exits  to  provide 
safe  and  easy  access  and  egress  in  case  of  fire  or  paoic.  Am[dB  electric  lighting  and  power 
service  should  be  provided. 

The  Induatrial  Terminal,  a  development  tA  recent  yean 
of  a  large  group  of  buildings  for  manof aoturing  and  storage,  b 
all  tbe  facilities  of  the  largeet  induatrial  plants.     It  has  a  largi 

every  service  required.     The  buildings  should  be  of  ttte  mosi 

lumiahed.  The  cost  of  inaurance,  watchmen's  aervice,  fiie  protection,  teaming,  and  freight  handling  an  much 
reduced  over  that  in  the  amatler  individual  plant.  Some  of  the  larger  loft  buildings  lurniah  this  service  to  a  great 
extent.  Tbcae  buildiuss  should  be  dcaigned  with  high  ceilings,  the  greatest  possible  amount  of  window  space,  and 
a  width  of  60  to  SO  ft;     Tbe  storage  buildings  may  be  wider  if  desired. 

Ampte  elevator  service,  both  paaaenger  and  freight,  wide  stairways,  and  streets  auffieiently  wide  to  allow  good 
lighting  of  the  lower  storiea,  should  be  provided.  If  buildings  are  intended  for  tbe  ligLtat  elssa  of  manufacturing 
190  lb,  live  load  per  sq.  ft.  is  sufficient,  but  for  general  purpoaea  loads  should  not  be  rcatricted  to  lees  than  200  lb. 
per  aq.  ft.  Tbe  larger  plants,  beaida  furnishing  Unauts  with  electricity  and  heat,  also  furnish  gas  for  fuel,  steam, 
water,  and  eompreaaed  air.  all  from  tbe  central  plant  Naturally  tbtae  terminal*  must  be  located  Dear  ample  bous- 
ing area  for  employeea  and  In  large  shipping  oenteta. 

128.  Uaterlala  of  Construction. — In  selecting  materials  for  construction  of  an  industrial 
plant,  the  engineer  will  be  guided  by  the  type  of  buildings  required,  limits  of  cost,  and  local 
material  market.  For  the  multi-story  building,  reinforced  concrete  is  one  of  the  best  and  most 
economical  materials.  It  makes  the  least  expensive  entirely  fireproof  building,  and  withstands 
fire  with  the  least  damage,  as  proven  by  tbe  Baltimore  and  San  Francisco  conflagrations,  and 
the  fire  in  the  Edison  Phonograph  plant. 

The  various  systems  of  concrete  floor,  beam,  and  column  construction  are  treated  in  other 
chapters.  Outside  walls,  while  sometimes  built  of  concrete,  more  often  have  a  skeleton  of 
concrete  columns,  spandrel  beams,  lintels,  et«.,  and  panels  filled  in  with  brick,  terra  cotta  hollow 
tile,  or  cement  stucco  on  metal  lath.  It  is  desirable  for  heat  iosulation,  as  well  as  to  prevent 
moisture  working  through,  to  have  an  air  space  in  the  curtain  walls.  Sections  shown  in  Fig.  S7 
indicate  the  most  common  methods  of  constructii^  certain  walls.  Hollow  tiles  give  excellent 
insulation  and  may  be  either  plastered  outside  with  cement  mortar  (in  which  case  the  scored 
tilesforplasteringHhouldbeusedJor  smooth  face  tilemay  belaid  with  good  joints  and  left  with- 
out further  finish,  if  low  cost  is  an  object.  Another  method  is  to  lay  a  4-in.  face  of  brick,  bonded 
to  hollow  tile  backing.     These  tiles  are  made  from  2  to  12  in.  thick. 
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hollao  tile  ci 


For  Dne-ftDTV  moohlDediDiwiif  the  typcihown  (Pii.  58),  brick,  concntc 
with  eithiT  briak  or  oonirelc  pien  or  atetl  column*  focusd  in  brick.     Interior  col 
md  purlim  with  concrete  rcxjl  Blabs,  or  hesTy  limber  purlin*  with  plunk  rool.     In 

installed  gnly  on  aeegunt  oF  the  wood  roof,  the  concrete  roof  will,  u  n  rule,  be  fo 
There  are  also  Berersl  concrete  tile  *nd  gypsum  tile  rood  on  the  market  v 

of  40  ft.  ii  probably  about  the  prai^ticablo  maiimun.  for  concrete  with  30-ft.  spai 
lonterapan*  have  been  found  practicable.     Fi«.  M  abowas  machine  ihop  100  ft. 

Brick  ind  heavy  timber  buildino  of  the  lo-cailed  "alow-burninB"  conitrU' 

■re  treated  in  Beet.  3. 


•me  eitent.     Re- 


Fiu.  S7.— Spandrel  eectiol 

y  Mw-tooth  buildiiiK  i*  gi'iiiTHJiy  bu 
lOut  20  ft.,  or  columni  carry  inc  girdr 
a  elimioating  two-third*  of  the  eolui 
in  type  without  Ituasri.     Tie  roof  i 


Id  spaced  3D  to  26  ft. 


>wle>  Bran  Foundry. 

.and  either  with  long  ipan 
each  way.  Steel  trune* 
be.  aa  a  rule,  as  ineipen- 
'  plank  on  wood  purlina. 
ated  form  work  ii  rather 


139.  PoimdationB.— Care  must  be  taken  that  ToundationB  for  heavy  machinery  are  ample 
to  absorb  vibrfttiune.  If  vibratioo  in  cocEiderable,  he  in  Bteam  or  poner  hammers  or  jarring 
machines  for  foundrici,  thefoundations  should  he  separated  entirely  from  all  building  etructure« 
or  other  foundations, 

ISO.  FIooTB, — Floors  should  be  designed  to  provide  for  any  future  changes  that  may  be 
foreseen,  particularly  if  the  floors  are  of  reinforced  concrete,  and  sleeves  should  be  setin  floors 
whrre  pipes,  etc.,  are  to  run.  Conduits  should  be  properly  placed  and  openings  provided  for 
belts,  shafting,  etc.,  properly  protected,  ^liere  apparatus  must  be  taken  through  floors,  ample 
openings  and  trap  doo>B  or  removable  floor  slabs  should  be  provided. 
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131.  Lighting. — Pravision  for  lighting  should  be  carefully  worked  out,  alwaj^  remembering 
that  daylight  is  cheapest  and  most  efficient.  Windows  should  be  wide,  as  a  rale  placed  about 
4  ft.  above  the  floor  and  the  tope  as  close  to  the  ceiling  as  poHsible,  One^atory  saw-tooth  build- 
ings should  have  the  saw-tooth  windows  facing  north,  to  avoid  direct  sunlight.  Steel  sashes 
of  which  there  are  now  several  standard  makes  on  the  market,  should  always  be  considered  in 
designing  a  factory.  The  light  area  of  steel  sashes  is  80  to  90%  of  the  total  window  area,  against 
60to70%for  wooden  windows  and  frames.  The  cost  of  steel  sash  Ib  no  greater  and  ia  often  less 
than  for  wooden  windows.  Ventilation  with  steel  sashes  may  be  as  large  as  desired. '  With 
equal  care  (proper  painting}  steel  windows  will  outlast  wood.  Two  types  of  steel  window  lighting 
are  shown  in  Pigs.  60  and  60.  One  type  has  large  windows  between  brick  or  concrete  piers; 
the  other  type  has  steel  wall  columns  and  sashes  set  outside  the  line  of  columns  to  form  continu- 
ous sashes.  Artificial  lighting  is  covered  in  the  chapter  on  "  Electric  Lighting  and  Illumina- 
tion" in  Part  III,  Sect.  17. 


Fio.  59. — Sbop  with  Btecl  suh  and  brick  pilmslen. 

133.  Heating  and  Ventilation. — This  is  discussed  in  Fart  III.  However,  the  engineer 
should  use  care  in  placing  heatii^  apparatus,  to  occupy  as  little  as  possible  of  important  work- 
ing space.  The  writer  has  seen  large  heaters  so  located  in  foundries  and  machine  shops  as  to 
displace  several  important  machines,  reducing  the  production  of  the  plant  that  amount.  Care 
should  be  taken  to  see  that  pipes  do  not  interfere  with  the  operation  of  cranes  and  other  appara- 
tus. This  applies  also  to  plumbing,  compressed  air,  oil  piping,  etc.  All  piping  and  wiring 
plans  should  be  carefully  checked  with  structural  and  layout  plana  to  see  that  there  is  no  inter- 
ference.    A  composite  plan,  locating  all  apparatus  on  one  sheet,  will  assist  in  checking  clearances. ' 

1S8.  Cranes. — Attention  should  be  paid  to  obtaining  the  pfoper  clearance  and  ample 
support  for  all  cranes,  monorail  hoists,  jib  cranes,  etc.,  and  contract  drawings  of  apparatus 
should  be  checked  over  to  see  that  proper  clearances  have  been  allowed.  Shop  drawings  of 
structural  steel  work  should  be  carefully  checked  for  the  same  reason. 

134.  Conduits. — Conduits,  panel  boxes,  and  other  electrical  apparatus  should  be  located 
to  clear  other  apparatus,  also  to  secure  ease  of  operation  and  accessibility  for  repairs  and  altera- 
tions. Outlets  should  be  provided  wherever  they  may  be  needed.  Conduits  for  wires  may 
usually  he  placed  in  concrete  floors  before  pouring  of  concrete,  but  care  should  be  taken  not  to 
place  them  where  openings  may  be  made  in  floors. 

136.  Transportation. — The  handling  of  materials  (raw,  finished,  and  in  process)  is  a  sub- 
ject wbich  requires  careful  study.  Handling  by  manual  labor  is  generally  the  most  costly 
method.  Conveyors  should  be  installed  wherever  they  will  displace  sufiicient  manual  labor 
to  warrant  the  investment,  and  this  must  be  determined  by  the  engineer  in  each  case.  Fre- 
quently plants  requiring  continuous  operation  may  utilize  gravity  for  a  large  part  of  the  hand- 
ling, as  indicated  by  flow  sheet  of  the  Abrafiive  Crushing  Plant   (Fig.  49). 

vBton.  bolt.  acTApflrp  Acrew  conveyorfl.  ctu.     Loffe,  vood,  bftfi, 
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Fia.  81. — Plan  of  buement.  Bl«ke-Knowl«  bnwa  foundry.  Cimbridge,  Mua. 


'E'LadM hta/tr  '    '  L  3  tin iIkM!: he/tf  lit  m 

r  OfjIX'/tmrni/leJirring  rjisxUnt 

Fio.  S2. — PIku  of  firat  floor,  BUke-Knawle*  biua  foundiy,  Cunbridca.  Mh>. 
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Anotber  imiwrtant  Ubor  Mvloc  ■ppHance  ia  th*  tlevktiiic  tnick,  of  which  there  are  no*  muiy  on  the  multet. 
Theee  ue  lued  in  f ftctorin  of  kll  kiudi,  material*  in  prooeaa  beiua  piled  on  movabla  plaUormi  or  raeka,  ao  elevatinc 
truck  backed  under,  the  load  raiaed  liom  tha  floor  and  moved  on  to  the  out  operation,  or  wherever  di^red.  Btcd 
core  oven  racks  bnilt  ao  u  to  be  handled  by  theaa  traoka  have  proved  a  vei?  effideot  syitem  in  at  leaat  one  large 
laundry  iaataUatton  dcalsned  by  the  writer. 

IM.  Fire  Prerentioii  and  Fire  ProtecUon. — Importaot  considerfttiona  in  the  design  of 
induBtrial  plants  are  the  prevention  of  fires  and  tbeconfining  of  fires  which  do  start  to  the  emali- 
eat  poeeible  areas.  The  foUowingfrom  a  pamphlet  of  the  Factory  MutuallnsuranceCompanies 
are  excellent  rules  to  follow,  whatever  the  claas  of  building: 


Fla.  S3.— Plan  of  h 


d  floor,  Blake-Knowlea  braai  foundry.  Cambridce,  Maaa. 


Fio.  M,- 


1,  Blake-Kno 


u  laundry,  CambridKc,  Maa 


Haiardous  p[ocM>»  ihould  be  located  in  detached  buildinfi.  orinroomi  eut  off  from  the  remainder  of  the 
buildincB  by  fire  walla.  BuilditicB  of  large  area  ahouLd  be  divided  by  fire  waUi.  capecially  when  cootaiainc  oom- 
biutible  oateiiall.  in  order  to  limit  (he  extent  ol  any  fire  that  may  atart.  Although  reinforc^ad  concrete  con- 
•Ituotion  can  withaland  a  aevere  fire  without  ercat  damage,  an  automatic  aprinkler  ayatem  with  adequate  water 
supply  ia  ncoeaaary  to  proteet  (be  coDtenta,  if  combuatible.     Bprinkkn  will  e^tinguiah  gr  control  moat  Grea  at  the 

tcrior  door  opening!  protected  by  fire  doon.  and  window  opcnioge  proteoted  by  wired  glaaa  in  metal  franiea,  Ihut- 
ten,  or  open  ^ninUera,  or  by  a  combination  of  tbeae,  deitendint  on  charaotet  of  buitdingi  and  aeverity  o(  eipoeure. 
£iperienae  ahowa  that  in  coocrete  conatruction,  cornera  are  a  aource  of  weaknaa  when  eipoaed  to  fire,  and 
ihould  be  avoided  wherever  poaaible.     The  roiknd  column  ia  the  batter  dtaign. 

137.  Pluming  For  Future  Growth. — One  very  important  point  for  the  engineer  to  consider 
in  designing  an  industrial  plant  is  provision  for  future  growth.  AH  departments  should  be  so 
designed  when  possible  that  they  may  be  enlarged  at  any  time  with  the  least  expense  and 
interference  with  operation  of  the  plant.  The  plan  of  the  paper  board  mill  (Fig.  65)  is  an 
example  of  plant  design  with  a  view  to  future  growth,  even  to  four  timee  ite  present  capacity, 
without  disturbing  the  present  arrangement  nor  interrupting  the  operation. 
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ThepteBent  plant  lues  only  waste  paper  stock  aad  maken  a  common  grade  of  "New  Board," 
some  wood  fiber  bang  used  far  liners  or  outside  surfacea  to  atrengthen  board  for  making  heavy 
packing  cases.  Provision  has  been  made  for  a  future  rag  house  for  preparing  rags,  sortin;, 
duating,  cutting,  and  boiling,  ready  for  the  beater  room.  A  new  piq>er  machine  of  the 
Fourdrinier  type  will  be  inatalled  in  the  present 
machine  building,  for  making  higher  grade  or  rag 
papers.  Provision  is  made  for  eittending  power 
house,  beater  room,  a  new  machine  room,  and 
finishing  room,  and  in  these  can  be  added  two 
more  paper  machines  with  the  other  equipment 
required,  of  such  type  as  will  fill  the  demands  of 
the  market.  While  the  present  capacity  is  76 
tons  per  day  the  additions  will  bring  the  capacity 
up  to  150  or  300  Ions  per  day,  depending  on  the 
class  of  machinery  installed  and  the  kind  of  paper 
produced. 

1S8.  Power  Plants. — The  determination  of 
power  requirements  in  general  is  usu^ly  fixed  by 
the  location  of  the  industfy.  As  stated,  some 
industries  require  large  amounts  of  cheap  power 
and  BO  are  located  where  water  power  is  available, 
either  by  purchase  from  a  power  company  or  by 
:  the   construction    of    a    hydraulic    power    plant. 

L  other  plants,  if  quite  extensive  or  if  isolated,  have 

F,a.  8a.-P.perT«rdmiU-bIockpUD.  '*»^^   <''™  «*«*"    P'"nt3,    and   many   smaUer  or 

moderate  sised  ones  buy  their  power  from  a  local 
electric  company.  The  deugn  of  power  and  lighting  facilities  requires,  first,  careful  study 
of  power  requirements;  that  is,  amount  of  power  required  and  how  it  is  to  be  distributed, 
'whethra  by  line  shafting  belts  and  gears,  direct  from  the  engines  or  water  wheels,  or  by  elec- 
tric motors.  In  most  industrial  plants  today  electric  current  is  distributed  about  the  plant  by 
wiring  system,  and  machines  are  driven  either  singly  or  in  groups  by  motors.     Alternating 
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current  with  induction  motors  ia  most  used  for  constant  speed  drives  on  account  of  th«r  mm- 
plicitj  and  durability  and  freedom  from  sparking.  For  travellii^  cranes,  hoists,  and  machineB 
requiring  variable  speed  drive,  direct  current  motors  are  used  more  frequently  at  present. 
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4200  hp.  boiler  houK 


ntent,  dupead  on  th*  uaonnt  of  Itnin  used  (or  hemtini  Bod  otbtl  purpoKS.  In  gooie  csm*  kd  ur  mmprewot  ia 
in»ta1]«d  in  the  power  pUnt  had  Domprewed  ur  piped  to  the  buiidinga.  Proper  hnd  Hmple  coa\  mton^t  and  huidk- 
ing  (aeilitia  ihould  bs  iruUlled.     The  luual  tyiie  of  power  houHa  is  ihown  in  Fica.  6S,  67.  &Dd  OS. 

Pig,  Se  ihowi  crm  Bntlona  o{  a  ■tum  pomi  ptaot  oC  1600  kv.  enpacity,  with  1200  hp,  of  wkter  taba  boilsn. 
There  arc  two  750  kw,  turblna  with  condenuns  equipmant.  The  turbinea  are  on  the  meuanina  floor  whidi  i* 
■erred  by  a  A-ton  travelling  orane.     Auciliary  nuiehineryi  with  a  IDOO  o.f.m,  air  ooraprevor,  ia  oD  the  ground  floor. 

Pig.  67  ahowa  a  typioal  boiler  houae  with  a  double  row  of  water  tube  boilen  faoing  a  oeutar  alale.  ovcrhtad 

Where  spaoe  a  limited,  Tertieal  water  tube  or  the  Manning  type  bdJers  are  treqaeotl]'  installed,  oa  in  Fig.  68, 

where  the  width  hu  been  reduoed  to  30  to  39  f  1. 1  and  even  kaa  U  pouible.     The  oTerhead  ooal  banker  Id  a  boiler 

house  calli  for  aubatantial  nonatruotion  and  the  Inatallation  of  alevatilig  and  ooDvering  machinery  for  handling  eoal. 

There  are  leveral  type*  ol  bunken  of  mnforMd  ooDOrets  Barried 

on  atnl  eolumna,  while  that  in  Fig.  68  it  a  steal  suspension  bunker 

lined  with  loncrete.     Is  Fig.  60  ia  ihown  a  large  oonorete  soal  poeket 

uf  S0OOtanB<iapacity,3O0  ft.  loog.  dtaigoed  logiveadditionalitarage 

oapaeity  to  the  plant  shown  in  Fig.  67. 

139.  Hetal  Working  Industilea. — The  metal  working 
industries  axe  probably  the  moat  important  as  well  sa 
th«  most  varied  of  the  industriee.    The  industrial  engi' 
near  is  interested  particularly  in  machine  works,  foun- 
dries, and  factories  producing  metal  gooda  from   the 
semi-finished    material.      Machine    works    are  usually   . 
housed  in  a  group  of  buildings,  each  one  designed  eepe-       Fio,  eo.~ 
cially  for  its  particular  department.     The  iron  or  stoel    o'oocro-- 
foundry  is  practically  always  in  a  one-etory  building  with    po^l"'- 
one  or  more  bays  or  aisles  of  sufficient  height  to  contain  travelling  cranes  for  handlii^ 
heavy  flasks,  ladlee  and  castings,     lliere  should  be  sufficient  clearance  under  the  crane 
hook  to  allow  of  turning  the  largest  flasks  to  be  used.      The  melting  department  is  usually 
in  the  center  of  a  side  bay  with  a  charging  floor  at  the  pnq>eT  height  for  charging  the  cupola. 
The  foundry  building  shoold  be  of  fireproof  construction,  and  provide  for  ample  light  and 
ventilation  to  remove  troubleeome  fumes  and  smoke. 

140.  Foundries. — Much  of  the  manual  labor  formerly  required  in  foundries  has  been  dis- 
placed by  modem  machinery  and  appliances.  Molding  machines  are  made  suitable  for  practi- 
cally alt  small  or  moderate  siied  work ;  in  fact,  the  writer  has  installed  turnover  mxilding  maobitiee 
up  to  44  X  56  in.,  and  larger  sixes  are  made  and  used  sueoeesfully.  Jarring  machines  may  be 
installed  up  to  10  ft.  square  or  larger,  aavii^  much  labor,  and  allowing  of  a  greater  taimage 
production  per  square  foot  of  molding  floor.  Careful  study  should  be  given  the  problem  of 
handling  materials.  In  iron  and  steel  foundries  the  pig  iron  and  scrap  should  be  stored  where 
it  is  easily  accessible  to  a  travelling  cranewithelectro-magnet,  or  other  means  to  place  themetal 
as  required  directly  on  the  charging  floor. 

In  the  Putman  Foundry  (Fig.  51)  a  gantry  crane  serves  to  unload  metal  from  the  cars  to 
pile  it  in  the  yard,  and  also  to  load  small  dump  cats  on  the  cupola  charging  floor.  Coke  is 
handled  by  the  same  crane  with  a  grab  bucket.  Molding  sand  should  be  stored  where  it  will 
require  the  least  amount  of  shovelling  and  wheeling.  A  mixing,  tempering,  and  screening 
machine  should  be  installed,  where  it  may  be  used  for  screening  the  used  sand  and  mijdng 
new  and  used  sand  in  proper  proportions.  Conveying  machinery  will  usually  be  found  a  good 
investment  for  handling  the  molding  and  core  sand.  The  economical  handling  of  sand  is 
illustrated  in  the  plans  and  description  of  the  Blake-Knowles  Brass  Foundry  (Figs.  61  to  64 
inclusive). 

An  allotment  of  space  for  tbe  various  departments  id  a  foundry  will  be  detetmined  by  lbs  ehaiaetet  of  the 
work.  Metal  and  fuel  atotage  is  usually  outside  tbe  boihliug.  if  the  metal  ia  iron  or  steel,  and  as  slated  before,  con- 
Tenieot  to  the  cupcda  and  furnaoa  charging  floor.  Brass  and  other  oostly  mstala  abould  be  stored  where  only  the 
tuinaee  man  or  other  autboriied  penon  haa  aoctas  to  them.  The  melting  department  should  be  plaeed  both  with 
rcterenBe  to  the  storage  of  raw  materials  aod  to  the  handling  of  moltSD  metal  to  the  molding  floor.  Fn  heavy  east- 
ings the  cupola  should  ha  ao  placed  as  to  run  the  metal  into  a  Udle  held  by  tbe  travdling  crane  whkb  will  otrry  it 
directly  to  the  mold, 

Ueually  the  heavy  molding  is  done  in  a  central  bay  which  is  served  by  travelling  cranes  for  handling  flasks  and 
meUl.     The  light  irDrk  ia  uaually  done  in  aide  aialea  u  bayi  which  will  be  equipped  with  such  molding  machines 
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Fia.  70.-^Cro«a  section  of  reinforced  concrete 
machine  shop  with  high  crane  bay. 


as  the  eharaoter  of  the  work  demands.  The  tide  bays  should  be  served  by  light  travelling  cranes  or  monorajl 
system. 

The  core  shop,  with  the  core  ovens,  is  usually  located  in  a  tide  bay  <a  wing.  It  is  well  to  so  locate  the  core  shop 
that  the  ovens  may  include  one  or  more  large  ones  directly  aoceesible  to  the  main  molding  floor,  for  drying  out  large 
loam  molds.  The  core  shop  in  the^^Blake-Knowles  Brass  Foun^  (with  core  sand  mixer  in  the  basement,  and  ele- 
vatOT  bringing  the  sand  either  to  the  first  floor  or  to  the  women's  core  shop  on  the  mesianine  floor)  is  well  arranged. 
In  many  cases  a  separate  core  shop  for  small  cores  to  be  made  by  women  has  been  installed  with  good  success,  as 
in  the  one  noted;  Ample  core  storage  and  iMbttem  layout  space  should  be  provided,  convenient  to  the  molding 
floor. 

Toilet  rooms,  ample  and  convenient,  with  lavatory  and  shower  bath  equipment,  are  important  and  are  re- 
quired by  law  in  some  states,  as  are  also  individual  lockers  for  the  men. 

The  cleaning  dquurtment  is  the  one  most  frequently  neglected  or  insufficiently  provided  for.  Its  sise  and 
equipment  depend  much  on  the  class  of  work  done.  One  <a  more  sand  blast  rooms  are  required,  and  provision 
should  be  made  for  handling  heavy  pieces.  This  d^;>artment  should  be  located  nearest  to  the  machine  shop,  as 
castings  are  usually  taken  directly  there  for  finishing. 

141.  Machine  Shdps. — The  design  of  machine  shops  depends  much  on  the  character  of 
work  to  be  handled.    Shops  producing  heavy  machinery  should  be  one-story  buildings  served 

by  travelling  cranes,  as  in  Figs.  52,  53,  54,  and  55. 
Fig.  52  shows  a  complete  plant,  producing  coal  and 
ore  handling  machinery  of  the  heaviest  type.  The 
machine  shop  of  this  plant  is  215  ft.  wide,  with  five 
bays,  three  of  which  are  served  by  travelling  cranes. 
All  machine  tools  as  well  as  erecting,  finishing  and 
shipping  departments  are  in  this  building,  tracks  into 
the  building  bringing  in  ca|(tings  and  shipping  the 
finished  machines.  The  building  is  lighted  by  large 
steel  sash  in  walls,  monitors,  and  saw-tooth  windows. 
The  plate  shop  is  also  arranged  for  efficient  handling 
of  materials  from  the  cars  in  the  end  of  the  building,  to  and  from  the  machines. 

Fig.  53  shows  section  of  a  machine  shop  for  handling  only  heavy  work,  and  requiring  very 
limited  space  for  small  tools,  office,  tool  room,  etc.  Fig.  54  is  a  reinforced  concrete  machine 
shop  for  the  average  work.  This  is  an  economical  type  of  structure;  the  center  bay  is  lighted 
by  saw-tooth  windows  and  the  side  bays  have  two  floors  well  lighted  by  side  windows.  Wider 
spans  than  those  shown  will  not,  as  a  rule,  prove  practicable  in  reinforced  concrete.  Fig.  55 
shows  a  cross  section  of  a  machine  shop  of  the  Putnam  Machine  Company,  where  light  and 
heavy  machine  tools  are  produced  and  where  the  lighting  \s  excellent  in  a  wide  building  housing 
all  d^artments  conveniently. 

Before  determining  the  type  of  building,  a  machinery  layout  should  be  prepared.  Cardboard  templates  of 
machines,  out  out  to  the  scale  of  the  plan  to  be  made,  will  be  of  assistance  in  making  the  layout.  With  these,  aisles, 
storage  spaces,  and  machine  locations  can  be  determined.  Heavy  machines  should  be  placed  where  they  may  be 
served  by  cranes,  and  light  tools  in  side  bays.  Ample  space  should  be  allowed  for  passage  and  for  storage  of  waiting 
and  finished  material  near  the  machines.  The  tool  room  should  be  placed  where  the  least  amount  of  travel  will  be 
required  of  the  employees. 

It  should  be  remembered  that  castings  must  come  in  from  the  foundry,  usually  first  to  planers  and  then  on 
through  the  operations  of  boring,  milling,  drilling,  etc.,  to  the  erecting  shop.  Also  forgings  are  brought  from  ^e 
forge  shop,  and  shafting  and  bar  stock  from  storage,  and  these  all  go  through  the  necessary  operations,  all  finally 
going  to  the  erecting  shop,  or,  in  the  case  of  smaller  parts,  perhaps  to  sU^age  for  finished  parts.  It  is  common  prac- 
tice to  use  one  end  of  the  machine  shop,  where  the  heavier  work  is  done,  for  erection  of  the  machines.  This  holds 
true  only  with  the  heavier  machinery  requiring  travelling  cranes  for  handling.  Light  machines  or  metal  prod- 
ucts, as  phonographs,  sewing  machines,  etc.,  usually  have  a  separate  room  or  building  for  assembling  and  ereotion. 

Works  for  the  manufacture  of  lighter  machinery  or  apparatus  from  metal  may  be  of  the  one-st<n'y  saw-tooth 
construction  type  covering  large  areas,  or  multi-story  buildings  of  many  types.  However,  the  tendency  has  been 
fo  build  substantial  plants  of  the  best  type  of  fireproof  construction,  as  usually  the  value  of  material  housed  from 
raw  to  finished  product  is  several  times  that  of  the  buildings,  so  that  reducing  the  fire  hasard  not  only  gives  greater 
security  but  saves  heavy  insurance  expense.     Many  plants  use,  or  require,  both  one-story  and  multi-story  buildings. 

142.  Forge  Shops. — Forge  shops  are  one-story  buildings  with  ample  means  for  ventilation 
and  the  removal  of  smoke.  Heavy  hammers  should  have  foundations  separate  from  the  struc- 
ture, and  should  be  placed  convenient  to  the  heating  forge.  Trusses  supporting  the  roof  should 
be  designed  to  carry  the  top  bearing  of  jib  cranes  which  serve  hammers  and  forges.    Fig.  71 
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shows  a  good  design  for  fotge  shop,  the  sloping  sides  of  tke  monitor  having  top  hung  continuous 
steel  sash,  for  ventilation  as  well  as  good  lighting. 

143.  Pkittem  Shops. — The  pattern  shop  and  pattern  storage  are  sometimes  in  the  same 
building,  but  usually  the  pattern  storage  building  is  an  isolated  fireproof  building  on  acoount 
of  the  valuable  and  inflammable  nature  of  its  contents.  The  value  of  the  patterns  may  not  be 
great  but  the  loss  occasioned  by  the  time  required  to  replace  them  might  be  extremdy  heavy. 
The  pattern  shop  is  merely  a  small  wood  working  shop  equipped  with  machines  and  benches 
for  the  pattern  makers,  and  may  be  a  separate  building  or 
a  room  in  a  single-story  or  multi-story  building,  but  it 
should  be  well  lighted,  and  means  should  be  provided  for 
continuous  removal  of  wood  shavings  and  waste,  which 
being  from  dry  lumber,  is  of  an  inflammable  character. 

Paint    shops    and    storage    and    shipping    buildings        Cn?»  Section  of  Pbrge  Shop 
should    be   designed   to   suit   the   requirements   of    the  p^^  ^^ 

materials  or  uses. 

144.  Wood  Working  Shops. — Some  machine  works  require  extensive  wood  working  shops, 
and  in  general,  the  rules  for  design  of  machine  shops  apply  to  these,  except  that  as  a  rule  no 
travelling  cranes  are  required.  Planing  mills  and  railroad  car  shops  are  generally  housed  in  one- 
story  buildings,  except  that  the  lighter  work  may  be  done  in  two  or  three-story  buildings.  The 
lumber  passes  through  different  operations,  as  does  iron  and  steel  in  machines  shops.  There  is, 
however,  the  imx>ortant  difference  that  the  inflammable  character  of  the  material,  as  well  as  the 
value  of  the  product  in  proportion  to  the  space  required  for  the  work,  does  not  as  a  rule  justify 
the  expenditure  for  costly  fireproof  buildings.  The  practice  most  justified  seems  to  be  to 
buUd  wood-working  shops  at  least  partly  of  wood,  and  then  use  every  means  to  prevent  fires 
and  to  promptly  extinguish  them  when  they  do  start.  Proper  exhaust  or  blower  systems  should 
be  installed  for  removing  sawdust  and  shavings  as  fast  as  they  are  produced.  Different  de- 
partments should  be  divided  by  brick  fire  walls  and  be  in  isolated  buildings,  the  finished  prod- 
uct being  in  storehouses,  which  should  be  fireproof  if  possible.  Automatic  sprinklers  in  all 
buildings,  hose  houses,  and  yard  hydrants  with  a  firesquad  trained  for  prompt  action  in  case  of 
fire,  are  the  best  means  of  preventing  loss. 

146.  Pulp  and  Paper  Mills. — Wood  pulp  and  chemical  fiber  mills  require  a  large  amount 
of  power  and  water,  and  also  consume  large  quantities  of  wood;  hence,  they  are  as  a  rule  located 
convenient  to  the  lumber  supply,  on  rivers  which  furnish  not  only  water  for  use  in  the  processes, 
but  power  and  a  means  of  bringing  logs  from  forest  to  mill.  Chemical  fiber  mills  require  spec- 
ially designed  structures;  for  instance,  sulphite  digester  buildings  are  140  to  170  ft.  high  and  of 
heavy  construction,  usually  brick,  with  a  steel  frame.  The  substructure  of  grinder  houses  and 
wood  mills  usually  contains  water  wheels  directly  connected,  or  belted  to  the  machines.  Other 
buildings  are  usually  of  brick  mill  construction,  with  rather  heavy  floor  loads  (200  to  300  lb.  per 
sq.  ft.). 

The  beater  building  is  of  two  or  three  stories.  Those  using  rags  or  waste  paper  have  sorting  and  cutting  de- 
partments on  the  second  floor;  beaters,  mixers,  Jordan  engines  on  the  first  floor;  and  stufF  chests  in  the  basement. 
Concrete  is  an  .excellent  material  for  at  least  the  basement  and  first  floor  of  this  building,  on  account  of  the  amount 
of  water  used,  and  the  fact  that  floors  are  likely  to  be  continuously  wet.  The  machines  are  heavy  and  require  ample 
support;  otherwise,  floor  loads  are  not  heavy.  The  machine  room,  containing  the  paper  machine  or  machines,  is 
usually  one  story  and  basement.  A.  machine  room  for  two  machines  should  be  60  to  75  ft.  wide,  depending  on  ths 
width  of  machines.  Length  varies  with  the  machines,  which  may  be  150  to  225  ft.  long.  The  roof  is  carried  on 
trusses  and  should  have  monitors  and  ventilators  for  the  removal  of  steam  from  the  drying  oylindrav. 

The  finishing  building,  usually  a  continuation  of  the  machine  room,  contains  machinery  for  cutting  the  paper 
into  sheets,  or  slitting  and  rewinding  into  smaller  rolls. 

Paper  warehouses  must  be  designed  to  carry  heavy  loads,  ranging  from  300  to  500  lb.  per  sq.  ft.  of  floor,  and  in 
one  case  in  the  writer's  experience  a  mill  storehouse  was  loaded  with  750  to  800  lb.  per  sq.  ft.,  the  paper  being 
piled  in  rolls  from  12  to  15  ft.  high. 

146.  Chemical  Industries. — Chemical  industries  are  so  varied  that  only  a  general  treatment 
can  be  given  here.  As  a  rule,  the  buildings  are  one  story  except  those  in  which  gravity  may  be 
used  for  handling  the  materials  in  continuous  operation,  simUar  to  the  abrasive  crushing  plant 
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shown  in  Fig.  49.  Some  plants  raquire  small  buildings  isolated  for  certain  processes,  on  ac- 
count of  the  dangerous  character  of  the  contents  or  obnoxious  fumes.  Some  buildings  require 
all  iron  work  to  be  heavily  protected  from  the  corrosive  action  of  fumes  or  liquids.  Most  of 
these  buildiogB  must  be  designed  with  special  reference  to  the  apparatus  which  they  are  to  house. 
147.  Tezme  Hills. — The  design  of  cotton  and  woolen  milla  has  been  stand&rdiied  to  & 
great  extent,  on  account  of  the  alight  variation  in  theproceae  of  making  any  grade  of  cotton  cloth 
or  woolen  goods.  Each  department  contains  a  group  of  a  few  to  hundreds  of  identical  macbinee, 
all  of  which  are  arranged  in  a  certain  definite  manner.  IVirtbenuore,  all  makee  of  textile  ma> 
clunes  vary  little  in  dimensions.  The  drive,  usually  by  motors  running  groups  of  machines, 
presents  little  difRculty.    Space  will  not  allow  a  description  of  processes  and  layout. 


Fio.  72.— Block  plan  of  « 


Fio.  73. 

Textile  iniU  buildings  are  generally  three  or  more  stories  in  height  and  of  good  width — 60 
to  125  ft  One  exception  ia  the  weaving,  which  in  many  modern  mills  is  housed  in  a  one-story 
aaw-tooth  building,  on  account  of  the  better  lighting  which  is  important  in  this  operation.  The 
floor  loade  in  textile  milla  are  light,  the  actual  load  on  some  floors  being  not  over  30  to  401b.  per 
aq.  ft.,  and  rarely  over  7.5  ft.  per  sq.  ft.  on  any  floor. 

BtiFk  wAltsirithhAvy  timbulrune  unci  plunk  flpon  ftnil  roof  (known  u  "Mill  ConitructJOD")  an eoonotnical, 
durible,  and  command  a  low  insuraocB  rata.  However,  some  meBt  millg  have  been  cooitruoMd  of  reinforFrd 
concrete  lad  have  proven  very  satiafactoTy,  although  opiniDDs  diUfr.  lome  claiminc  that  the  duat  and  ricidity  of 
the  atructuTB  ihorten  the  life  of  niachmery.     The  concrete  floor  dnca  not  pr«ent  an  idial  working  ■utfaoe  for  xbr 

StorehouBca  lor  cotton  in  bi1«,  whpre  (round  is  available,  are  usually  anivstary  brick  with  mill  conatruetioD 
roof,  well  prDtFOtnl  by  autDniHUc  >prinklm.  Thne  buildiniiB  are  uaually  100  ft.  wide  sad  divided  by  fire  vails 
into  50-ft,  sections.  A  standard  cotton  storehouse  is  shown  in  aecttoa  in  Fig.  73.  Wben  large  capacity  i«  re- 
quited in  small  space  the  cotton  Btoreliouse  msy  be  eilhpr  of  mill  conatruction  or  reinforced  concrrtfc  tha  former  4 
to  S  ttorics  high,  and  the  lattrr  as  mucb  as  10  stDriea.     The  height  of  each  etorj'  ia  usually  about  S  It.  From  floor  Id 
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Figt.  72  and  73  show  a  typioal  cotton  miH  with  all  operatidna  in  one  building  125  X  698  ft.,  with  one-story 
storehouse  serving  both  for  cotton  and  finished  goods  storage. 

148.  Shoe  Factories. — In  general,  the  same  construction  is  used  for  shoe  factories  as  for 
textile  plants,  except  that  the  buildings  are  usually  not  so  wide.  On  account  of  the  lighting 
required  for  nearly  all  processes,  40  to  50  ft.  is  about  the  proper  width.  Floor  loads  are 
generally  150  lb.  per  sq.  ft.,  and  the  buildings  vary  from  3  to  6  stories  in  height.  Fig.  74 
shows  a  shoe  factory  of  reinforced  concrete,  consisting  of  a  main  building  with  wings,  all  of 
flat  slab  construction. 


1 


T 


MombtMing 
FiQ.  74. — Concrete  shoe  factory 


STANDARDIZED  INDUSTRIAL  BUILDINGS 
By  Chas.  D.  CoNKiiiN,  Jb. 

149.  Origin. — The  trend  of  the  great  industrial  organizations  for  the  past  few  years, 
throughout  the  world,  has  been  toward  a  standardization  of  output.  Even  before  the  recent 
war  produced  such  enormous  demands  for  vast  quantities  of  products,  the  large  industries 
realized  that  ''standardization"  was  the  solution  of  many  difficult  problema  of  production.  A 
new  significance  was  given  the  principle  of  standardization  by  the  great  and  hurried  demands  for 
all  classes  of  material  growing  out  of  the  war.  It  is  now  a  well  established  fact  that  in  all 
lines  of  industrial  enterprise,  standardization  of  methods,  parts  or  complete  products  results 
in  both  economical  and  increased  quantity  production. 

Noting  the  success  of  the  motor  companies  and  other  manufacturing  organisations  through  their  standardised 
products,  pioneers  in  building  construction  conceived  the  idea  of  standardised  industrial  or  factory  buildings.  Here- 
tofore, it  had  been  the  practice  to  design  a  special  building  for  every  requirement,  the  result  being  an  enormous 
amount  of  detail  work  and  expense  for  each  construction  job.  While  some  of  this  detail  worlc  and  expense  was 
necessary  for  very  special  problems,  the  greater  part  could  have  been  eliminated  by  the  use  of  standardised  build- 
ings designed  to  meet  the  average  requirements  of  many  industries.  The  result  of  the  study  of  these  pioneer 
builders  was  the  production  of  a  series  of  standard  designs  from  which  it  was  believed  that  by  a  careful  selection, 
most  requirements  of  industrial  building  could  be  met.     There  are  cases  of  building  construction  which  require 
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speoial  deaicD  and  Btudy  to  produce  the  best  results,  and  in  which  the  use  of  s  stftudardlsed  buildJns  is  rndTissble. 
butl>y  far  the  greater  percentage  of  industrial  construction  may  be  economically  and  rapidly  accomplished  by  the 
use  of  standardised  products. 

150.  Types. — ^There  are  two  types  of  standardized  buildings  in  extensive  use  at  the  present 
time.  The  first  t3rpe  consists  of  the  permanent,  substantial,  up-to-date  building  designed  for 
heavy  service  over  a  period  of  years.  They  embody  all  the  features  of  the  best  types  of  modem 
building  construction.  The  second  type  consists  of  the  lighter,  cheaper  form  of  construction 
which  might  be  termed  portable  buildings  and  which  are  intended  more  for  temporary  occu- 
pancy rather  than  permanent  use.  With  proper  care,  the  second  type  will  last  for  years  and 
fulfill  every  requirement  usually  e.xpected  of  the  light  steel  mill  building. 

151.  General  Design. — In  the  design  of  both  types  of  standardized  buildings  described 
above,  the  object  sought  was  to  produce  a  series  of  buildings  which  would  meet  the  require- 
ments of  the  average  industrial  enterprise.  Widths,  dear  heights,  units  of  length,  kinds  of 
material,  loading,  arrangement  of  lighting  and  ventilating  sash,  and  many  other  problems  were 
carefully  studied  and  averaged,  so  as  to  obtain  finished  designs  which  would  suit  most  condi- 
tions. Basic  building  units  were  designed  which  admit  of  the  greatest  flexibility,  thus  permit- 
ting their  use  in  numerous  combinations.  Spans,  spacing,  and  general  arrangement  were  so 
selected  as  to  use  materials  up  to  their  safe  limit,  thus  securing  a  minimum  of  waste  and  an 
economical  design. 

152.  Standardized  Method  of  Construction. — The  following  description  is  taken  from 
the  catalog  of  The  Austin  Company  of  Cleveland,  Ohio,  a  pioneer  company  in  the  construction 
of  standardized  factory  buildings.  The  method  of  this  company,  known  as  '^The  Austin 
Method, "  consists  of  the  following : 

A  method  of  erecting  permanent  and  substantial  factory  buildings  in  the  fewest  number  of  working  days, 
eliminating  by  standardisation  and  quantity  production,  delays  otherwise  unavoidable. 

A  method  which  provides  for  various  industrial  tjrpee  of  construction  by  standardized  designs  and  specifica- 
tions.    The  time  ordinarily  required  for  the  preparation  of  special  plans  is  saved. 

A  method  of  preconstruotion  work  which  prepares  and  holds  stocks  of  fabricated  steel,  steel  sash,  roofing, 
lumber,  and  other  materials  at  strategic  points  and  delivers  them  to  any  job  with  dispatch. 

A  method  of  figuring  costs  which  places  the  production  of  industrial  buildings  on  a  definite  price  basis  by  tump 
sum,  cost  plus  percentage,  or  cost  plus  fee  contracts. 

A  method  which  delivers  a  thoroughly  satisfactory  building,  meeting  every  requirement  of  the  business,  with 
the  least  expenditure  of  tl^e  owner's  time  and  money. 

153.  Advantages  of  Standardized  Construction. — One  of  the  principal  advantages  of 
standardized  buildings  lies  in  the  time  saved  over  usual  methods  of  construction.  Economy  in 
time  means  economy  in  labor  and  capital  because  of  the  shorter  period  during  which  labor  and 
capital  will  be  tied  to  one  job  and  because  of  the  hastening  of  production.  Balling er  and  Perrot 
of  Philadelphia,  describe  their  standardized  buildings  as  "Quick-Up"  buildings,  a  term  well 
chosen  to  point  out  their  chief  advantage  over  usual  construction.  Plans  and  specifications 
have  been  prepared  well  in  advance  of  construction  and  the  time  ordinarily  required  for  special 
architecture,  engineering,  preparation  of  designs,  plans,  estimates  and  other  matters  of  detail 
is  saved.  Practically  all  preliminary  work  is  eliminated  and  construction  work  can  be  started 
immediately  upon  awarding  of  contract.  All  essential  materials  required  for  the  standardized 
building  are  carried  in  stock  and  are  ready  for  immediate  shipment  and  can  be  sent  to  the  job 
with  little  or  no  delay.  Material  lists  for  all  minor  materials  not  in  stock,  are  already  prepared. 
Continuous  contracts  are  usually  carried  with  material  contractors  for  such  and  all  materials 
can  thus  be  readily  supplied  to  the  workmen. '  By  purchasing  materials  ahead  of  const^ctiop 
and  carrying  same  in  stock,  the  builder  is  able  to  buy  to  much  better  advantage  during  periods 
of  low  market  price,  thus  permitting  more  economical  construction. 

Again,  workmen  are  trained  in  every  step  and  branch  of  standardized  buildings.  They 
know  every  move  to  make  and  make  few  useless  ones.  The  scheme  of  construction  has  been 
worked  out  to  perfection  so  that  all  operations  are  coordinated  and  several  trades  work 
together  at  the  same  time  without  undue  interference.  The  workmen  do  not  need  to  spend 
useless  time  studying  plans  and  specifications  as  they  are  perfectly  familiar  with  the  work  at 
hand  due  to  their  training  in  standardized  building  construction.     The  work  proceeds  smoothly 
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and  with  unnecessary  haste  and  the  result  is  a  fint-class  building,  every  detail  of  which  is 
just  right  due  to  experience  gained  from  numerous  previous  similar  buildings.  By  the 
above  described  method  of  construction,  buildings  have  been  erected  in  30  working  days 
that  have  ordinarily  tak^i  from  3  to  6  months  to  build,  the  result  being  increased  production 
and  profit,  time,  and  money  saved.    To  quote  again  from  the  catalog  of  The  Austin  Company : 

Stand*rdis«d  construction  has  automatically  placed  coeta  on  a  more  BoUd  foundation.  Frequent  repeatinc 
of  the  same  building  operations  establishes  basic  cost  figures  and  eliminates  guess  work.  By  the  Austin  Method, 
factory  buildings  can  be  purchased  with  the  same  oertainty  as  machinery  or  other  equipment. 

The  work  is  so  well  organized  and  developed  that  delivery  can  be  guaranteed  under  a 
penalty  and  bonus  contract. 

164.  nittstrations. — No  attempt  will  be  made  here  to  show  sketches  of  all  standard  build- 
ings on  the  market,  as  there  are  many  of  such.  A  few  typical  illustrations  will  be  given, 
sufficient  to  show  the  general  nature  of  standardized  buildings.  There  are  several  organizations 
advertising  and  constructing  standardized  industrial  buildings  at  the  present  time,  and  the 
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Plan 
Fio.  75. — Austin  No.  1  standard. 


following  sketches  are  taken  from  their 
catalogs  in  an  effort  to  present  briefly 
some  points  in  the  work  of  each  of  these 
organizations.  For  a  more  extensive 
treatn^ent  of  this  subject,  the  reader  is 
referred  to  the  catalogs  of  the  various 
companies  mentioned  in  this  chapter. 

Atwttn  Standard  Factory  Buildings. 

The  Austin  CJompany  of  Cleveland, 
Ohio,  has  worked  extensively  along  the 
line  of  standardized  construction  and, 
through  several  years  of  experience,  has 
adopted  ten  basic  standard  designs  of 
permanent,  sturdy  factory  buildings  of  concrete,  brick,  and  structural  steel.  "These  ten 
Austin  standards,  together  with  their  innumerable  adaptations  and  combinations,  cover  a 
large  variety  of  industrial  structures.  Practically  every  type  of  building  from  the  light 
manufacturing  and  storage  types  to  the  heavy  machine  and  assembling  shops  will  be  found 
in  the  standard  designs.  While  each  style  has  been  standardized,  they  are  sufficiently  flexible, 
to  meet  a  great  variety  of  construction  requirements."  In  addition  to  the  ten  standard 
designs  mentioned  above,  The  Austin  Company  hdS  several  standard  designs  for  railway 
buildings  and  storage  buildings,  including  warehouses,  freight  stations,  repair  shops  and 
round  houses,  which  apply  Austin  standard  units  of  constructions.  In  most  of  these  standard 
designs,  expansion  is  possible  in  width  or  length  in  standard  multiple  and  the  height  may  be 
varied  to  suit  special  requirements.  It  ^ill  be  noted  that  the  longitudinal  distance  between 
columns  or  pilasters,  for  the  large  majority  of  standard  buildings,  is  20  ft.      This  distance 
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(usually  called  the  bay)  is  found  to  be  the  most  economical  one  for  heavy  types  of  buildings 
and  a  very  convenient  one  to  use  for  engineering  and  construction  purposes. 

Fig.  75  shows  Austin  No.  1  Standard  Building.  The  croea  section  of  the  building  and  plan  are  almost  self- 
explanatory.  This  building  is  very  similar  to  "  The  Miracle  "  ty^  building  as  constructed  by  the  Crowell-Lundoff- 
Little  Company  of  Cleveland,  Ohio,  the  difference  being  mostly  in  points  of  detail.  This  building  is  also  similar 
to  Tjrpe  E  as  designed  by  Ballinger  and  Perrot  of  Philaddphia,  the  chief  difference  being  in  the  addition  of  a  monitor 
for  lighting  and  ventilating  purposes.  This  building  is  ideal  f<»-  small  machine  and  assembly  shops,  carpenter  and 
pattern  shops,  paint  shops,  storage,  light  manufacturing  or  laboratories.  An  important  point  in  the  design  of  this 
and  other  types  of  standard  buildings  lies  in  the  fact  that  the  steel  beams  or  trusses  overhead  should  be  made  amply 
strong  to  support  all  ordinary  shafting  loads. 

Fig.  76  shows  section  and  plan  of  Austin  Standard  No.  2  building.  The  width  of  this  building  may  be  increased 
in  multiples  of  30  ft.  or  less  and  the  length  may  be  any  multiple  of  20  ft.  This  building  is  suited  to  many  lines  of 
manufacture  as  it  is  well  lighted  and  amply  ventilated.  It  ia  ideal  for  light  foundry  service.  This  building  is 
very  similar  to  "The  Monitor,"  a  standard  building  constructed  by  the  Crowell-Lundoff-Little  Co.,  the  latter  hav- 
ing a  40-f t.  center  aisle  with  light  steel  truss  above  instead  of  the  30-f t.  aisle  with  I-beam  rafter  in  the  above  No.  2 
building. 

Fig.  77  is  a  cross  section  and  part  plan  of  the  Austin  No.  3  Standard  Building.  It  has  proven  to  be  one  of  the 
most  popular  of  Austin  standards  and  adaptable  to  a  great  variety  of  purposes.     It  has  been  called  the  Universal 
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Fig.  76. — Austin  No.  2  standard. 


type  because  it  has  been  used  for  so  many  operations  in 
the  manufacturing  field.  "It  is  ideal  for  lighting  condi- 
tions, ease  of  installation  of  shafting  and  for  its  wide  area 
of  unobstructed  flocn'  space,  2000  sq.  ft.  per  column." 
The  space  in  the  monitor  at  either  end  of  the  building 
has  been  used  frequently  for  well-lighted  and  ventilated 
office  and  drafting  rooms,  also  for  toilet  and  washrooms. 
The  open  space  between  the  trusses  on  the  side  aisles  i« 
available  for  heating,  lighting,  plumbing  and  power 
equipment,  leaving  the  entire  floor  space  free  ita  actual 
manufacturing.  This  No.  3  Standard  is  very  similar  to 
Tjrpe  F  building  as  constructed  by  Ballinger  and  Porot 
of  Philadelphia  and  somewhat  similar  to  "The  Monarch" 
as  constructed  by  Crowell-Lundoff-Little  Co. 

Fig.  78  shows  the  exterior  of  an  Austin  No.  3  Stan- 
dard Building  built  for  the  International  Motor  Company 
at  Allentown,  Pa.,  in  34  working  days. 


In  all  the  standard  buildings  above  described,  either  continuous  side  wall  sash  with  steel 
columns,  or  non-continuous  side  wall  sash  with  brick  pilasters  may  be  used.  The  former  gives 
slightly  the  better  lighting  conditions. 

Brief  specifications  covering  the  above  standard  buildings  are  as  follows: 

Length — Any  multiple  of  20  ft. 
Minimum  clearance — 13  ft. 

Excavation  and  grading — On  normal  site,  excavation  for  standard  foundations  and  grading  within  3  ft.  of 
outside. 

Foundations — Concrete  (1  part  cement,  3  parts  sand,  and  5  parts  coarse  aggregate). 

Floor — 5-in.  concrete  base  with  monolithic  finish. 

Side  walls — Common  brick,  selected  for  facing,  laid  in  lime-cement  mortar. 
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Windo*  liQB— Coneicte  (uaiully  preoMt). 
ColunuM — Btmotuml  ateaL 
Roof  (tructuTS — Bted  beam 


8a*h  and  vratilatiaD— Sid«  wall  stcet  laih  with 
H-io.  factory  ribbed  idua.  puab  bar  or  cbain  oper- 
and. Ventilated  aectiaoa  in  moniton  mecbanioally 
operat«d 

Paintios — Structural  ateel  and  at^sl  aaah,  one 
■hop  coat  and  one  field  coat.     Eiteriai  wood  vork, 

tiro  CData  of  mill  white  paint. 

MiscellanBoiB— Sheet  metal  Kutlers  and  down- 
apouts.  ptumbins.  beating,  lightins  and  siK-inlilen  arp 
not  usually  atandardiied  but  are  furniahod  on  apecial 

Other  standard  ButUHngt. — Fig.  79 
shows  the  section  and  plaji  of  "Bessemer 
70"  building  of  the  Crowell-Lundoff-Uttle 
Co.  It  is  eepecially  adapted  to  houaii^  of 
forging  and  foundry  operations,  for  roll- 
ii^  mills,  machine  shops,  heavy  aseembling  shops,  power  houses,  and  similar  structures. 
Beasemer  50  and  60  are  very  similar  to  Bessemer  70,  the  numeral  indicating  in  each  case 
the  distance  in  feet  center  to  center  of  crane  rails.  The  Austin  Company's  Nos.  5,  6,  and  7 
Standards  are  very  similar  to  the  "Bessemer"  building  shown,  the  general  type  being  the 
same,  the  dimensions  being  somewhat  dilTerent  with  slight  differences  in  the  details. 
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Fio.  78.— Aoatin  No.  3  atan 
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and  part  plan  of  Type  C  building  oa  construrtod  by  Ballinger  sod  Peirot  of  Fhilai 
w-tooth  building,  "the  akylichta  facing  north.  aHardlDg  eieeptiona]  lightiim  and  vent 
it  Bpace,     For  many  induatrics  thie  ia  ideal.    Length  may  be  any  multiple  of  20  It.,  i 
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Ploeir  Plan 
1.  79.— "BoMDirr  TO"  buikUn«  o(  thi 


•Ub rdnfOTOed ooiwret* building,  "GibrBltarTyi>*"ugnat«d 
by  th«  CroweU-Lundirfr-Littla  Cn.  It 
■■  verr  liiaUar  to  Thg  Auatin  Com- 
Pkny't  No.  e  SUndud  uid  b  idntl  foi 
fulorica,  warahouiei,  atorace  build- 
insB,  (toia.  ind  offics  buildinci.  Thii 
type  of  buildinx  is  ecoDomioU,   fitv- 

froni  vibration,  mad  [inwi«mi  bU  th« 
edvantBcei  □[  the  Hat  alab  buildini. 

TruMon  SUel  Buildings.— 
The  TniBcon  Sted  Company  of 
YoungBtown,  Ohio,  manufac- 
tures and  erects  a  seriee  of 
semi-petmanent  buildings  "eon- 

e atructed    of    standard     unite, 

every  one  of  which  ia  made  of 
ateel,"  The  des%n  of  each  part 
has  been  carefully  studied  in 
order  to  develop  maximum 
strength.  Every  pound  o£  ateel 
is  utilized;  there  is  no  waste  in 
either  material  or  labor  of  man- 
ufacturing. 

The  walJa  of  Ttuacon  building 
coiuist  of  (landard  ateel  wall  uoita 
made  in  varioua  bdchta,  wbich  are 
iaterchanceable  witb  doon  and  may 
b«  fucniahed  either  with  or  witlioul 
steel  Hindowa.  Field  ODnnectloci  ate 
made  with  s  Blotted  bait  and  wedce. 
very  eaaily  saaembled  and  just  aa  eaaily 
diamantled,  tbeieby  makinc  it  eimplr 
and  [neipenaive  to  move  a  Truacon 
buildin(.  Heon  they  are  very  (ood 
portable  buildinie.  eepacially  adapted 
far  lempoiary  UM  and  can  be  and  are 


Fio.  30.- 

Fig.  82  ahowa  the  erou  Be<^tion  < 
id  adaptations  of  theae  typea  are  poeaible. 

166.  Conclusion.—.^  stated  above,  there  are  a  great  variety  of  standardized  buildings 
1  the  market  jtt  tlie  present  time.    Only  a  few  of  the  many  have  been  given,  sufficient  to 
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Ground  Floor  Plan 
Fig.  81.— "Gibrmltar  typo"  of  the  Crowell-Lundoff-Little  Co. 
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Pia.  82. — Tnuoon  standard  building  (type  4). 
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cpnvey  a  clear  idea  of  the  principles  and  methods  of  standardization.  In  selecting  a  building 
for  a  definite  purpose^  careful  consideration  should  be  given  to  the  requirements  of  the  case  and 
a  standard  building  only  used  when  it  fits  the  particular  need.  There  are  numerous  cases 
where  the  standard  building  will  answer  every  requirement.  There  are  other  cases  where  the 
standard  building  will  not  fit  the  conditions.  Efficiency  in  operation  of  plant  should  not  be 
sacrificed  by  the  use  of  a  standard  building  when  the  latter  is'  clearly  not  adapted  to  the  industry 
to  be  housed.  In  the  numerous  cases  in  which  standardized  buildings  are  adaptable,  the  results 
are  very  satisfactory. 


CLEARANCES  FOR  FREIGHT  TRACKS  AND  AUTOMOBILES 

By  Allan  F.  Owen 

156.  Clearances  for  Freight  Loading  Tracks. — When  a  railroad  switch  track  enters  a  build- 
ing, the  clearances  at  the  side  and  overhead  and  the  radius  of  the  curves  of  the  track  must  be 
approved  by  the  railroad  to  which  the  switch  track  is  to  be  connected.  The  tendency  is  to  use 
larger  and  larger  engines  for  switching  and  the  curves  must  have  longer  radii  for  the  larger  en- 
gines. Some4railroads  demand  a  nunimum  curvature  of  18  deg.,  and  prefer  14  deg.  Very 
few  will  not  allow  a  24-deg.  curve. 
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Fig.  83. — Clearances  allowed  by  the  State  Public  Utilities  Commiaaion  of  niinoia  for  freight  loading  tracks. 
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Fio.  84. — Clearances  for  main  and  subsidiary 
freight  tracks. 


FiQ.  85. — Clearances  for  awnings  and  canopies.- 


Note:  All  awnings  and  canopies  not  owned  by  R.  R.  companies  are  subject  to  the  approvi^  of  The  State  Public 
Utilities  Commission  of  Ulinois. 


A  42-ft.  length  of  track  should  be  allowed  for  each  freight  car  that  is  to  be  loaded  or 
unloaded. 

Clearances  allowed  by  The  State  Public  Utilities  Commission  of  Illinois  are  given  in  Figs. 
83,  84,  and  85. 
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Fig.  86. — Auto  truck  clearance  lines. 
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Fio.  87. — Toiuing  car  clearance  linee. 
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Loading  platforms  should  be  3  ft.  9  in.  above  the  top  of  raiL  This  height  will  allow  doors 
of  refrigerator  care  to  open.    Car  platform  heights  vary  from  3  ft.  9  in.  to  4  ft.  2  in. 

157.  Automobile  Sizes  and  Clearances. — Doore  to  public  garages  which  have  to  accom- 
modate every  kind  of  automobile  truck  should  be  14  ft.  high.  Entrances  to  truck  backing-in 
spaces  should  be  of  the  same  height.  Doors  to  many  such  garages  are  11  ft.  high  and  these  will 
take  all  but  the  very  largest  trucks.  Doors  should  be  at  least  9  ft.  wide  and  must  be  wider 
if  they  are  nearer  than  40  ft.  from  the  opposite  side  of  the  street  or  alley.  Fig.  S6  gives  the  clear- 
ance lines  for  a  truck  of  the  following  dimensions :  Length  over  all,  24  ft.  6  in. ;  width  over  all, 
8 ft.  4 in.; front  overhang,  3  ft.  0  in.;  wheel  base,  14  ft.  6  in.;  rear  overhang,  7  ft.  0  in.,  tread — 
front  wheels,  5  ft.  0  in. ;  tread — rear  wheels,  5  ft.  6  in. ;  radius  of  clearance  circle,  30  ft.  6  in. ; 
b6dy  size,  8  ft.  4  in.  X  18  ft.  0  in. ;  width  over  front  fenders,  6  ft.  0  in. 

The  manufacturere  have  standard  sixes  of  chassis  but  there  is  no  standard  for  bodies;  so  when  it  is  necessary 
to  provide  for  particular  trucks,  it  is  beet  to  get  the  dimensions  from  the  owner  or  builder  and  lay  out  the  clearance 
lines. 

Touring  cars  do  not  require  so  much  room  as  trucks.  Doors  should  not  be  less  than  8  ft.  wide  nor  lower  than 
8  ft.  unless  the  garage  is  made  to  fit  one  small  oar.  The  diagram  of  clearance  linea  for  a  touring  car  is  given  in  Fig. 
87  for  a  oar  of  the  following  dimensions:  Length  overall,  17  ft.  3  in.;  width  overall,  5  ft.  10  in.;  front  overhang, 
1  ft.  11  in.;  wheel  base,  11  ft.  10  in.;  rear  overhang,  3  ft.  6  in.;  tread — front  and  rear,  4  ft.  8  in.;  radius  of  clearance 
circle.  30  ft.  3  in. 

The  following  table  gives  the  required  dimensions  of  a  few  passenger  cars 


Name 


I  Capacity 
{(number  of   Length 
!  passengers) 


Width    Height 


Wheel 
base- 


Rear 
overhang 


Radius  of 

clearance 

circle 


Weight 
(pounds) 


Packard  3-25 

3-35 

Locomobile  48-2 

38-2 

Pierce- Arrow  48  H.P. . , 
38H.P.. 
Stanley  Steamer  735 .  . 
Ford    "T" 


7 
7 
7 
7 
7 
5 
7 


15'  9" 

5'  0" 

7'  0" 

10'  8" 

16'  6" 

6'  ©" 

7'  0" 

11'  4" 

17'  3" 

6' 10" 

6' 10" 

ll'lO" 

17'  0" 

6'10" 

6'10" 

11'  7" 

17'10" 

5'  9" 

7'  9" 

ll'lO" 

IS'IO" 

5'  7" 

7'  4" 

11'  2" 

17'  0" 

6'  0" 

7'  6" 

10' 10" 

12'  4" 

6'  S" 

7'  0" 

1 

8'  4" 
'  10'  4" 

3'  6" 
8'  6" 


4'  0" 
2'10" 


22'6" 
23'6" 
30'3" 
30'3" 
25'0'' 
21'6" 
25'0" 
14'0" 
230" 


4435 
4490 
5000 
5000 
5500 
4400 
3800 
1500 
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